








are implemented oa an aggregate program basis.
(NYPSC Opinion and Order 89-29 1989)

CONCLUSIONS

The tradigonal rtemaking process used by New
York udlices provides significant disincentives to
implemeat DSM and significant incencves t
market elecmdty use as 2 means of enhancing
profitability. The laner is fundameatally inconsistent
with the goals of least cost planning and the acqui-
sidon of costeffective DSM resources which cn
help customers reduce emergy costs and reduce
adverse eavironmental impacts.

The Electric Rate Adjusument Mechamm (ERAM)
used by the California Public Utlities Commission
eliminates both the DSM disincentive and power
marketing incentive problems and has other desir-
abie propertes, inciuding inceatives to reduce
electridty supply costs.

The Fuel Revenue Accountng (MFRA) method
used by Central Maine Power can be modified to
have most of ERAM’s advantages with the added
benedt of providing limited coupling of profitability
10 customers elecTricity consumpuon characteristcs.

A DSM incentive based on a sharing of the net
resource savings determined through in-depth pro-
gam evaluation provides an effective motivational
basis for rewarding utilities for their implementadon
of DSM programs. This DSM inceative should be
integrated with a set of complementary inceatve
mechanisms which reward utlities for performance
in reducing the costs of meeting customer end-use
energy needs.’

A conceprually appealing alternative to separate
performance measures would be to develop glodal
measures of udlity performance which inbereatly
Gprure and give appropriate weight to these sepa-
rate performance factors, but in a seif-consistent
manner. The Effective Resource Cost of Electricity
(ERCE) deveioped by ope of the authors appears
have many desiradle atridutes for assessing udility
performance. However, more analysis of utility cost
and customer bdilling data is needed w determins
whether the ERCE index or the customer bill-

based performance index approach recommended
by David Moskovitz can provide a pracucal basis for
coupling profiubdility w performance.
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FINANCIAL INCENTIVES FOR DSM PROGRAMS:
A REVIEW AND ANALYSIS OF THREE MECHANISMS

Michsel W. Reid and John H. Chamberiin
Baraiat & Chamberiln, Ine.

Throughout the United States, the artenton of elecwic udlities, regulators, and
induswy analysts has been drawn to the financial implicatons of elecwic udlity
demand-side management (DSM) programs. A consensus has emerged that
wraditional regulatory mechanisms do ot reward electric utilities for pursuing “east.
cost’ opdons; moreover, implementation of DSM programs may de couater w0
utlities’ financial interest. It is aow widely believed that DSM will be unable to fulfflll
its potential in the absence of mechanisms to correst this imbalance.

Receatly several utlites have developed proposals 10 create financial incentives for
DSM. These proposals, some of which have been implemented after review and
modificdon by regulatory autborites, are aimed 3t both offsetting the financial
penalties of DSM programs and providing a “positive inceatve’ or reward for
successful DSM implementation. While their inteats are similar, specific approaches
differ considerably. '

This paper reviews receat effors to provide incentives for sdlities to andertake
DSM. We first preseat our views of the aeed for, and appropriateaess of, financial
incentves. We thea analyze specific incentive schemes that have been proposed (and,
in two cases, adopted) for three different udlities in the Northeast. The mechanisms
are analyzed for their ability 10 meet wtiree objectives:

¢ Provide for full and tmely recovery of all DSM program costs.
o Adjust for DSM-induced reveaue losses.

o Counterbalance risk and loss of financial oppormuaity by providing 2 boaus, or
‘pure inceadve,* above cost

ATTach
FC

INTRODUCTION

Throughout the United States, utilities, regulatory
commissions, and intervenors are discussing the use
of financial incentives to encourage balanced consid-
eraton of resource opuons and alignmeat of the
profit modve with the goais of least-cost udlity
planning T date, discussions on incentves hsve
focused largely on mechanisms that would foster
greater development of DSM resources. While 2
guiding principie of least-cost planning i that al
resources shouid be given bdalanced coasideradon,
the inceatives debate has beea concenmated on
DSM because ot

o The depth of unexploized DSM resources that are
cost-effective compared to supply-side udlity
resources. )

o The signifiant disticenover-fnancial and
otherwise=that surround udlitdes’ effors
iovest in DSM.

This paper reviews receat effors w provide incea-
tves for udlities to undermaks DSM. We fint
preseat our views of the aeed for, and appropriate-
pess of incentves. We thea analyze specific
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inceative schemes that have beea proposed (and, in
™™wo cases, idopted) for three different udlies in
the Northeast

WHY ARE DSM INCENTIVES SOUGHT?

An oft-repeated reacton to the concept of DSM
incentves is, “Why give udlities an inceative to do
something they should be doing aayway?* Implicit in
this question is the assamption that DSM incentives
represent a reward, or bonus, above and beyond the
costs of doing DSM. While there is 3 reward
component to most incentve proposals, we believe
the major need for incentves is to overcome the
disincennves inherent in traditional reguladon that
affect utilides’ interest in, and motvaton for, DSM
programs. O a large degree, the disinceadves are
financial: that is, pursait of DSM operates at cross
purposes with atilities’ financial interest, and thus
imposes costs that must be compeasated for. Disin-
centives also arise due to perceptions that DSM will
increase udlities’ exposure to risk. The principal
disincentives are discussed below.

Failure to Recover All Program Costs

In many instances udlites’ expenditures oa DSM
have not beea recaptured in rates. This is most
prevalent in states that base their ratemaking on
historic test years. While growth in DSM outlsys is
sought by both regulators and intervenors, cost
recovery in historic test year states is limited to the
amount expended in a prior year. Even in states that
use furure test years, the problem cas occur if
program expenditures are greatar than anticipated
(for eample, if participstion exceeds forecasted
levels),

The timing of cost recovery can create & more subtle
disincentve for DSM. [n many instances recovery of
DSM expendimires is deferred significantly uadl
after their incurrence, but no adjustment is made for
the loss of imterest (carrying chargm) ia the
intervening period While oftea 8Ot seen 23 8 “real
cost,® the loss of carrying charges must be com-
sidered 2 cost from the smndpoint of financal
motvaton.

Loss of Revennes

[n the absence Of special adjustment procedures,
such as California's ERAM (Elecwic Revenue
Adjustment Mechanism), DSM programs that
reduce kilowatt-dour sales work at Cross purposes
with atilides’ Anancial interests. This phenomenon
is oftea referred o as the lost reveaues’ prodlem.
The practcal effect, in many instances, is that the
udlity under-recovers its allowed fxed costs—coss
that were authorized for collection by the regulatory
commission in the prior rate ase.

This problem may be mitigated somewhat by use of
a forward-looking test year (which adjusts test year
sales for antcipated DSM impacts) and by more
frequent rate cases (which bring acrual and test vear
sales into closer alignment). Evea with such policies,
however, utilities’ motvation may be in the dires.
ton of less DSM (and greater sales), because every
kWh not sold due to DSM reduces the contributon
to fixed costs and earnings. Even if unasticipated
sales growth puts the utility above its test vear sales
amouat, every conserved kWi cuts into earnings

Loss of Financial Opportuaity

The third financial disinceative to DSM is the
potential loss of opportunity for the utility to grow.
Financial theory diczates that growth in a utility’s
size per se is ot of intrinsic value: what marers s
the rate of return on capital But this theorencal
view is not necessarily shared by udlity executives
and sharebolders: growth in sales, rate base, eam-
ings, and other statistcs are often viewed as indi-
cators of financial streagth.

DSM works couater to a utility’s growth interest in
two ways. First, uniess DSM expenditures are
inciuded in rats base (as is allowed in some suates),
choosing DSM resougces over supply-side options
substitutes an expense item for a aapital item. In 2
WOrst-ciss scemario, the possidle result is what
might be called “ths incredibls shrinking atilicy”: the
utility’s rats bass declines due to amortization of old

investments, which are not replaced (in
rate bass) by demand-side invesunents. Second, sales
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that are lost as the result of DSM are permanonly
lost (assuming persistence of DSM bdeneds). The
result is that future fixed costs will be spread over 3
smaller sales volume, possibly leading t0 higher
rates and possibly adverse impacts on te udlity's
mpenuve positon.

Proponents of ERAM-type adjustment mechanisms
claim they eliminate the incendve for udlities to
increase sales. We believe this to be true only in the
shon-run—ie.,, between rate cases. ERAM recap-
tures for ratepayers any over-recovery of fixed cosun
resulting from sales above the test.year amount
Nonpetheless, a2 udlity that increases sales will eater
its aext rate case with a greater sales base over
which to spread fixed costs (assuming the increases
are pot transient). This may be desirable for
compettve reasons, since it may allow lower
average rates; it is doubly desirable if shareholders
aad managers value growth in areas other than
profits (sales, rate base, sumber of empioyess, etc.)
for its own sake. Therefore, evea under ERAM udl-
ides may view long-run sales growth as in their
financial interest, and DSM as at odds with that
interest

Risks of DSM

[n additon to the direct financial impacts described
above, there are a varietry of conmsiderations that
affect udlities’ perceptons of the risk of DSM aad
therefore set up additonal disincentives that must
be overcome. Conservation advocates have oftea
asserted that conservaton programs are lesy risky
than supply-side optoas for a variety of reasons:
modularity (the ability to obain DSM in small
units), short lead time, lack of eaviroamental risks,
and so forth, The fact remains, however, that unli-
tes seldom percave DSM as 2 low-risk proposition.
Several risks eater into utilities’ views toward DSM:

Reguiatory risk. A recospective review of today’s
DSM programs msy conclude they were done
imprudeaty or wers ot ‘used and useful’ and
should therefore not be accordad full cost recovery.
(Alternatively, regulators could extract 3 peaalty ia
some other way, such as a reduction in the sllowed
return o equity.) This risk is heightened by the
kmowledge that turnover among regulators is high,

and Wt decisions by today’s regulators concering
DSM progams wall not be bdinding o tier
successors.

Impact risk Underiying the incorporadon of DSM
inw a udlitys integrated resource plan are
assumpdons concerning the expected emergy and
demand impacts, generally developed on a per-
partcipant basis. The quality of the data used to
generate  impact assumpdons varies  greaty
depending on the technologies employed and the
quality of end-use data available. Further
complicating impact esumadon is the need 10
account for coincidence with system peak demand
and the extent of free-ridership (the prevaleace of
customers whose DSM-related actons @anot be
armibuted 0 the program). The quality of informa-
don available for estimating impacts is steadily
increasing, thanis to growth in DSM evaluaton
acuvides. Nonetheless, there is sull some risk that
actual impacs will be less than expected, which
implies ™wo further risks: (1) possible need o spead
additonal dollars on supply- or demand-side meas-
ures to make up the shortfall: (2) greater likelihood
of adverse actions by regulators, as described above
(regulatory risk”).

Market sccepaancs risk. Even where the technojo-
pes used io DSM programs and the expected
impacts per customer are well-understood. there
often remains substantial uaceruincy about DSM
program acceprance. Customer response (o even the
most prevalent types of programs (sucl as high.
efficiency appliance redbates) cannot be predicted by

-today’s models with adequate confidence. As with

impacz risk. possible outcomes of low market
acceplance include the need. for addidonal outlays
10 make up the difference, and greater exposure w0
regulstory risk. :
Competitive risk. Increasingly, states are adopting
the Toral Resource Cost (TRC) test as the principal
benedt-cost citerion for DSM program selection. A
consequence of this decision rule is that adlides are
being directed 0 implement programs that pass
TRC dut Al the Rate Impact Measure (RIM) test
(also known as the pon-participans or no-losers
test). Such programs increase average rates. There-
fore, evea if all the direct financial risks ideatified
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above are ‘cured’ through incenuve adjustments.
utilities mgy stll be concerned that DSM.related
rate increases will be harmful o compendve
Zarkews, possibly drmng away incremental
customers or sales, with consequent loss of
conmibunoas 0 margin. This problem may be
exacerbated by ‘pure incentives’ or bonuses, which
exert additonal upward pressure On rates.

Balance sheet risk. Unless DSM expenditures are
given immediate recovery, they result in the creation
of “regulstory assems® or ‘JTOUs® that are probably
less secure (from sharehbolders’ and bondholders’
perspectdves) than -tradidonal supply-side assets.
Further, such assets are 2ot bondable property, Le.,
they cannot be pledged as collateral to support a
debt issue. If DSM programs become sufficiently
large, mmumkof:nmminmemof
Qpital

ELEMENTS OF A DESIRABLE

INCENTIVES APPROACH

It follows from the preceding discussion that

inceative mechanisms should address each of the

major areas of disincendve. Specifically, they should:

o Provide for full and tmely recovery of all
program coss.

o Adjust for DSM-induced reveaue losses.

o Counterbalance risk and loss of fisancial

oppomniw by providing a mm. or 'pm%,
inceadve,’ above cost. —

It is unlfkely that any single regulstory changs can
serve all of thess objectives. Thus, the challenge
beeomqmolmﬂngp&hpotm
that are comprebensive in scope.

Given the complexites of tast year definitions, foal
and purchased power adjusunest clauses, statgtory
restrictions oa the componens of rats bess, and 30
forth, it is unifkely that any ons mechanism or
paciage of mechanisms will be applicadle without
modifications scross different stawm. Superior
{nceatve propossis will be dsveloped with stats-
specific regulatory practioss in mind It s also
impormat, we believe, o wailor the spproach at the

utility-specific level. Different utllities msy respond
in different ways 10 the same inceadwe dus t©

differences in soucture, rate level emeat of
competition. balance sheet charactensucs, and
management’s perceptions.

INCENTIVE PROPOSALS:
THREE VARIANTS

Orange and Rockiand Utilities (O&R)
Al incentive mechanism was established for O&R

by the New York Pubdlic Service Commission (NY

PSC) in an opinion and order issued in September
1989 (New York Public Service Commission 1989).
The selected mechanism was based, in part, oa an
O&R proposal flled in early 1989 (Orange aad
Rockland 1989s). The description presented here is
based on the PSC's order and O&R's compliance
flling that followed the order (Orange and Rockland
158%%).

Cost Recovery. O&Rvﬂlsﬁbm.it annually to the
PSC a one-year projection of month-dy-month pro-

. &am o8 for is DSM programs. It will recover

these costs through it fuel adjustment clause All
DSM costs not aiready accounted for in O&R's base
rates, whether capital- or expense-type items, would
be recovered in this maaner. Monthly variances
(posidve or pegauve) in actual versus projected
amouns will de tracked and will accrue interest
The camulstve variances will be added w0 or
subtracted from the projected DSM costs for the
aex year.
Lost Revenues. With it pmjemnm of program
coss, O&R will include an estmate of is &xed
costs that will aot be recovered due to DSM. The
lost reveaue per kW is estimated by service class as
the gverage rate net of fuel cosw, minus an adjust-
ment for variable operations and maimtenance
expenses. The projected amount will be recovered
through the fuel clause Following the 12.month
pahdofpmmopmdon.O&Rwﬂlmu
actual lost revenues besed On program evaluaton.
aad will reconcile under- or over-collections of lost
revenuas through the fuel clauss over the sext

12-moath period.

Boaus. O&R originally proposed that it be given 3

boaus based on the level of supply-sids invesunent
that would be needed to provide the apacity aceds
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met through DSM. O&R would esumate the cost of
construcung & power plant with @pacity equal to
that provided by the DSM programs (using PSC-
approved estimates of avoided cost). It would thea
estimate the retarn that it would have earned on
such a plant, assuming it were depreciated over a
ten-vear period (comparable o the life assumed for
DSM measures). O&R further requested that the
allowed return on this 'pmdo-mvesmem be set at
200 basis points higher than the company’s ordinary
return on equity. The bonus would be limited to 8
1% increase in the company’s overall ROE, plus
50% of any excess over that amouat,

The actual bonus adopted by the PSC differs
signifiantly from O&R's proposal The major
weakness of O&R'S proposal, from the PSC's stand-
point, was that the costs of the DSM programs
would aot figure in the inceatve; thus, O&R would
oot have a direct incentve to control cosws. For this
reason, the PSC substituted a ‘shared savings*
approach. under which O&R will be granted 20% of
the °net resource savings’ arributable in each year
10 DSM. Net resource savings for agy one year are
Galculated as (1) the valoe of the energy and
capadity savings attribuuable o DSM: plus (2) an
adjustment of L4 ceas per kWh for svoided
environmental impacts; minus (3) the company’s
DSM program costs. For purposes of this calcula-
ton oaly, DSM program costs will be amortized
over 3 ten-vear period, Le., one-tenth of the original
expenditure will be subtracied from the enerpgy,
capacity, and eavironmental savings each year. Not
included tn the calculation of nst savings are DSM
costs borne directly by customers who participate {n
the programs. -

The bonus will only be collectad after actual results
.are available from the compazys evalnation activi-
ties. Collection will occur over 3 ons-year period
through the fosl adjustment cisuse. The incentive
will be capped at an amount equal t0 a8 additional
0.75% retura oa equity. -

In is compliancs filing O&R that i3
1990 DSM expeaditures would toul $43 million
and yield first-year svoided-<ost beneflts of $658,000.
Allocating one-teath of the program cost to the
first year, the nst benefin would be approximatsly
$225,000, of which O&R would capturs 20%, or

545,000, Additional bonus amouats attributable to
the first.year program would be collected in each of
the aine succeeding vears. Presumably, there would
be 1 ‘cascading’ effect in later vears. as additonal
boguses (from addidonal expenditures made 1n
1991, 1992, etc.) take effect.

Massachusetts Electric Company (Mass. Electric)

Mass. Electric, a retail subsidiary of the New
Eangland Electic System (NEES), fled an incentive
proposal for its 1990 DSM programs in September
1989 (Sergel 1989). In March 1990 the
Massachuserss t of Public Utdlities
(DPU) adopted an incendve plan for Mass. Electne
that differs signifiqaty from the company's
proposal in the way the bonus component is
computed (Massachusers Deparmment of Public
Udlides 1990). The proposal and the plan as
adopted are described below.

Cost Recovery. Mass. Electric proposed to recover
DSM program costs as they ocour. A separate fund
would be created on the company’s books to wack
DSM cosw. Revenues for the fund would be col-
lected through an allowance in base rates. Actual
DSM expendirures would be charged against the
fund monthly. Any difference between the amounts
collected and expended would be recondled, with
interest, at the end of the vear. If actual costs
differed significantly from the projected amounts,
the udlity could petition for interim adjustmens.

The DPUs decision did not alter Mass. Electic’s
cost recovery scheme. The DPU noted, however, its
goal of eveartually requiring that cost recovery be
linked to actual performance. This would be consis-
teat with the DPU's ‘preapproved conmct’
approech for supply-side resources, which eavisions
that cost recovery of supply-side resources will be
governed by a predetermined price per unmit of
capacity and/or eaergy output. TO this end, the DPU
directed Mass. Elecric w incinde a performance.-
based cost-recovery mechanistn when it flles for
approval of its 1992 DSM programs.

Lost Revennes. Mass. Electric did not request an
explicit adjusuneat for lost revenues due to DSM.
Because Mass. Electric purchases all of its power at
a wholesale rate from as affilisted company, fxed
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cosis comprise 1 smaller pordos of s cost of
service than is typial for stand-dlone udlites, s0
lost revenue (s aot seen as 3 major problem. Mass.
Electnc did suggest, however, that its ‘maximizing
inceatuve’ (described below) would provide ‘3 con-
crete reunbursement of lost revenues to the extent
they exist’ (Sergel 1989). The DPLs decision did
not address the lost revenues issue,

Bonus. Mass. Electric proposed a two-part bonus
scheme tHed to estimated avoided costs. [t is most
readily understood by referring w0 the 1990 values
cited in the company's filing What Mass, Electric
called the ‘maximizing inceative’ would be set at
5% of the present value of the DSM programs (as
measured by avoided costs), net of participants’
cosws. For its 1990 DSM programs Mass. Electric
estimated a preseat value benefit of $57.6 million
(net of customer costs), yielding the ‘maximizing’
boaus of $4.9 million. The second part of the bonus,
the ‘efficiency incentve,’ would be calcuiated on 8
shared savings basis. The projected 1990 program
costs of $37.0 million would be submacted from
S92.7 million (the program value less the maximiz.
ing incentve), and the udlity would be allowed to
Qprure 10% of the result, or 35.6 million. Mass.
Electric caiculated that the combined bonus amount
of $105 million (efficiency incenuve pius maxi-
mizing incentive) would yield ag increase of about
2% in return on equity if the DSM programs met
100% of goals.} _

Mass. Electric proposed o collect the maximizing
incentive during the program year &s measures are
installed, based upon estimates of
per-measure’ impact, lifetimes, and fres-ridership
that were included i its proposal For emmple,
Mass. Electric estimated that each Buor-
escent lamp insulled in the small commercial/
industial customer segmemt would provide
0.045 kW demand reduction and 143 sanual kWh
eaergy reduction: 5% of the partcipans would be
free-riders; and that the benefits would last for thres

1 Dus @ the sruenre of e holding cawpery of which & b o
par, the ROZ for Mam. Blaxiric clang may ba ¢ wisicadieg
flpra [ the sne incarsivs macharesn ware edepund for ol du
rasl companis wde i parem, the yEER-wide increan B
ROE would be 0.6%

\

vears. Based on these values and its avoided costs.
Mass, Electnc would calculate the present value of
€ach umit installed As customers eater the program
and compact fluorescent lamps are installed, Mass,
Electric would be able to claim credit for the value
of the lamps and collect £% of this amount from
the fund as the maximizing inceanve,

The efficiency inceadve would be collected oaly
after the close of the program vear, at which pount
actual program costs would be kmown. Mass. Elec.
Tic wounld collex the efficiency inceative in
installmeats over the following year,

The DPU's decision made several major alterations
to Mass. Electric’s bonus mechanism. The boous
amounts will be based on actual program results,
rather than on predetermined per-unit impacts. The
proposed total boaus level was cut in half, so that if
Mass, Electric achieves 100% of its program goals,
the donus would amount to $5.25 million, or 2 1%
increase in the udlity’s ROE. A threshold of 509% of
program goals was estblished, 5o that Mass. Elec.
wic must meet half of its kW and kWh goals before
any bonus is earned. Once the threshold is passed,
Mass. Electric will earn the bonus on 3 specified
per-kW and per-kWh basis: $832 per kW-vear and
5.00308 per kWh. If Mass. Elecmic surpasses 100%
of goals, it will sdll exrn the bonus oa all kW and
kWh adove the goais. The bonus will be collected
only after the udlity has submitted {ts report oa the
first program year showing actual per-unit savings,
as determined by program evaluation acuviges. The
specific mechanism for the collecton of the bonus

was 0t specified by the DPU.

Philadelphia Electric Company (PECO)

In early 1950 PECO submitted 3 brosd outline of an
incentive mechanism t0 the Peansylvania Public
Utdlity Commission ia responss o a Commission
saff psper snd qQuestonnsaire on incentives
(Philadelphis Elsctric Compaay 1990). Unliks the
O&R and Mam. Elscric plans described above,
PECO’s inceative approach has 20t been developed
t the leve! of a formal flling.

Cost Recovery. PECO proposes 8 split cost recovery

approsch for DSM expenditures. Expense-type items
would be recovered a3 incurred through the fue!
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adjustment clause. Actual expenditures would be
reconciled with recovered amouns annually.
Caprtal-type items would recsive deferred
accounting treatment, with an accrual of interest,
undl the next rate case, at which point they would
be folded into rate base and recovered, with a
return, over a speafied amortzation peniod.

Lost Revenues. PECO would seek preapproval of
the expected reducton in fixed coss per program
parucipaat It would collest these amouats through
the fuel adjustment clause based upon a projecied
schedule of partcipants. At year-end, reconciliation
would occur based on the actual number of partid-
pans. No retrospective changes would be made in
the preapproved values of lost fixed coswm per
pardcipant.

Bonas. PECO would receive a ‘shared savings’
bonus based on the difference between the present
value of the DSM programs (as measured by
avoided costs) and the acrual program costs. The
percentage of savings o0 be retained by PECO was
not specified. The present value of the avoided costs
per participant would be preapproved by the com-
mission. The boaus would be collected through the
fuel adjustment clause during the program year. At

year-ead, reconciliatiop would occur based on the

actual pumber of participants and actual program
costs; the preapproved avoided costs would not be
adjusted retrospectively.

HOW WELL DO THE PROPOSALS
MEET THE OBJECTIVES?

Inmnmnvemhwnnachotm
three incentive mechanisms meet the objectives
outlined previously.

Pull and Timely Recovery of A Program Costa

In general, each of the lneadvewmwm
address the partal cor recovery problem. Both
O&R and Mass. Electric will recover program cost
a3 they are incurred; snexpected cost increases will
be recoverable {n the next year through a recondl-
iadon procedure.

PECO proposes 10 follow a similar wreacment for
some of {3 expenditures but 10 ratebass those that

g0 toward Q@putal items.* lis proposal 0 accrue 3
rerurn on these apital items dbefore ey eater rate
base would address another potential area of unde:.
recovery. On the other band, ratedbasing couid
expose the company o additional risks, including
possible denial of full cost recovery at some future
date and "balance sheet risk’ as described earlie:.
There might be offserting advantages 0 ratebasing
DSM. however, suck as midgaton of short-term
upward pressure on rates.

Adjustment for DSM-induced Revenoe Losses

Both the O&R and PECO mechanisms would pro-
vide dollar-for<dollar compensation for DSM-
induced shortfalls in fixed cost coverage. Because its
purchase of all power at wholesale rates reduces the
significance of lost revenues, Mass, Electric aeithes
requested nor recefved an explicit adjusunent, suat-
ing instead that the bonus would provide suficieat
offset to cover lost revenues. T the extent that
reveane loss due t0 DSM does occur, the Mass.
Electric mechanism provide a less smaightforward
response to the problem.

Bonus to Countarbalance Risk and Loss of
Flnancial Opportunity

All three mechanisms provide for a bonus, or true
incendve, above program costs and lost reveaues.
While computed in different ways, each strives to
offset some of the risk and loss of fnancial
opportuairy associated with major DSM programs.
How well each mechanism serves this purpose
depends on the uncerinty surrounding the actual
bonus that will evenrually be earned. Uncertainty is
a function of both the timing of the bonus and
uncerwinty about its magnitude. Of the three
proposals, only O&R stretches the bonus out over
an extended period (ten years). This consideration.
we belleve, increases the reguiatory risk that the
bonus will not be earned in full-and therefore
diminighes it value.

2 PECO har nox indicased whaher s will smsk © capisalize
MCTREVE pEYNING AR MPPON CUSOMET’ Purchesm of long
Bved cpapina, o whash® capializanon would be limmed ©
direzs epapmens cpendinsra by PECQ.
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la all cases the magnitude of the bonus is uncertain
because it depends, in part, on the suctess of the
programs in recruiting partcipants. Tae¢ O&R and
Mass. Electric bopuses additionally depead on post-
installation measurements of actual program impact
In conmast, the PECO plan, as well as Mass
Electnc’s original proposal, would remove this
element of uacertainty by relying on predetermined
per-customer of per-measure impacs (o compute
the bonus.

All of the mechanisms give the utilities an incendve
to "do a good job* with their DSM programs in
terms of signing up customers. The issue becomes,
How importanat is it to tie boguses to actual
measured results? Surely the nodon of payving for
aczual, rather thanm predicted, performancs, has
swong inruitive appeal Further, one might argue
that under the PECO approach the company would
have no inceative to easure that the measures are
installed well—or (t0 carry the argument to the
exuweme) that the company would beamefit by
intentonally doing 2 poor job.

We believe the importance of using measured
results is overrated, particularly in situations where
the DSM programs are being approved for a limited
tme frame and ongoing evaluaton effors are
planned. Under the PECO plas, for eample, the
company would come before the commission
arnually to seek approval of next year's programs
and their assumed per<customer impacs. Ths
commission would look to the most recent evalx:::
ton resuits 0 help it gauge the credibdility of ¢
company’s impax estmatst. Any shorteteiii
‘faming® of the system by fafling w implemeat
measures well would likely be revealsd by evalua-
ton. and would carry a severs risk of loms of
credibility with the commission.}

Reliance solely on measured results poses two
" disadvantages. One is that it delsys receipt of the
bonus until the results are in. The second, and more
serious, disadvantage is that it makes the bonus less

I appraseh amile » PECOY (peppovel of rpesm
*'ﬁ.“lh)—“wb‘

A\

certain. Other things being equal. we would expecy \
that this reduction in certainty increases the size of
the bonus needed 10 overcome udliues’ hesitancy 1o
pursue DSM. ’

While reliance on preapproved impacs brings the
risk that ratepavers will pay bonuses for savings that
were Dot achieved, we believe the potennal cost is
small, given frequent opportunities 0 revisit the
assumed impacws.

Basis for the Bonus. O&R's original proposal would
have based the bonus on avoided costs (specifically,
on the size of the igvestmen: displaced by DSM),
The O&R mechanism as approved by the PSC sub-
sttutes a shared savings incentive, which relies on
both the avoided costs and DSM program costs. The
NY PSC rejected this formulaton in favor of a
shared savings approach, which-relies on both the
avoided costs and DSM program costs:

Under the compasgy’s proposal, DSM program
costs would simply be recovered, asd would
not affe the calculation of the incentive
frself The company could conceivably find it
profitable to pursue demand reductions with-
out regard to costs. Under [a shared savings)
proposal, in contrast, the amount of the
inceatve psyment would be directly tied to
the cost-effectveness of the DSM measures
chosen. For this reason, a percestage of
savings mechanism is superior (New York
Public Service Commission 1989).
The PECO proposal also adopted the shared savings
approach. Mass. Electric’s original proposal used a
combination of avoided costs alone (for the maxi-
mizing inceatve) and shared savings (for the
effliciency incentve). This approach was altered by
the Massachusers DPU, howevez, due to the DPU's
rejuctancs to institutionalize avoided cost:

‘The Department cannot at this time suppont
using swoided energy and capecity cosu to
calculats value .[A]voided edergy and
capacity costis msy Bot accuraiely represeat
value. - Instsed, such cosw ars a complex
miztare of marginal and embedded cost,
which at best represent only the aext best
alternatve. As the Deparunent has made
clear its intent to eliminate the nead to use
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administratively-determined avoided cost for
the resource selecon and resource pricing
process_the Department is interested in
minimizing the reliance on suck Glculagons
(Massachusers Deparuneat of Public Udlities
1990y, ‘

The Massachusents DPU substruted a2 bonus
method based on kW and kWh achieved. [t designed
this method (0 produce the same resulr as Mass.
Electric’s proposal, namely, achievement of a target
increase in ROE if the programs are fully successful
(Toe DPU, bowever, set the target at 1% additonal
ROE rather than the 2% sought by Mass. Electric.)

Notwithstanding Massachusetts’ concerns about
avoided costs, we believe the shared savings
approach is sound and has intuitive appeal t0 both
udlides and regulators. It represents a reward for
value received, and it gives the utility a continuing
incenuve to conwrol cosws. Further, it is readily
understood by persons outside the utility/reguiatory
community and is thus lLikely to pass the "froat page
test’ For these reasons, we &xpect that other states
will likely make shared savings the basis for the
bonus componeat

In the @nal analysis, however, the mechanism for
computing the boaus is less imporant than its size
and the level of uncertainty surrounding its receipt
While we see advantages to the shared savings
mechanism. we suspect that udlity managers will
view any mechbanism primarily in terms of in
poteanal conriduton o ROE. .

Dollar Vais of the Bonus. Perhaps the key questdon
is one that cannot be answered definitively at this
point How large must the bonus be to serve its
purpose? An executive with a major investment
banking firm has suggested that an increase of
.15-25% in wal ROE arising ffom an incentive
would be meaningful to utlity {nvestors (personal
communication with Caren Byrd, Morgan Stanley &
Company, September 198S). If its programs are fully
successful, Mass. Electric’s incentive plan will yield
it pareat the equivaleat of an additional 03%

ROE.* Another way 10 view the Mass. Elecine plan
is that it will provide a bonus of S525 mullion on
outlays of 337.0 million, or roughly 14% above
actual expendirures.

Whether these amounts ultimately prove adequate.
inadequate, or excassive will not be evideat for some
ume. One possible gauge is the effect that one
utility’s boaus arrangemeant has on other utiliues’
DSM plans. For instance, if the precadent estbd-
lished for ome udlity leads other udlities o
dpproach the commission with proposals for
bonuses of similar magnirude, and those companues
are showing significantly expanded commitments to
DSM. we might infer that the bonus is sufScieaty
atracuve.

CONCLUSIONS

Each of the three incendve mechanisms reviewed
here dasically meets the goal of overcoming the
disincentives that surround utlity DSM programs.
The most significant differences across the
meclanisms are found in the bonus componeat
which serves to offset the perceived risks of DSM
and provide a ‘pure incentive’ above actual coss.
Mechanisms that reduce the utility's uscertainry
about the receipt of the bogus by providing it in a
lump sum will likely prove more powerful mouva-
tors than those that spread the bonus out over a
period of years. Use of preapproved per-unit or per-
customer impact measurements reduces uncerainty
and thus increases the appareat vaiue of the bonus.
Anpual review of program plans and assumed
impacts, supporied - by continuing evaluauon
activities, minimizes the risk that utilities will
‘qame’ the incestive system Or receive excessiv
rewards. '

¢ hiz ammar emms @ equivaloy incenawe is pu in placs for
o vw NEES reul comparum  For Man Elsctnc slone, i
ROE incremm & 1%
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EFFECT OF THE ERAM MECHANISM ON UTILITY INCENTIVES

Chris Marnsy, Lawrence Berkeley Laboratory, and
G. Alan Comanes, Callfornia Public Utlitles Commission

The Electric Rate Adjusmment Mechanism (ERAM), adopted in 1982 by the
California Public Utlities Commission (CPUC) for the major investor-<owned electric
udlites it reguistes, represeats 2 major departure fom taditional ratemaking.
ERAM removes 2 prior ant-conservation bias by ensuring that the udlity will fully
collect its authorized reveaue requirement iUTespectve of i sales, Over or
undercollectons of reveaunes accrue 0 2 balancing account and are amortzed into
future rates. This mechanism protects the utlity from the risk of sales deviating from
expectations for any reason. Shielding the udlity in this way can confound other
policy actons that assume the unlity faces incendves other than those created by
ERAM. In this papex, it is assunied that encouraging energy coaservation and die-
couraging bypass are both established CPUC policies. A study of special sales con-
tracts permitted between California udlities and their large industrial customers
shows ER.AM establishes udlity incentives that reader these two policies incompat.
ble under aormal regulatory practce. This conflict arises because ERAM guarantess
that any reveaue shoruall arising from a conmact will be made up on saies to other
customers: that is, the udlities are not hurt by signing coatracs &vorable w their

industrial customers.

INTRODUCTION

Revewwe Decoupling. Since the adopdon of the
Electric Revenue Adjustment Mechanism (ERAM)
- by California, the introduction of ERAM-like
mechanisms has beea contemplated by other juris.
dictions (Jones 1989; Moskoviz 1989; and Wed
1989). ERAM removes aa ant-conservation bdias of
tradidonal rate-of-retura  (ROR) reguladon by
guaranteeing that a udlity will collect its authorized
revegue requirement, irrespective of unforeseea
fluctuations in sales. Decoupling of adlity earnings
from sales was only one of the modves for ths
inidal implementation of ERAM. Noably, ERAM
- was intended to boister the financial health of the
adlides. However, the decoupling motive is empha-
sized here because it concerns most jurisdictons
curreatly considering ERAM.
Ana-Conservarion Bias. ERAM tends to eliminate 3
recognized ant-conservation biss in prior Catifornia
regulaton. The bias resuls fom the pheaomenon
that, under pre.198% California regulation, utilities

gain when actual sales exceed those forecast and

vice.versa. This creates an anti-conservation incea.

tve because conservation programs that prove more

effective than anticipated hurt udlity earnings, while
ones that fail denefit the company. ERAM elimi-
nates this incentive by automadcally easuring that
udlitdes collect their emact authorized base revenue
requiremeat over time, irrespective of the volume of
sales. Consequently, ERAM reduces company risk-
and tends 10 keep profis more stable yet maintains
the inceative to cut codts and improve producuwity.

Staus of ERAM. ERAM enjoys wide support in the
industry in California being particularly eathusi-
astcally endorsed by conservationiss (Cavanagh'
1588). The Californis utilides have opposed the
removal of ERAM, and the National Associadon of
Regulatory Udlity Commissioners Eaecgy Conserva-
tdos Committee stands on record as supporung
ERAM-lke ratemaking reforms (NARUC Bulean
1988). However, some members of the Califormua

L e Doy T
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Public Utlity Commission (CPUC) staff have
recommended the eliminaton of ERAM. and a few
policy anaivsis outside the State have iSO expressed
reservagons (Zienng 1586; Sissine 1589).

Paper Goal. In this paper, it is assumed that eacour.
aging eaergy comservation and allowing special
udlity conmacy o prevent bypass are both estab.
lished CPUC policies, and the cases for and against
these policies will 20t be argued. The goal here is
twofold: first, t0 describe the mechanics of ERAM:
and second, 0 examine the effect of ERAM's exis.
tence on the success of the CPUCS special contracts

policy. -

CALIFORNIA CONTEXT

GRC's. Most ROR ratemaking uses a test year
approach. bdut Californis is among the minoriry
- of states that use a furure test year, All test
year parameters used in regulatory proceedings are
based on forecasws. However, wiether or not
ratemaking uses a forecast test vear, ERAM is
applicabie because it correcs for inaccuracies in
forecasts of acrual sales. California regulation aiso
deviates from the norm in that general rate cases
(GRC's) are conducted at regular three.vear
intervals, the two intervening vears being called the
amnzon yeaws. In the GRC the reveaue
requirements of the udlity for the test year are
forecast, and they are, essentially, divided by forecast
sales 10 find the rate necessary to recover the
approved udlity costs, which includes the approved
ROR. Electric udlities collect all non-fuel costs
through this basic process. Ia California regulsdon,
non-fuel coss cover all udlity costs other than direct
- fuel and purchase power expenses. '

ECAC and ARA. Since fuel coss are considered
more volatle, regulators separately calculats a foel
component to rates in annual Eoergy Cost
Adjustment Clanss (ECAC) proceeding. A third
Californis mechanism, the Asridon Rsvenns
Adjustment (ARA, or simply, anzrizion) aliso prevens
a wedge from developing berweea § udlity's costs

and {13 authorized revenus requiremeat betwesn

general GRC's. Artrition takes account of several
specific sources of such a wedge, notbly, inflation,
changes in plant cosws, and fluctuadons in the cost

\

of apial ARA and ERAM work together ARA \
adjusts the revenue requirement and ERAM guaras.
tess 1ts Sollecuon

History of ERAM. Beginning in 1982, a moubled
ume for California’s ejecmc utilides. the CPUC
inroduced ERAM for the major companies, Pacific
Gas and Electric (PG&E), Pacific Power and Light
(PP&L), San Diego Gas and Electric (SDG&E),
Sierra Pacific Power (SPP), and Southern California
Edison (Edison). During the mid-1980's Califorma
udlities achieved comfortable reserve margins as the
Saa Onofre and Diablo Camyon nuclear stadons
ame on-line, son-gulity generaton appeared in
unexpeciedly large amounts. and fuel prices fell
precipitously. These factors considerably weakened
the conservation imperagve (Calwell and Cavanagh
1589, Messenger 1989; and CEC/CPUC 1988). Fur.
ther, some roublesome aspecss’of ERAM surfaced
and, as part of an exensive review of California
elecric ratemaking, the elimination of ERAM was
recommended by the CPUC staff California utlites
and various lobbyisws, howevez, vigorously opposed
ERAM's elimination, and the Commission elected
10 rewin it

ARGUMENTS FOR ERAM

The complexity of the California regulatory process
has led 0 rather cosvoiuted arguments for and
against ERAM that are not easily unwound into 2
neat list, however, following are seven of the key
pro ERAM claims.

L ERAM eliminzes the ditincensive to conservation.
The conservation argumeat holds that without
ERAM, Californis utllities would face two per-
verse incentives with adverse implicadons for
achieving conservation policy goals. First, once
the coss of & conservation program bave beea
added o base ratés, the utility’s best interesw are
served by making the program fail o deliver the
conservation promised In this way, the umlity
recovers the cosu of the yet avoids the
revenns loss its success tmplies. Second, besween
GRC's, the utlity further faces an incenuvs to
- sell as moch power as possidle, virtually irrespec-
tve of the costs of generating it. 1a both ases,
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the reveaue fained from selling a kWH above
the forecast level represents an lmost direct
coatribunon to the company botom line. Coa-
versely, however, ERAM does not reward suc-
cassful conservation programs. [t simply teads 0
make the uulity indifferent t0 conservation.

2 ERAM retains the eficiowy incenove. Under
ERAM, udlities can sull exceed their authorized
ROR by cost cutting. Thus, their incentive to be
efficient remains.

3. ERAM removes the incentive 1o game in forecast-
ing. The incentive to under forecast sales before
2 GRC and promote sales after it particularly
concerned regulators during the late 1970°s and
early 1980’s. By guaraateeing that the utility will
recover its revenue requirement, the inceatve 0
game with sales forecasts disappears.

4. ERAM encourages the flnancial health of the
unlines. The guaranteeing of revenue collections
contributes to the financial health of the utilities
by reducing the variability of earnings. ERAM
not only eliminates the potentially adverse effects
of losses of sales from comservation, it also
automatcally adjusts for many other sources of
sales perturbadons, including weather and the
business cycle,

5. ERAM permiss innovaziveratemalkdng. One poten.
tal source of reveaue variability meris special
mention, namely, the consequences of imperfect
or experimental ratemaking Notice that if the
base rate set in the GRC is incorrex, the
subsequent miscollection of reveaues will accrus
in the ERAM balancing account together with
any other miscollections. That is, the utdlity is
got hurt by ratemaking {naccuracy. As 8 result,
the CPUC has more lattude with ratemaking
ingovations that it did prior to ERAM.

6. ERAM contributes to requictory efficdency. With
regard to both the elimination of the inceative to
game with forecasts, and the elimination of fiear

of inaccurate ratemaking, it merits repeating that

the preseacs of ERAM reduces the conteatious-
ness of regulatory proceedings, resuiting ia soms
savings of administrative effort.

7.Mmch¢q.msabmn&uc
mechanism. Whils being far from fres

administer, this approach cosms considerably less
than alternadve methods of monitoning uulity
behavior.

ERAM MECHANICS

Basic Principie

ERAM periodically adjusts the non-fuel part of
rates, base rates, 1o ensure that the udlity acrually
collects its full authorized revenue requirement
ERAM achieves this parity by mainuining 2
balancing account in which miscollections of
revenues accrue. This accounting procedurs mimics
the conduct of the California Energy Cost Adjust-
meat Clause (ECAC), the fuel cost adjusument
proceeding. Both ERAM and ECAC balancing
account mechanisms address the problem of actual
revenues straying fom authorized levels berween
GRC's. ECAC adjustmenats antempt to account
for unanticipated Quctuatons in fuel costs,
while ERAM accounts for unaaticipated
fluctuations in sales volume. The existence of these
mechanisms together considerably reduces utdility
risk exposure.

Numerical Exampie

 Introduction. The following description leads the

reader through a simpie ERAM spreadsheet model
The exampie shows bow efective base rates might
evolve over time and how ERAM coatrols a utdity's
ROR. The starting point loosely represeats applic-
able aumbers for the Southern California Edison
compazy, bug, beyond the Arst year, the cample is
totally fictivious.

Modal Assumptions. In this simplified eample, the
ratemaking for year ¢ mkes place precisely at the
end of year ¢-], and all acrual data for vear . are
known. [n addition, the following important assump-
tons are made:

L The ERAM rate is adjusted just once a year and
is effective for the eadre following year, as are
the GRC and arrition adfustments to base rates.

2 All customers on ths system are Oon a tarniff
whose bass rats and ERAM balance rate are
ideatical. '
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3. Base operating cosSts are insensitive to sales. That
is. an increase in sales does 2ot imply an increase
in base operaung coss. ThiS is equivaleat to
assurming lat the oaly wncTemeatal cost of
generaung another kWh is the fuel burned.

4. The model is concerned only with base rates.

Results. The full emmple appears in the two pars
of Table L. The upper part demonstrates the rate-
making done at the ead of year r-/, and the lower
part reflects the events that actually occurred in year
t. [ other words, what appears in the upper ares
reflects what is known or forecast at the ead of year
t-1, and what appears below reflects what is known
at the end of year &

Space does ot permit a full description of 'he
mode! here, dut the salient features of ERAM are
easily idendfied The easiest way to undersuand
Table 1 is to work backwards. Focus first oa the
compagy’s bortom lne. [n each of the three years
shown, the authorized ROR on rate base is 12.5%

(line 5). Line 36 shows that without ERAM this:

utility would have actually reported the authorized
rate in only one of the three years, 1990. Everything
works out as planned in 1990 because both sales
(lines 2 and 21) and costs (lines 7 and 27) were
eacly as forecast [If all vears turned out so
perfectly, clearly, ERAM would a0t be necessary.

Look now at the same lines for 1989, In this vear,
sales exceed forecasws. Exactly as ERAM proponeas
claim, 3 significant benefit accrues 0 the company
as the return on rate base is more than two poinis
above authorized (lines S and 36). This represens &
dramatic effect on the company’s performance, givea
that sales were only 2.9% (line 23) abowe the fore-
ast ERAM i designed to eliminate exactly this
powertul effect, and line 38 shows how well ERAM
works. The reported ROR with ERAM in place in
1989 is precisely the 12.5% authorized Further,

ERAM operates symmetrically. If sales fall delow
- forecast, reportad ROR would sdll be exactly as
autborized is this year.

Finally, consider the results in 1991. 1a this year, the
company suffers badly. Flrst, sales are lower thaa
forecast, and secord, operating costs exceed those
forecasts. Without ERAM, the company ROR falls
a devastatng S poiat delow authorized (line 36). Ia

this case, the ROR is not fully restored by TR AM
(line 38). The discrepancy results from the fjlure of
ERAM to make the company whole for the excess
operating costs (lines 7 and 27). While the ROR on
rate base is pot affected by the sales shomfall, it
remains sensitive to deviations in operatng costs.
Heace the claim that ERAM removes the disincaa.
uve 10 conservaton while allowing the company :o0
be punished for ineficiency.

ERAM Operstdon. T undersuand how ERAM
achieves these results, consider the acuvity in the
ERAM balancing account (lines 30 34). Collecnons
above or below authorized accrue in this account
After proper allowancs for interest on the balance,
an adjustment to fumure rates, called here the
ERAM balance rate (line 18) is caiculated and
added 1o the base rate o form an gfecave base raze
(line 19), which is the tariff the customer actually
sees. The inteat is 0 zero ount the account in the
upcoming period, although this goal is never
actually achieved because of the ongoing inaccuracy
of forecasts.

SPECIAL CONTRACTS

Introduction

ERAM was, in part, intended to protect utilines
from the berweea-GRC revenue loss resulting from
successful conservation programs, vet in practice it
protects utlities from sales deviations resulting from
any cause. The all-encompassing nature of ERAM
protection porteads potential conflicts witk CPLUC
policy in some areas, where the CPUC would prefer
10 see the udlities bear sales risk. The emergeace of
special customer coatracys, which are used in
California to discourage dypass, prwidu an dlum-
{nating eample.

Regulatory changes, improvemenu ia a_ogene‘mion
technology, low prices of natural gas and other light
fuels, and cross-subsidies by the industrial rate class
of the residential class all tend to make bypass an
auncive option © largs Californis customers.
Howevez, bypass, it is argued, adversely affects the
capacity utlizadon and fusl miz of utlites.
increases the State’s dependence on imported fossu
fuels, wastefully duplicates the State’s gemeranng
capacity, confounds indusuwy planaing and has
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Tabie 1. Base Case

. {M3 uniass ncted)
hes year (%) -> 1988 1989 1990 99
RATEMAKING FOR YEAR t AT THE END OF YEAR t-1
BASE RATE
1 forecast saies change 0%  10% 20%
2 lorecast saes 'or yeart: (GWh) 83840 TOE99 212
3 auvthonzed inerest rate 8.0% 8.0% 8.0
4 rate base 6000 6304 6430
S authorzeq rate of return 125% 125% 12.5%
6 targeteamings: (4 x ) S0 788 804
7 forecast base coeraing costs including adrtion adjustments 10 183 3749
8 authorzed revenue requirement ; (8 « 7) 42%0 a4 4553
$ Dbase rate int-1 : (e/XWh) 8170 6.192 6.238
10 forecast revenues at current rates : (2 x 9y100 / 25 378 M9
11 torecast revenue shortdall: (8 - 10) 18 n 54
12 Dbase rate in't: ((8/2) x 100): (eAWh) 6.192 §238 6314
13 change in base rais over year!- 04% 08% 1.2%
, ERAM BALANCE RATE
14 ERAM balance end of t - 1 178 131 -5
1S ERAM batancas rate int-1 ! (ekWh) 0304 0259 0.185
16 forecast ERAM revenues at current biling factor : (15 x 2)100 209 183 133
17 torecast ERAM revenue snorttail ; (14 - 16) 3 Cx] 128
18 ERAM balancs rate in t : ((14/2) X 100) ; (e/kWh) 0304 | 02859 Q.18 0.0C7
EFFECTIVE BASERATES
19 eftective base rats : (12 + 18) 5.888 5332 6.054 6.3C7
20 change in sflecive base rate over yeari-1 1.1% 20% 42%
ACTUAL EVENTS IN YEAR t \
GENERAL RESWLTS
21 acual sales in t: (GWh) 68004 70840 70639 7013
2 actual salss relative (o forecast hgher  equal  lower
23 errorin sales forecast 29% 0.0% -2.8%
24 axual base rate rpvenues int: ((12 x 211100) 4374 4411 427
25 actual ERAM revenues in t : ({18 x 21)100) ' -183 131 -5
26 total revenues int: (24 « 25) Q91 4280 &2
27 actual base cperating costs %00 .23 2937
28 actual base operating oSS relative to forecast equal equa hgnef
29 erTor n cperating cox forecast 00% 0.0% S.0%
30 initial ERAM batance &t beginning of t 78 3 -5
31 miscolectionint: (8 - 28) - 131 3
' g encing belance nmuc:m.:&) 1 ..n; g ‘-23
imarest acTved t: , 32 : 1 .
34 ciosing ERAM mm .&'.?ﬁ : m.’:’m , 78 131 S N
EFFECT OF ERAM ON EARNINGS
without ERAM
35 actual eamings : (24 - 27) 87e 788 490
38 actual rate of rewm : ((35/4)x 100) ‘ %  125% 7.5%
with ERAM
.37 actual eamings : (26 « 31 - 27) : R 788 §:¢
38 actuai rate of returm : ((37/4) x 100) 125% 129% 3.t%
Integrared Resource Planning . 5.129



geqative egvironmental consequences. The most
stndeat argument against bvpass, however, is that
the anfls of customers remaning On the system rise
because the burden of fixed cost recovery falls more
beavily on a reduced customer base (MacAvoy,
Spulber, and Stngle 1589).

CPUC policy regarding bvpass in the mid-1980s
was, in geaeral, to disfavor it The CPUC allowed
udlites 0 write special conmacys with customers
that threaten 10 bypass as long as the reveaue
giined from the contract exceeds the variable cost of
serving the customer. [n other words, as long as
keeping the customer by means of a coatract could
result in a positive conwibution to base revenue
requirements, the bypass was considered wreco-
noruc and the conwract approved

This questdon o be addressed in the test case is the
following. Since the California electric utilities are
allowed, or even encouraged, t0 mak: individual
contracts with large customers that threaten bypass,
bow does the existence of ERAM change the effec-
tveness of the contracts policy.

Test Exampie

In this emample, special contracts are signed that
result in lost sales of SO0 GWhy. It is assumed that
the contracs easure that ECAC costs are covered,
and, further, that no rate effects resuit from the
ECAC side. In other words, the full impact of the
contracts appears in the base rate calculations. The
contracts are assumed to provids 20 ¢kWh of
reveaue, insiead of the full effective base rates.

Bypass Casa. First consider Tabls 2 In this tadle,
the rats consequences of allowing the bypass t©
proceed are presented. Notics that no change in
reveaue requirement has bees mads (line §), in
keeping with sssumption 3. Nots that the forecast
does taks the contract into account (line 2). Clearly,
under thess simple assumptions, the remaining
cantomers muRt be worss off because 3 fixed durden
of the revenue requirement is spread more thickly
scoss the reduced sales. Comparing the effactive

base rates in Tables 1 and 2, the ratas in the bypass

case are higher in 1990 in 1991

Contract Cass. Now consider ths econtra® case
presented in Table 3. In this case, conwacs ars

successfully aegouated with the bypassers and tev
agres to remain or the svstem. but at a prefe'eaczi
rate. Companng line 19 of Tables 2 and 3 shows
customer rates are lower if the bypassers are kept
on the system. This comparison demonstrates the
key argument in favor of permutting contracts. 3v
keeping the bypassers on the system, even at
afavorabie rate, the other customers beaeflt vis-g-vis
the situation that would result from bypass.

CONCLUSIONS

ERAM works &3 expected and does indeed shelter
the ality from sales Quctuations, thereby removing
the anu-conservation bias of pre.1982 California
reguladon. However this result is achieved in 2
rather heavy handed manner that achieves the con-
servadon policy goal while potendally confounding
the anainment of others.

[rozically, ERAM appears 10 have come full crcle
with regard to special contracs. The udlity's bes:
strategy, it seems, is 0 mount a costly effort w0
negotiate sales contracts and ensure that these costs
are safely embedded in rate base. The cosw
embedded in reveaue requiremeat will be collecied
by the utlity whatever sales ultimately prove to de.
After the GRC establishing revenue requirement
the udlity should dramadclly cut its aegodaung
effort. Whether or a0t contracts are actually signec.
and at what rates, appears irrelevant The udlity
should just make the minimum effort that will pre.
vent a later prodence disallowance of the conmacs
sales effort. This is exactly the udlity bebavior
towards conservation progams that ERAM was
intended to svoid.
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Table 2 Bvpass Case
_lino ] year (2} -» ‘989 ‘980 ‘991
RATEMAKING FOR YEAR t AT THE END OF YEAR t-1
BASE RATE
1 lorecast sajes change 4.0% 3% 5%
2 forecast saies ‘or year! £8640 70198 71613
3 authorzed interest rate .0% 8.0% - 8.0%
4 rate base 8000 8304 8430
S authorzed raa of retum 125% 125% 12.8%,
8 argeteamings : (4 1 85) 750 788 304
7 forecam dase operanng costs including aTtion adjusimems 3500 63 749
8 authonzed revenue requiremant: (8 :‘3') 4250 4411 4853
9 base rate in t-1 6.170 6192 6.293
10 forecasm revenues at current rates : (2 x 100 4238 4347 4499
11 forecast revenue snordall: (8 - 10) 15 64 54
12 bassratein!: ((8/2) x 100) 8.192 £.283 8.25
13 change in bass rate over year -1 0.4% 1.5% 12%
ESAM BALANCE RATE
14 ERAMBalancs endoft.1 178 +131 2%
18 ERAM baiance rate int-! 0.304 <.25% £.186
16 forecam ERAM revenues at current billing facter : (18 x 2100 208 182 133
17 forecast ERAM revenue shordall ; (14 - 18) 3 (7] 160
18 ERAMbaiance rate int: ((14/2) x 100) : (24/2) 0259 0.186 0.637
ESFSCTIVE BASE RATES
19 eoffective bass rats : (12« 18) §832 6.087 6.23%
20 cnange n effecve Dase rate Over year t-1 : 2.3% 4.9%
ACTUAL EVENTS IN YEAR ¢
GENERAL RESULTS
= 20.a base case saies int 70840 70199 65613
= 200 saies ioss due 1o bypass 0 500 500
21 actual saies int 70640 5899 69113
&2 acual saies reimive o forecast hgher ower ower
&3 error in sajes forecast 9% 9.7% -3.5%
24 actual base rais revenues int: ((12 x 21100) 4374 an 4354
25 actual ERAM revenuas int: (18 x 21)100) 183 -130 . ]
28 toxal revenues int: (24 « 29) 419 4250 4420
27 actual Base sperstng conts s 2 837
28 acual bese opersing costs reistive © forecast equal qual higner
29 error ih operanng cost forecast 0.0% 0.0% $.0%
EFFECT ON ERAM ACCOUNT .
30 initial ERAM dalance &t beginning of t 178 31 s
31 mecotisctionint: (8 - 26) L) 161 133
32 endingbaiarnce send oft: (30 « 31) 119 k. 160
1 interest acxrued cunng t : (avg(30, 32)x 3) -12 - 7
34 cioang ERAM Baiance  end of t : (2 + 39) 131 F- | 167
EFFECT OF ERAM ON EARNINGS
withowt SRAM
38 actual eamings : (24-27) 874 57 457
38 actual ras of retum ; ((35/4) x 100) 14.6% 120% 7.1%
weh ERAM
37 acnual eamings : (280 31 -2 730 i 618
38 actual rame of retum : ((37/4) x 100) 125% 125% 9.6%
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Tabls 3. Contracy Case

__hl year (t) «» 1989 1900 ‘99
RATEMAKING FOR YEAR t AT THE END OB YEAR t.1 ‘
BASE RATE
' forecast sales ShanQe 4.0% 1.0% 2 =,
2 forecast saies for yeart 63840 0899 ~ea
3 authenzed interest rate 1.0% 8.0% 3.5%
4 rate basae 8000 8104 3430
§ authonzed rate of return 12.5% 12.8% 12.5%
§ ‘arget earmings : (4x §) 780 738 304
7 forecast Dass coeranng costs inciuding atrtion adjustments 3500 kvl 3749
8 auironzed revenue requirement : (6« 7) 4250 a1 4853
9 ase rate in -1 8.170 6.192 §.238
10 forecast revenues at currant rates ; (2 x 9100 &8 473 4499
11 lorecast revenue shortfal: (8 - 10) 1§ he< [}
12 basermeint: {(&2)x 100) 6.192 £.238 §.314
13 change in Basae rate over year t-1 0.4% 0.8% * 2%
ERAM BALANCE RATE
14 ERAMbalance end ot -1 178 -131 !
1§ ERAM balanca rate int-1 . 3.304 0259 .88
16 forecast ERAM revenues at current billing facter : (15 x 21100 209 183 2
17 forecast ERAM revenue snordail : (14 - 168) k] () *49
18 ERAM billing factar in t: {(142) x 100) : (242) 0299 L0.188 0.522
FRECTIVE BASE RATES ‘
19 offective base rate : (12 « 18) 5.832 8054 £.338
20 change in effective base rale cver year -1 2% | 4.7
ACTUAL EVENTS IN YEAR t
GENERAL RESULTS ‘
21 actuai sales int : 70840 70699 70113
2 actuai saies reiative to foracast higher egual ower .
&3 efror in sales forecast 9% 0.0% 2.8%
= 23.a sales af the contra rate 0 500 §0Q
= 35 cantract base rate 2200 2°00
= 2e conrac revenues : (2.2 x 22.by100) ) 10 0
= 21.d sales & the full effective base rate : (21 - 22.a) 70840 70199 €361
24 actuai base rate revenuas int: (12 x 22.4)100) 4374 Qan 4395
25 actual ERAM revenues int: ((18 x 2.4/100) -183 -130 o
26 toxai revenuss int: (23.8 « 24 ¢ 29) aNn 4260 “21
27 actual base coersiing costs asoo 823 i<y g
28 actual base operating costs reiative 1o forecast equal sual ngner
29 ermor n ocoernting cost forscant , 0.0% 0.0% £.0%
~ EFFECT QN ERAM ACCOUNT
30 initia] ERAM balancs & deginning of t 178 131 1§
31 macolecton int: (8- 26) L1 ] 151 133
32 ending balance mtend of $: (30 « 31) 119 <) 148 '
33 inerest accrued auring t: (av(30, 31 x J) -1 < 7
34 ciosing ERAM Bajarce st eng of £ : (32 « 3T) : © o134 18 183
EFFECT OF ERAM ON EARNINGS g
withour ERAM ;
38 actusl eamings : (2627 « 228 §74 %7 458
38 actual raze of reeum ; ((38/4) x 100) ' 14.6% 122% 73%
- i ERAM @8e31-20 0 - 616
actual eamings : (20 + 31 -
38 actual rea of retum : ((37/4) x 100) ‘ 12.5% 125% 9.6%
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- Balancing

‘Shareholder and

Customer Interests in
Incentive Ratemaking

This system of rewards for utility efficiency
investments includes elements of customer

. equity, “lost revenue” recovery, and an

" exponential incentive return for shareholders.

. Paul A. DeCotis

o .

i L The Case For Efficdency ductions of 2900 MW and energy

| Incentives . reductions of 15,500 GWh by the

tis widely believed within the ‘ vear 2000. The Energy Plan arges
tory comumnunity that there , reduction potential of 8 to 10 per-

I is far more sconomic potendal for ! cent of projected loads in the vear
demand-side managementand effi- = 2000 based in part on a draft study
dency improvemenss than s :dudmnlmgeﬁm\cvud .
rently envisioned and beng pur- | DSM potential in New Yorkby the
in their most recent long-range ' ther recent studies estimate
DSM plans projectad approd- : peak reduction potential of
mately 1250 MW of peak reduction  more than 15 percent and energy re-
and 1,800 GWh of energy reduction md\nm&npem;omw

: by 2000, while the recenty released im tian of promising

| New YorkSateEnergyPar*en- . DSM programs.’ Planned utlity m-

! courages utilities to implement . vesanents in energy efidency and

| DSM programs which could DM are insuffident to tap this po-

- | tential

achieve satewide annual peak re-




There remain. in ract, powernal
financal disincenaves 0 greater
udlity inveszment in DSM.} '
:oTOrg them are the Dotenaaj for
Zreater than expectec reduczons
in sales and iost prorit potendal
on saies not made as a result of
oSM. U uclices operared under
compengve market conditgons,
thev wouid benave like any other
competcve enterprise and seek
out investnens which had the
greatest potendal to maximize
earnings.’ However, since most
utiity services are monopolistc
and are therefore regulated, udii-
Ses will seek to maximize earn-
ings sublect to the consTains of
that reguiadon.
But the system of edstng regula-
tHor acraally encourages in-
Ceased saies as a means of achiev-
discouragess investnent in iower
cost efficency improvemenss and
SM ovnons which reduce saies.
The iess an economically eficent
level of investment in DSM re-
sources to date may also be linked
to diffculty in providing proper
pricing and value sigrals to utility
consumers.”
.. At the same time, howeve,
' competitive forces in the energy
. marketplace are ceating new eco-
. NOMIC imperatives to lower costs
: and improve customer relations.
" To encourage greater utility in-
. vestment in energy efficency and
DSM. there may well need to be
an oppartunity for utility invest-
. ors to prorit from effidency invest-
© ments==to make the profitona
‘kilowatt-hour saved equal to or
- greater than the profit on a kilo-
watt-hour consumed.*

Fortunateiv. :: appears he objec-
ave of lowering customer Sosts,
while :mproving snarenoider

| earmungs, mav de accornplished

ov reaiigning reguianon 0 en-

courage capital invesgnent in

lower cost resource opaons.
Re:cgmz;ng that eiecnary serv-
ice can be satisded througn ei-
ther new’ suppiv or demand reduc-
tons, policvrnakers are comung ©
believe that both tvpes of udlity -
vestments shouid be agorded com-
parable opportunity to provide

To encourage greater
utilit investment in
energy <Hiciency, we
may need to make the
profit on a kilowatt-
hour sazed equal to or

- greater than the profit

on a kilowatt-hour
consumed.

~

earnings. This implies that the role
of regulation should be to provide
proper incentives for utllities to in-
vest in the most economically effi-
dent alternatives.’

IL A Proposal for Reform

The remainder of this article fo-
cuses on a three-part proposal the
author devised to encourage utili-
ties to channel capital into lower
cost efficiency investnents. This-
proposal was submitted before
the New York State Public Service

Comuussion in procesdings in.

¢ Udlines, nc. and Niagarz Mo-

voiving Orange and Rocikiand

fawk Power Corporanor, whyes
2amuined raemaKIng ang ingen-

~ 3ve mecharusms 0 Dromote ieast-

¢ost pianning and demanc sice

* maragement.?

The froposai was not adopted

* by the Comurussion in. that oro-

ceeding, the Comsmussion having

. oprec for now to adopt simuiar

| proposais orfered by the ualitv

- pardes. However, the Comumus-

| sion spoke favoraply of the ro-

; posal and may vet decide

. adopt SUCh an approach in subse-
. quent proceedings. Inany case. !
- commend it to the artendon or e
_many furisdiczons which are con-
| sidering reguiatory reforms to Ser-
i ter encourage ieast-lost, ensiron-
. menally benign energy piannung

A. DSM Cost Recovery
drst part of the Droposal -
quires that OSM-reiated o5

. be classified and allocamd bv de-

Tand and energy charges agoss ail
CUSIOMETS iN 3 DAnne consistent
with current rate design pracaces
for supply nvestments. As with all
utllity apital st or epensés, the
appropriate accountng and rate
Tetment requires that cost outlavs

 match the receipt of benefits. E5i-

cency-related costs should be recov-
ered over the life expectancy of the
benefits. Capacity reductions, like
apadty additions, benedt all
customess by ensuring the availabu-
ity of adequate supplies to meet
customer sexvice needs. Moreove,
sociera] benetits of reduced fossil
fuel dependency, reduced air and

water exnissions, and improved




in proportion t their service needs.
Cors'mzm with fundamenal

princples of rate design, in-
vesumenss in revates or fnandal in-
cengves for eicent appliances, effi-
qery lighang and efficent HVAC
shouid be allocated on the basis of
coincdent demand requiremnents
and energy use Of each customer
cass,

Costs associated with reduced
capacty needs should be afforded
rate base treatment similar to
costs associated with capadty sup-
ply, with commensurate return
for prudent invesaments.

Noting the validity of the vari-
ous intervenor and udlity argu-
ments in faver of amortizing or
expensing DSM related costs, the

. Comumission has deemed it desir-

able ' fain experience with vari-
ous approaches to DSV cost re-
covery before any one is adopted
as standard practice in New
York. !

[n its order relating to Niagara
Mohawk and Orange and Rock-
land, the Comunission provided
these utiiites latitude to recover
program costs in the different
manner each had proposed. The

. Commission’s order notes, how-
. ever, that Orange and Rockland

has since statad it would accept
amortization of program costs

* over the period of vears coindi-
. dent with receipt of program sav-

ings, while Niagara Mohawk
would expense and recover DSM

" costs fom affected customer

classes in proportion to its savings.

B

B. “Lost Revenue” Recovery
The second component of the
proposal requires that utilities be
allowed to recover lost revenues
associated with greater than ex-

~ pected reductions in sales result.
' ing from efficency investments.

Lost revenues should not be con-

. sidered 2 “cost’ in an economic

sense but more a temporary un-

~ derrecovery of embedded costs.

Utilities should be
allowed to recover lost
reveniies associated
with greater than
expected reductions in
sales resulting from
efficiency investments.

Recovery of such costs should be
permitted nonetheiess as a means
to overcome perceived disingen-
tive to etficiency investmens.
this end., the proposal recom-
mends that revenue “losses” be

' recovered in a manner that best ap-
" proximates the method under

" which those revenues would be re-
" covered under taditional ratermak-

ing. For lack of a better interim dis-
tribution, they should be recovered

| acoss all customer classes.®

There also remains some confu-
sion regarding lost revenue recov-
ev. [n the minds of some utility
executives, “lost revenues” is
@aken tv mean lost earnings op-

portunity, in the sense that sales
once lost will be lost forever. | de-
fine lost revenues more conven-
tonally to refer to the underrecov-
ery of fixed costs between rate
ases. There is no guarancee :hat
saies once lost are [ost forever,

. and in any event DSM invest-

Ments free up energy and capac-
ity which can be resold to other re-
tail or wholesaie customers. Thev
may aiso wish t do so to avoid
eXCess reserve MArgin penaites.

range and Rockland and Ni-

agara Mohawk. having de-
fined lost revenues in the conven-
tonal sense, were allowed by e
Commission to use their own sre-
ferved methods of recovery en an -
berim 12-month tasis, pending -
view of other New York uality
proposais and an evaluagon ct e
effects Of their own recovery
schemes. Orange and Rocidand
nad proposed ‘o rezover iost reve
nues through an energy charge
acoss ail cusomers, while Nagaz2
VMohawk had proposed o recoves
lost revenuss oniy Som parccrar-
g custormer Casses.

C Incentive Proposal

The third component of this 7
posai requires that an incenave
rate of return be applied 1o rate
based edficency and DSM invest
ments. The incendve mecharus:
is designed to reward udlites ‘o

. effidency investment and to sat-

isty several fundamenaai oivec-
dves. These include: (1) reiacns

. incengve retuns o measurec

source savings: (2) encourarng
vesgnent in the most cost-erec-
tive resources tirst (3) tAng
retvard to reduction targess:

The Elgcrmeny ot



(4) penalizng ualiaes for zoor
performance; (3) encouraging
long-term efficent allocaaon of re-
sources; () sagsfVing customer
and snarenocider nteress; and

(7 being easily understood and
implemented.

The recovery of an incendve
rate of return should be provided
on investments actually made
and based on measured resource
savings, triggered by actual re-
sults in meeting reduction ar-
g=ss.”? This resurn would be ted
to the savings realized per xXW
and kWh as measured by a total
resource cost test.”* The incentive
return would be calculated oy
muitiplying the percentage sav-
ings assocared with investng in
D[ as compared with the
avoided supply alternative, imes
the base return on equity.

For example, if an esicency in-
vesament is one-haif as costly as
the avoided supply aiternadve
(representing a 50 percent re-
source savings) and the utilities
* base equity return is 10 percent,
the incentive porton of the return
would be 5 percent, or 500 basis
~ points. The incentive return

would be applied to the rate

based DSM investnent cost. -
’ company would be permit-
* 1 ted 100% of the incentive return
' onlyif it mee's its expected rechuc-
. tion targess. The incentive would
" be reduced exponentially for any
- shortalls in meeting reduction ar
g
. [fonly 30 percent of targeted

DM reductions were achieved,
meaning that for an eguivalent
MW block. cost savings @il o =5
percent. the proposal would re-

duce the available incentive © 63
percent of the equuty retur (fom
50 percent of the vase equirty re-
turn) represenang 25 percent of
the 25 percent resource savings

percenage.

address the preolems inher-
ent in measuring DSM savings

- and evaluating DSM reiiacility

ensure that ‘argers are mez. Orange
measurement and evaiuagon ci-
tevia for each of its DSM programs.
The Commission has allowed Niag-
ara Mohawk and Orange and Rock-

land each  desne res tesource sav-

! ings Jifferendy tfor the calculason of

| the ncenave. One inciudes envi-
ronmental externalites as a cost and
one does not Moreover, one ex-
Sudes Sustomer oSS as an eco>-
nomic Cost of Sringing the eficency
improvemer: © market. while the
other inciudes this st

OL The Incentive Proposal

in Practice

Table 1 presents background Z¢g-
ures {or the incengve rate of re-
turn calculadon. Tabies 2 and 3 U-
lusrate how the incendve rate of
rerurn would be appiied. The ir-
cendve is based on a caiculadon
of the difference between the cos:
per kW or k'Wh of avoided sup-
ply and the cost of DSM. inciud-
ing boch udiity and customer
costs. The size of the available in-
cengve is limited by DSM savings
calculated as a percenage of
avoided cost as illuscated in
Table 1. The greater the savings.
| the greater the incengve retuwn

TABLE &: Incentive Retumn Proposal
Avoided Cost and DSM Assumptions

(Thousand 1989 Dollars)
Projectad Load Reduczion 50 MW
Avoided Capacity Cost 46 pe MW
Avoided Production Cosss' S1367 per MW

Total Avoided Cost 5110430
D5M Resource Cost 525 pe MW

Total Cost 51625
Net Resource Savings $54.400

% Savings 853%

1. , . -~ L or 30
Mmmmavwdgmmmmmmmmgsm.
vears. which assumas 3 X-vear operaang and deprecabie life of the sucpiv faclices ‘
CSM invesemant 3 assumed © have 3 10-vear operaang and deprecadis life and,
amer rusal insollment. 13 rEDiaced Dwice fOr equal present vaiue cost

Durerpe= 1959



both in apsolute dollars and as a

| percentage of net resowce savings.

~ The edfect of this incendve
mechanism should be to channe|
investment doiars inw the most
. cost-effecive DSM opportunities
- availabie, by providing grearer in-
cemental investment resurns on
the most cost-etfective USM op-
tHons. The incentive return would
. decrease as the marginal cost-
effectiveness of DSM deceases to
the point where marginal DSM
cost is to equal to the marginal
savings.
Prudent DSM invesanents, rep-
. resenting a good faith effort to
- achieve results would be recov-
ered regardless of performance
but with a signifianty reduced
| incentive if target levels were not
achieved. The basis for determin-
ing the leve! of incentive would
~ beavoided cost estmates for new
. supply additions and invesanent
. in DSM programs.™
. The incendve return inceases
the return on the equity pordon of
apitl investment. To calculate
the rate of return on total invest-
ment, the incentive return is
- weighted by the equity portion of
the rate base. For this analysis we
.assume the return payable without
the incentive would be 125 per-
cent for equity and 10 percent
overall
numbers appeasing at line 1
of Table 2 represent the
levelized return an DSM invest-
- paent in rate base (the §16250.000
gure fom Table 1) over an as-
. sumad 30-vear investnens life. As
can be seen on [ine 1, the otherwise
allowable equity return of $3.189

million (calculated withnut an incen-

tive rate of recurT Ouid potengally

| increase by as much as 2.7 mllion.

or 1070 basis poins, with the nncen-
tive. This ganslates int a 48« basis
point increase in the otherwise al-
lowabie total rate of recurn (debt
and equity) of 10 percent.

nall the DSM invesanent might

be provided a maximum equity
rerurn of 232 percent and a maxi-
mum overall requrn of 14.3 percent.
These are stunningly high levels of
prodtability. Note that, aithough
the company may te eligible for the
maxdimum ncengve on D&M inves-
menss, it need not ke it all partcu-

lariv if it faces compestve pressures
. incentve return could exceed '2C

to keep rates low.
If the company dces not reach

its expected reducton targets,

' however, the incentive rate of re-

turn is decreased exponentially as

" illustrated in Table 3. Table 4 as-

sumes that actual reductions are
50 percent of the Sguure projected.
The maximum equity incentive re-
turn would then drop 800 basis
points (from 1070 to 270, or 75 per-

" cent) for this assumed 30 percent

~

reducsion in energy savings. U 30

. percent of the reduczion porenzai
. s achieved, only 30 percent of she
. percentage resource savings

- would be allowed as an incenave:

thus the overall rerurn on mace
base wouid drop Fom 14.3 zer-
cent to 112 percent and the oz szwey

. return would drop from 232 per-
. centto 132 percent. Likewase, i
. actual savings exceed targeted

savings, the maximum incencve

" could incease.

In fact, if actual reduc=crs ex-
ceed targe: and ner resourcss sav-
ings for the larger MW bicck re-
ducton exceed 100 percant. the

percent, so that the equiry rerum
on DSM investnent couicd =ere
than double.

ven if invesgnents produce o

energy savings, utiiices weud
be graneed recovery or ther oru-
dent DSM investmens. However.
if invesanents in energy esicenc:
are not made where the Commus
sion has identified costececzve or-

~ portuniges, utlides could ace sl

TABLE 2 Incentive Return Proposal
% of Target Reductions Achieved
($ 000

Returnon vestmwent

(w/o Incentive)”

Maxiswm [ncentive Return
Maxizum Allowabie Return
Percentage Base Return
Basis Point lcendve
Return on DSM [nvestment

Total Rate Base  Equity

$5.619 189
2521 27
$8.340 £3.910
10 125
54 1070
14.3% B2

t

l.\mma&.v’eqmry‘:p\nhammnzs equaty cose amd 3 10% overadl

renurn on rae base,

Thw Slevmmeisy ou



fepruTands or financal penalties.

[V. Advantages of the Proposal

T'h.i: approach o providing in-

Ceased earnings opportunity
0 uziites ‘would encourage aggres-
sive depiovment of resources that
result in actual savings, as opposed
to simpiy providing an incengve o
spend money. [t would aiso encour-
age insallation of the most eficent
equipment rst the lower the cost
of the eficency improvement. the
greater the percenage dollar and
sharing of net resource savings as
an incendve. Since the method em-
plovs a 'oal resource cost test, it
produces an incentive rerurn pro-
pordonal to the extent the invest-
ment is economic Tom a soceal
pespecive.

This approach has several dis-
tinguishing characteristics:
—7Vith the size of the incentive

ted to the amount of actual

measured resource savings,
utilities are encouraged to
mee: or exceed reduction ar-
ge's and overcome customer
and other market barriers to
invesanents in edicency. Tar-
ge's couid be adjusted annu-
aily or established initially.

|
|
|
'
|

TABLE & Incentive Return Proposal

50% of Target Reductions Achieved!

Return on DSM [nvesanent
{w/ o [ncenave)

[ncendve Return
Allowable Return
Percentage Base Return
Basis Point Incentive
Return on DSM Investment

($ 000)

Total Rate Base  Equity
$5.619 83.199
%679 $679
$6.298 55.868
i0 123
13 =
112% 15.2%

L Assumes that reouree savVings also alls by 50%. DSM cost uke-up energy anc a-
FACIY 03T Are assumed 1 08 563450 iMpiyng 1 net mesowrte savings of $47 200 or
<2.7%. [ncendve renan equals 50% of resource savings or 21.3% of base eqwity aare.

—The incendive retur in-

Ceases as the percenage en-
ergy savings increase, both in
absoiute dollars and as a per-
centage Jf net resource sav-
ings in the context of shared
savings.

~—Good pestormance is re-

warded and poor pestor-
mance penalized, but once
determined prudenc. thereis
a Soor under downside risk
with recovery of the ef-

TABLE 3: Sliding Sale Incentive for Efficdency Investment

%of Target Achieved Premium % of Maximum

100.0%
56.3%
25.0%

6.3%

cdency investnent at least,
and the possibilitv for a re-
turn acove the normal return
on investment
—investnent in the most aes-
tive resource options is en-
couraged up to the point
where the margiral benerit
equals the marginal cost of
* additional investment.
—The udlity has the lexibility
to balance customer and
sharenoider concerns when
incorporadng the incentive
_rate Of return into rates, -
which couid particularty ben-
efit udlides consronting com-
petidve threas.

~ =The method is easily under-

stood and could be relagveiyv

easily implemented.

aits Opinion 39-29, the New

York Comumission characterized
this particular incentive proposai a5

being “by . the most well-devei- ()

oped” of the aliernative DSM incen-

Decomper 1999
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T verse TNpact on CUSIOMES Or share-

! tive proposals submutted. [t further
; noted that Orange and Rockland
! had stated that it would not oppose
the proposal were its own incenave
. propcsal not adopted,
" The Commission wenton to ac-
. knowledge that this proposal
+ provides for (1) a recurn on
DSM invesanent (defined as
total resource costs) equal to a
utility’s overall authorized re-
turn; and (2) a common equity
return premium based on the
extent to which program re-
suits (demand or energy sav-
ings) meet program targe's es-
@plished in annual filings
submitted to and approved by
us. The madmum premium
wouid be eaned when
achieved savings equal or ex-
cesd 100 percent of target sav-
ings. The premium would il
off exponentally as achieved
results fell below the arget. ...

I:anampnottomiao-m
ge the utlities, the Comumission
has been reluctant to adopt any one
partcalar incentve scheme forall
_ of the udiiies. Instead, ncentive
" proposals of Corsolidated Edison,
Central Hudson Gas and Electric,
and New York State Electricand
Gas will be reviewed and com-
menied upon by the Commission
by the end of October and peshaps
decded by year-end.
Al some point aster initial oper-
ating data under the different
schemes is in, the Commission

V. Conclusion

Electric udlities are Anding it in-
creasingiy dificult t© mainain ex-
clusive domain over customer
end-use product seleczon. due *o
diminishing produczon econo-

: mies, compeation Tom seif-gener-
© ation, and increased compentive-

ness of alternatve fuels, To

. regain the compeddve edgeina

changing energy marketplace,
utilities must strive to lower costs
of service and diversify product
mix. This requires that they re-
duce total costs o improve com-

to satisfy differing customer sexrv- .

ice needs, and redirect investment
to the most economically efficient

. resource options having the great-
' est earnings potendal

H
L

could decide to sandardize iy ap-

proach to incentive regulation, as
well as DS cost recovery and
lost revenue recovery.

foster this move, sevenl
changes (o edsting ratermaking
polices are warranned. Taken asa
reform package, the three-point
plan oudined here would satistv
these objecdves with little or no ad-

!

holders and creace mstead 2 wm-
win situadon for both customess
and sharehoiders.

Voreover, since the incencve s
ted to measured savings anc
capped at a maximum level =z
tes would be encouraged o seek

_ out investments which reduce

total cost of service with the g-eat-
est OpportuNILy OF fucure earn-
ings, just as they would in a com-

! petitive marketplace.

e ime has come to move r-
ward with regulatory rerorm

- by impiemendng iogicai and corsis-

tent changes o edstng amEmacns
Fracticss 50 as to encourage opumal
levels of aality investnent in .ow
cost eficency. The three-come zia=
presented here could provide a
major impetus o utlity inves:-

. mens i costefecsve eficenc o

providing greater earnungs ovrert-
nities in a changing energy markes-

_ placs

- Footnotes:

L In an effort to spur adlity actennicn

. to eficency 1n integrated resource

. planning, New York's Public Semvice
. Comuzusson lase vear directed the

_ swute’s utilities o focus on the roie 2:
~ conservanon and DSM in developing

.o A ————— —— —— —— — . -

their long-range integrated resource
plans. Annual DM plans wiuch ze-
ail planned expenditures, energv anc
apadty contributons, and nmung ot
progran implementaaon necessas
achisve reduction arges are recuute
to be dled with the Comzussion as
well.

2 Exscutve Order No. 113, issuad ™
Governor Cuomo on Decemper 23.
1988. establishwd an energy piarning

' process tor the surpose ot deveiot:n
. a smtewide integrated energy rescull

plan ithe Energy Plan). The Evecin:

" Order directed that this plan Se Jeve

opwd iointly by the State Energy O

Tiw Elecrmery 2



nce. he Devarrment ot Pudlic Servace
and the Depactment of Enviroamental
Conservanon, with input Tom other
private and pubiic ennintes. The an
was ssued :n Oc:ober 1989,

3. Amendin Jous., iaran Snergy B
ficvent Sconomy, The Potennal ror Elec-
v Conservanon :n New York State
(unpublished drart report for the Niag-
ara Monhawk Power Corporanon and -
the New York State Energy Research
and Ceveiopment Authoney), Fepru-

arv 1989. ‘

4 ALLLANCE TO SAVE ENERCY.
DESICNING AND EVALUATING
DSM REBATE PROGRAMS: ANALYT-
iCAL TOOLS AND CASE STLDY AP
SLICATION (1988): AMERICAN
COUNCIL FOR AN ENERCY EFFI-
CENT ECONOMY, ACID RALN AND
SLECTRICITY CONSERVATION
{1987,

5. S¢e. 2.3.. 5. Weil, Making Sicceme 24-
ciewy Proncasie, PUB. CTIL FORT..
luly 6, 1989,

6. [n compeative markes. investnens
provide an opportunity for prodt et
ther by lowering production costs or
increasing sales. [nvestments promus-
ing lower production costs make a
iirm more Jompenave for 2 given
level Of saies. [nvesomens promusing
the greatest percentage return or oOn-
Tbunion :0 varrungs would aiways be
., selected drst.

’

T der. s ¢ R Cavanagn, Responsibie

, Puwer Murceting in an (nereasingtv Come
| pentive £qa. 5 YALZ |. ON REC. 331
11988,

3. An .ncentive teTumm 1pProach waich
2epends on inaexing 2t sality persor-
mance. suca as that agvocated bv ror-
. mer Mawne PLUC commussioner David
| Moskowitz. 1s one of manv schemes

| now emerging to reward unlices for

5 umproving efficency and lowenng
costs of service See. D. MOSKOVITZ.
PROGRESS AND PROFTTS )
THROUGH LEAST-COST PLAN-
NING .NARUC: (1989

i 9. To the excent that ail costs can be in-
| termaiized. including tnvironmental

| costs, an opnmal inves=nent porTviio
{ wouid be relaovely ¢asy © achieve

I when the obiecsve and sonstraints can
|

!
!
!
[

be agreed upon.
10. Swe 2ases 39--041 and 39-2-17%, in-
volving Orange and Jockiand and Ni-
agara vonawk. The proposai has
| been resubmitted in suTuiar proceed-
ings relating to Consoiidated Edison.
New York Sate Electnic and Cas. and
+ Qencral Hudson Gas and Eleczic
| which are now betore e Commussion.

-~ 1. See. 0.8.. Compussion Cptruen and
' Crder 39-29. Approvirg emand-

. Side Management Race incentves and
t Esapiishing Further Procseding, ls-

i sued and Ziecave Swptember 12, 1939,

|
]

12, [f revenues are secovered rom
only one customer 2lass or aniv =areeic:

panng Sustomaers, the sotensai exises

for economucally ineificiens :nves:- .
ment deanons. TR ould semir
when .08t fevenues 2ius a
PACTCSANt's OWn COSS exceed mar-
ginal revenue 'bill savings) or ecuce
customer pavback. rendenng stner.
wise costerfective OSM uneconomic
o paracpanes.

13. Such an incentive can easilv e ap-
plied ‘o any operanng eficency :n-
vestment decsion, though the
discussion here us limited to0 ersiciency
and DSM investmenss oniv.

4. Kiowatt-hour reducnions mav se
more valuabie than ciowart sequc-
aons. due to associated seducnon :n
environmental externaiites.

15. The New York Comnussion s
stated that no genenc acon i war-
ranted a¢ this sme. avoring examina-
Zon of issues of measurement anc
reliability of DSM savings on 4 :ase-
bv-case basis.

16. A utlity couid aiso subsarize :=e
average Cost Of WInTUNgG I1as (Cr new
suppiy-side capaciey from i ast 2a-
Pacity aucon, or use the avolges o8¢
esamate Oof 4 new supDiv addinor.

7. 4., aom 11, Cptnion and Creer
No. 3%29 at 69.

Utdiry exevutrves are Segnnung ‘o discver Yt duze may be incrassad profits. &5 well us girtue, at ‘ocusing on Hue Lemand-suie.

Devomine (399
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North American Water Office

P.O. Box 174, Lake Elmo. MN 380423 (8132) 770-2881

December 5, 1990

Legislative Proposal for Electric Utility
Financial Incentive and Rate Design Restructuring

No electric utility serving more than S0 meters in the State of
Minnesota shall be allowed to apply for a rate increase, construction
permit, certificate of site compatibility, installation permit, or
facility permit modification unless the applicant utility operates
with a rate design containing financial incentives that reward
efficient, rather than increasing consumption of electricity.

To qualify for the above applications, the following financial
incentive characteristics must be contained in the applicant utility’s
rate design:

1. Utility earnings are tied to conservation, rather than energy
sales. .

2. The utility will not increase earnings by selling more
electricity.

3. Utility earnings must improve, rather than decrease, as the cost-
effectiveness of the utility conservation investment improves.

4. The performance, rather than the amount, of conservation
expenditures is revarded.

5, Market forces and entrepeneurial initiative, rather than program-
by-program regulation, drive the utility’s conservation effort.

Aftachmant
7




Policy Forum

Are Radiation-Induced Effects Hormetic?

SHELDON WOLFF

he onginal definition of the once obsolete word hormesis

came to us from pharmacology, and meant a stimulation -

brought about by a low-level exposure to a substance that
was toxic at high levels. In recent times, however, the word has been
tesurrected and the definition has been modified to refer not only to
a sumulatory effect but also to a beneficial effect. In other words,
hormesis now connotes a value judgment whereby a low dose of a
noxious substance is supposedly good.

Although onc cannot deny that hormetic effects can occur with
pharmacological agents, the situauon is much less clear with ioniz-
ing radiations, which produce random lesions within cells. The
amount of energy deposited by low doses of radiation is just two
small to bring about the physiological effects that couid lead to
sumulation. The reason for this, of course, is that Avogadro's
number is so large that, even though the molar concentration of,

Vs an enzyme in a cell is small, the cell still will have a very large
.mber of identical molecules necessary to carry out i proper

Aabolic function, which thus will not be affected by the destruc-
ton of a small percentage of the molecules. Consequendy, to
account for the effects of low-level radiation, it has been necessary to
look for a system within the cell that not only is sensitive to
radiation, but also is capable of magnifying an individual lesion so
that it can have a physiological effect. The genetic apparatus, the
genes and chromosomes in the nucleus, represents just such a rarger
for radiadon. Radiation can induce mutatons, occasionally by
inducing some random base changes, but mainly by breaking
chromosomes, which then can result in the broken pieces being
deleted or rearranged, and these effecs can have a profound
influence on the cell. '

The usual experiment on the genetic effeco of ionizing radiations,
however, has shown that the effects induced, rather than being
hormetic with a beneficial effect, are deleterious (). This has been
" shown in innumerable experiments in mutation in which it has been
fuund that radiadon-induced mutations themseives, unlike sponta-
neous ones, are, indeed, usually deleterious. That this should be 20 is
not surprising, in that all living organisms are the result of eons of
evolution in which they have been selected w fit their proper
ecological niches. Any random mutational then would be
expected to change this fine balance and decrease fiess. With
ionizing radiadon, in which most of the induced mutations are

problematcal, in that the deleterious effects of radiation would be
Terent in each cell and, somehow, in the absence of srong
xction (these are low doses after all) the effecs would have o be

The author 13 professor of cytogencocs and direcvor of the Laborstory of Radiobsology
gmmMUmdw-thth
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translated into a repeatable beneficial effect for the whole organism.

The field of hormesis is replete with sporadic reports of unrepea-
able beneficial effects being brought about by irradiation, Perhaps
the greatest profusion of these reports came out of the Soviet Union
in the late 1940s to early 1950s, in the era of Lysenko, dunng which
there was a severe repression of modern Mendelian geneucs. For
reasons of political ideology whereby the state could change the
environment and thus ameliorate man's (and other organisms’)
condition, the whole basis of modemn genedes was suppressed.
During that ume, numerous reports appeared in which plants
changed morphology, matured faster, grew bigger, and so on, If
they had been irradiated. Unfortunately, when these experiments
were repeated with proper scientific controls outside of the Lvsen-
koust sphere, the results were not found to be reproducible in any
systematic way (2).

Although these theoretical and observational reasons speak
against any hormetc effecs of low-level radiation, recent expen:
ments raise some questions regarding the possibility that, under
some conditions at least, repeatabie effeces might be found. Among
these is the observation that under srong sclective pressure, bactena
appear o respond w a change in their environment with the
producton of new mutations related to the change (). This observa.
von, which on the surface smacks of Lamarckism, might have a more
conventional interpretadon that involves a general error-prone
DNA repair with a concomitant sclection of only those mutants that
are capable of coping with the selective environment (4).

The other experimenns consist of the repeatable adaptation of
human lymphocytes (5~10) and V79 Chinese hamster cells (17) to
low-level radiations from tridated thymidine or x-rays, which then
makes the celis less susceptibie to the induction of chromosomal
damage by subsequent high doses of x-rays. This phenomenon lasss
for up to three cell cycles after the cells have been preexposed to
doses of as little as one-half rad (0.5 cGv). The response is induced
by radiadon and other agents, such as alkylating agenes, bleomycin,
or oxidative radicals, that produce breaks in DNA, and is negated by
the inhibition of poly(ADP-ribosyl)ation, which itself is induced by
DNA breaks. This adaptive response has been attributed to the
induction of a hitherto unknown chromosomal break repair mecha-
nism that, if in place when the cells are subsequenty exposed to high
doses of radiaton, can repair much of the initial damage and leave
the cells with only approximately one-half as much cytogenetic
damage a3 expected. The response has also been found to take 4 to 6
hours after the preexposure to become fully operational, and it can
be inhibited by the procein synthesis inhibitor, cycloheximide, if it is
present for this 4- to 6-hour period Presumably, the enzymes
necessary for the repair are being synthesized at this tme and,
indeed, two-dimensional gel analysis of protein extracs from lym-

(Comtrmurd o page 621)
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Policy Forum -

On Radiation, Paradigms, and Hormesis

LEONARD A. SAGAN

possibilicy that very low doses of ionizing radiation may not
be harmful after all or may even have net benefits, a
phenomenon known as hormesis. Many studies (but not all) show
that laboratory animals exposed to low doses of radiation outlive
unexposed amimals (1). How «ould this happen? DNA damage
occurs commonly as a result of normal metabolic processes as well as
from exposure to environmental mutagens. Whether the outcome is
harmful depends on the dynamic balance between damage and
repair processes. A net benefit can result when protective responses
to low-grade exposure more than compensate for the harmful effects
ot the radiation. For example, 2 major cause of radiation injury at
tugh doses is thought to result from the production of free radicals.
‘Feinendegen et al. have shown that free radical scavengers increase
after low-dose radiation, possibly to a greater extent than that
necessary to neutralize the radicals produced by the radiation (2).
Tlus increased production of scavengers might increase cell defenses
aganst free radicals that resuit from exposure to other environmen:
tal mutagens or those produced by normal oxidative metabolism.
In other work, Wolff and colleagues have found evidence that
DINA repair may be enhanced by low doses of radiation (3). This
suggests another means of protection. namely, that radiation-
cxposed DNA may be more readily repaired after subsequent ex-
posures to mutagens. One study demonstrates that enhanced DNA
repair cxists in workers occupationally exposed to radiation (4).
Third., radiation-induced cell death samulates cell reproduction as
2 homeostatic mechanism that maintains cell comparument size.
Accordingly, Kondo has suggested another possible response to
low-level stimulation, namely, that immune cell production may be
enhanced by low-dose radiation () Evidence for increased numbers
of lvmphocytes in laboratory animals after exposure to low-dose
. radiation has been presented by several investigators (6-8). Whether
_ this immune enhancemnent results from direct effects on lymphatic
tissues or through stimulation of central neuroendocrine regulatory

mechanisms deserves investugation.

Epidemiological studies of human populations exposed to rels-
tively low doses of ionizing radiation have not shown the existence
or absence of low-dose effecs. For example, the studies of populs-
tions living in areas of high natural radiagion have not
shown any increase in adverse health effects (9). In the sbsence of
observable effects, it has nevertheless been assumed that low-level
exposures produce the same harmful effecs as those seen at high
levels of exposure, but with lower frequency. This assumption has
become the accepred radiaton paradigm, justified on the basis of
prudence, and on certain laboratory observations of mutagenic
effects of ionizing radiation at relatvely low doses. Beginning in the

Three lines of inquiry have recently raised the surprising

The author « with the Elevtng Power Reweanch lnsaruee, Palo Ao, CA 94303,
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1950s, fear of genenc effects, together with the associated “target
theory” of radiation injury, have continued to dominate radiation
protection thinking. As a result, substantial efforts are made to
reduce or avoid small exposures, even exceedingly small exposures,
to workers and members of the public., '

In more recent vears. accumulated experierce has tended to
reduce fears of the mutagenic effects of low-dose 1onizing radiation
Direct observations of mutagenesis in human populations have
shown humans to be one-fourth as sensitve as expected from
previous indirect estimates based on rodent studies. Furthermore,
although some findings are suggestive, genetic studies of survivors
of the atomic bombings have failed to produce statisucally signifi-
cant findings (10). Finally, while radiation damage to DNA was
once thought to be irreparable, and radiation uniquely dangerous,
we now know such damage from a greac variery of agents to be
common. We also now recognize the remarkable efficacy of DNA
repair mechanisms (11). Because of these protective mechanisms.
DNA appears not to be fragile, but highly resilient.

An alternative model in which low-level ragiation is'not harmtul,
but could under cerrain circumstances produce net benefits, s
plausible. The stimulatory effect of low doses of a wide vanerv of
chemical agents on the growth of organisms had been noted bv
Hugo Amdt and Rudolph Schulez, German biologisss, in the 19th
century. They considered the phenomenon to be universal. More
recenty, these carlier observanions have been extended to include
increased longevity of animals exposed to low doses of agents toxic
at high doses (12). In 1940, the term “hormesis™ was coined to
describe this samulatory effect. In 1979, Luckey collected some
1200 references supporting the existence of hormetic effects from

" exposure to low doses of radiation (1J). Much of this literarure was

reviewed at a conference held in Oakland, Caiifornia, in August o
198S (14). The proceedings of a second recent conference on low-
dose radiation and the immune system are also available (15). At
neither of these meetings was 3 consensus reached regarding the
existence of hormetic effecs; however, there does appear to be 2
movement away from an attitude of general skepticism to onc ot a
new willingness to consider the evidence.

Although it may be premature to revise public health policy on
the basis of the newer observations cited above, it would scem
Failure to examine a stimulatory response w low-dose radiauon
could result in neglect of important biological and possibly clinkcallv
imporant information regarding immune function.

Finally, further research to resolve uncertainty about the heaith
effects of low-dose radiation would provide improved guidance for
public health policy on very low-dose radiation. This is especiallv
important when, for example, literally tens of billions of dollars are

{C.emmmurd on poge 421)
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being sought by one federal program alone for the purpose of
reducing cxposure to low bevels of radistion and chemical wastes on
*he basis of largely hypochetical health nsks (16).
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phocytes exposed o | ¢Gy of 1-rays shows that certain protens are
absent in all contol culrures, bt are reproduably present in all
irradiated culrures. These proteins represent excellent candidaces for
being the induced enzymes needed foc the repair of the cyvtogeneuc
damage.

Nevertheless, the fact that 3 protein (enzyme).involved in repare
can be induced by very low doses of radiation does not nevessaniy
mean that these doses are in and of themselves “good™ o hormictie.
Scveral new proteins were found to have been induced, which
indicates that the metabolism of the cells had been changed. Some of
these proteins might have 3 metabolic effect of thar own, and could
possibly lead to a cascade effect whereby subsequent metabolk steps
unrelated to the induced repair would be altered. To call this
beneficial would be premacure, indeed.
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Twenty years ago, maverick biochemist Bruce Ames warned against the
health hazards of man-made chemicals in our foods and in the environ-
ment. Now he says most of the effort to control those cancer-causing sub-
stances is a waste of time and money, and that such “natural” foods as or-
anges and peanut butter are just as—or more—dangerous. What's up, doc?

ruce Ames is eating an or-

ange, methodically chew-

ing the slices in the hope it

will help fight his cold. He

looks at it and says reflec.

tively, “D-limonene. That's
the main ingredient in citrus oil: it
gets into all the orange juice. It's a
carcinogen.” He eats another slice.
“People don't want to come to grips
with a world that is full of carcino-
gens. I'm going to rub their noses in
i’

The scene is Ames's home in Berke-
ley. a few blocks {rom the University
of California campus where he is chair-
man of the biochemistry department.
It's as placid & California as anyone
could want on a sunny spring day.

But from Bruce Ames's point of view,
it's a scene of unremitting chemical
warfare, no less violent because it's
nature's own. From the orange in his
hand tn the plants in his garden to
the produce in the health store a few
bincks away, Ames sees a plethora of

By EDWARD EDELSON

cancer-causing chemicals so danger.
ous that aimost anythmg humans
add tn the witches' brew ia trivial by
comparison.

Ames han been preaching this gos.
pel for several vears in scientific jour-
nals and public forums, arguing from
chemical principles that most of the
billions being spent to control indus.
trial pollution and keep'pesticides out
of the diet are wasted as far as can-
cer prevention 1s concerned. Ames
makes a few exceptinns, nntably ciga-
rette smoking and some kinds of oc-
cupational exposure. But otherwise he
thinks poliution prevention money is
being misspent because regulators and
environmental zealots sre ignoring
the realities of nature's chemistry. And
he thinks that the animal teats used
to predict a chemical's carcinogenic
potential in humans are just about
worthiess.

It's a controversial pmition —all the
more controversial hecause not much
more than a decade ago Ames was

preaching just the opposite in equally
{ervent terms. Renowned as the inven.
tor of the Ames test, a quick and cheap
way to identify industrial carcinogens,
Amen hegan as a crusader against the
dangers of fond additives and other
man-made chemicals. When [ inter.
viewed him on the Berkeley campus
in the 1970s, a can of diet sods was
tacked to the wall in his office to dis-
play its long list of ingredients. Now
the man who questioned such chemi.
cals as cyclamates looks askance at
oranges and celery. In acientific terms,
his conversion is as radical as the ev-
olution of a young Communist to a
middle.-aged reactionary.

Aload of nonsense?

His critics say Ames now is talking
“just a load of nonsense, (or a variety
of reasons” in the words of Samuel
Epstein, a University of [llinnis re-
searcher who delights in contrasting
what Ames says now with what he said
in the 1970s. “If you talk to most ofJ

9

the really good people in carcinogene-
sis, they re very wary of what he's
saying,” says Marvin Legstor of the
University of Texas at Galveston. “1
don't think you'd find anyone who'd
agree with him."

But Robert M. Hollingworth, whe
heads the pesticide Research Centar
“at Michigan State University, says, “To
someone with an opsn mind, Bruce
Ames's stguments have support.” And
Clark Heath, an spidemiologist at the
American Cancer Society, says, “My
general feeling is rather like his.”

Before he got involved with the chem-
istry of cancer, Ames's career followed
the conventional route of many a bright
New Yorker: the Bronx High School of
Science, Cornell University, California
Institute of Technology, the National
Institutes of Health, the University of
California at Berkeley. “And then,” he
says wryly, “at some point | began read.
ing too many labels on packeta of po-
tato chips.”

Like everyone else, Ames knew the

See +hired colsmn

chemical industry was spewing out s
vast variety of new compounds. most
of which, because of time and money,
had not been tested for carcinogenicity.
To do such a test. you used laboratory
animals—a hundred or 2o rats or mice,

who were fed the mazimum amount*

of a chemical that they could tolerate
without getting very sick or dying. Af-
ter 8 year or more of leeding, carcin.
ogenicity was arsessed by determining
how many of the animals had denl-
oped cancers.

Asida from the hellish expense, ani-
mal tests aren’'t always easy to evaly.
ata. Thare's always a eertain natural
rats of tumor eccurrence, and picking
a cancar-causing signal out of the bio-
logieal noise isn't always easy. A re-
cant case offers a vivid illustration. The
big dither last year about Alar, a chem-
hlmnmyedmnppluwn-
tard ripening, cecurved because the
EPA’s expert panel of scientists couldn't
make sense out of the animal studies
that indicate Alar was carcinogenic.

of
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So the EPA delayed a decision. Alar
now. js ellectively off the market.

And cyclamates, the artificial sweet-
eners banned two decades ago, might
be back on the shelves soon because
the FDA thinks the original animal
tests didn't prove what they were sup-
posad to

The better test Brues Ames decided
to invent is based on a balief that can-
car can be explained in straightforward
chemical tarms—the biochemistry of
changes in DNA, the melscule that ear.
ries genetic informatioa.

Human DNA is a long string of a
molecule that contains the eode for
50,000 to 100,000 genea, each of which
governs production of an eseential pro-
tein. Ames's starting point was the log-
ical supposition that ecancer occurs
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when ane of those genes 1s changed by
a chemical mutation, so that it starts
turning out an abnormal protein. Put.
ting it formally. a carcinogen would
also be a mutagen.

Mutated bacteria

“In the {ab we were mutating bacte-
ra all the time. changing genes,” Ames
recalls. “So | thought maybe as a hobby
I'd start using our bacterial system to
detect mutagens.”

Ames used a bacterium that was de-
hiberately mutated so it needed an
amino acid called histidine to survive,
{Normal bacterin can make their awn
histidine. Ames’s mutated version
couldn't.) The Ames test is brilliantly
simple in concept: Grow mutated bac-
teria in a dish, feeding them just
enough histidine for survival. Add a
suspected chemical to the dish. If it's
a mutagen, some of the bacteria that
mutate will regain the ability to make
histidine because the abnormal gene
gets changed back to normal. Those
bacteria will grow like crazy. creating
large colonies on the dish. Just count
the colonies, and you can measure
- whether the chemical is a mutagen,

and hence a carcinogen.

Ames started workinZ on the test in
the 1960s. It took him ubout a decade
to develop it to the stage that a labo-
ratory technician could do it in a mat.
ter of davs. The cheniical industry
grabbhed at the Ames est. delighted
that it could assess a ch ‘mical in a {ew
days rather than spending a year and
a million dollars. Amca didn't make
any money from his inv ntion becaune
he didn't patent it — hiock emista weren't
as money-minded a few vears ago as
they are now—huit’ he tid pick up a
shelfl nf awards and a ma) ir reputation.
Ames and others published lots of
scientific papers showing that a high

. percentage of industrial chemicals
were mutagens. sign of a dangerous
man -made world.

Then came a disturbing discovery.
Takashi Sugamura. head of Japan's
National Cancer Institute, was watch-
ing his wife cook fish on u charcoal
broiler one day when he c ecided to
teat the compounds formed 1s the fish
turned brown. The stufl he »craped off
the surface of the fish wan m ymificent-
ly mutagenic in the Ames test. Suga-
mura put some scientists to, work iso-
lating more compounds from cooked
fish. They were mutagenic too.

“So that meant whenever you cook
your food you make mutagens,” says
Ames. “In retrospect, that makes sense
becnuse you get a mixture of thourands
and thourands of compounds when you
conk food. Think of all the biack mate-
rial in a cup of coffee: it's full of muta-
gena, Sugamura showed there are a

enuple nf mutagens in coffee that are
alsn carcinogens Uther people showed
that the outside of vour nice French
bread. all that brown conlor. is full of
mutagens. People testing plant prod-
ucts were finding all kinds of muta.
gens Sa my thinking started to change
a hit because we were getting a difTer-
ent picture of the warld.”

“Change a bit.” 1s an understated
way of describing what hecame a rev.
olution. Afller all. this was the Bruce
Ames who had once proposed that
there was no safety Lhreshold for in.
dustrial chemicals.

(1

are doing

an eighty-

billion-dollar

pollution

| experiment
with no

controls”’

In 1971 Ames wente a8 scientific pa-
per saying “nne molecule of a muta-
gen is enough to cause a mutation”
In 1972 he tested tris, a chemical being
used to make children's pajamas flame-
resistant, found it to.be mutagenic,
and started a hulabaloo that had tris
banned. Around the same time he ran
some hair dyes through the Ames test.
They flunked, and manufacturers refor-
mulated their products to take out the
guilty dyes. As late as 1977, Ames
was writing that ethylene dibromide
(EDB), used to fumigate fruit, should
be banned hecause of its chemical re-
semblance to tns.

But in 1983, Ames published the

first of what's turned into a long se-
ries of scientific papers emphasizing
the dangers of natural carcinogens and
absolving industrial chemicals from
blame for increased cancer rates In-
deed. he wrote in one journal. “there
it no gond evidence that there is any
incrense in cancer due to the modern
industrial world."

Behind this drastic turnabout 15 a
beautifuily interlocking theory that
Ames saya he was led to by the hard
biochemical facts of the real worid

First, there's a lot of nasty stuff in

" nature. “There'sa war between plants

and animals.” says Ames. “Plant peo-
ple knew that plants were full of tox.
ins to kill off insects. A plant doesn't
have teeth, it doesn't have claws, it can't
run away. it doesn't have an immune
system. So all plant evolution is chem.
ical warfare. Plants are much better
chemists than Dow or Monsanto.
They've been at it a long time, %0 ev-
ery piant has thirty or forty of these
chemicals that tend to be present in
parts per thousand or parts per
million.”

" Secand. the resulting DNA mutation
rates nthe animals that eat the plants
are er ormous. Why, then, aren't we ail
loadec with tumors?

The answer, Ames says, is that anr
mal cells have developed their own de-
fenses. One is to repair DNA like mad.
Another is to get nd of damaged cells
as {ast as possible. “The whole lining
of your ligestive system is thrown away
every d 1y." says Ames. “The surface nf
your mouth, the surface of your esnph-
agus, ' he surface of your stomach, co-
lon, in estine You have these stem ceils
down .here. they're dividing, and the
surface cells get sloughed off”

How tough is Bruce Ames’'s world?
Well, for starters, he sees no difference
between getting s dose of radiation and
breathing. “I've been thinking of oxy-
gen as the critical thing because oxy-
gen s the electron receplor that gen.
erates energy. To generate energy in
the cell you have to add four electrons
to ocygen o make water. You're pull.
ing electrons cut of sugars. and you
hase to put them somewhere, 30 vou |
put them in oxygea.

Dangerous breathing )

“That's a tricky process. If you add
electrons one at a time, you're in trou- |
bie becsuse you make superoxide, hy- |
drogen peroxide, and hydroxyl radicals. |
They re all mutagens. They re danger- ,
ous. Radiation is 8 mutagen because
it splits water and produces these same
things. So in fect, living is the same
a8 getting radiated.”

That conclusion leads sequentially
te Ames's opinion about animal can-
cer teata, which is low—again, he says,
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because of the basic chemiecal prinei-
ples. One of his criticisms is that the
MTD, maximum toleratad dose, is used
in those tests. “The MTD has bothered
toxicologists for years,” he says. "All
their training is that everything is @
poison. Every chemical is toxic at soma
dose. A certain amount of aspirin will
kill you, and a certain amount is all
nght”

But his major criticism is that ani.
mal tests are done almost exclusively
for synthetic chemicals, not the natu-
ral stuff found in nature. About half
the synthetic chemicals tested in ani.
mals have been found to be carcino-
gens. Ames's major effort of the 1980
has been to show that these resuits
aren't as alarming as they seem be-
cause nature is just as malevolent.

One thing he did was set up a com-
puterized data base of animal cancer
tests, with government financing. He
and Lois Gold, one of his colleagues,
have about 4,000 tests in the data base.
They can use it not only to tell whether
a chemical tested positive for carcinoge-
nicity but also to measure its virulence.

Calculating danger

And (rom that value comes Ames’s
“daily Human Exposure dose/Rodent
Potency dose,” abbreviated HERP. It's
his way of computing chemical dan-
gers. He takes the estimated daily dose
of a chemical that will cause cancer in
one-halif of a group of test animals. He
compares that with the estimated daily
dose that humans get of a given chem-
ical. The result is s percentage that
gives the carcinogenic danger of the
chemical. ‘

Sotmne of the HERP ritlilnbers are star-

tling. So is the way in which Ames

uses them. For example. there's his
reasoning about trichloroethylene, the
solvent that's caused major alarms be-
cause it's been found in wells in Cali-
fornia's Silicon Valley and Wobumn,
Mass. Wells have been closed; suits
have been filed.

“Wobyrn-~—that water was safer
than ordinary tap water,” says Ames.

“Most tap water in the United States
- is eighty-three parts per billion in chlo-
roform, that comes chlorination.
Trichloroethylene is tan times wagksr
as a carcinogen. Trichloroethylene
replaced flammable solvents. We can't
go back to cleaning our clothes in
flammable solventa.

“What you pay {or a modern tachno-
logieal scciety is you get a little tri-
chloroethylens in your water. You can
get out that last part per billion at
encrmous cost, but it wouldn't be worth
it®

Or, as he wrota in a scientific paper:
. "Water from the most poliuted well...
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"has s HERP value orders of magnitude

less than for carcinogens in an equal
volume of cola, beer, or wine. Its HERP
value is also much lower than .. .the
average peanut butter sandwich.”
Follow his ressoning on Alar. Ames
calculates o lifetime HERP of 0.0017
percent from Alar for anyone who
drinks six ounces of apple juice every
day. “This possible hazard is less than
from the natural carcinogenic hydra-
zines consumed in one daily mushroom

- |[HERP=0.1 percent| or that from afla.

toxin .in a daily peanut butter sand-
wich| HERP=0.03 percent (. says Ames,
In addition, apples that aren't'treated
with Alar are moge susceptible to mold
formation, he says. “I'd rather take my
chances with Ajar than all the moid
carcinogens.”

Natural poisons

Ames has a few favorite stories about
nature's natural poisons. One concerns
the rash (literally) of complaints about
dermatitis from supermarket workers
who were handling a new variety of
insect-resistant celery introduced to re-
duce the use of pesticides. Tests showed
the celery (ought off insects because it
had 9,000 parts per billion of peoralens,
natural pesticides that are also carcin.
ogens. in Ames’s book. that's a net in.
crease in human exposure to carcino-
gens in the name of environmental
purity.

Ames can (and does) go on and on
sbout cartinogens in pure food. Shrimp
contain formaldehyde. Basil contains
estragole. Apple juice contains 125 vol-
atile compounds. Pive of them have
been tested, and three are carcinogens.
The chemical that makes mustard pun-
gent is a carci

Abandon hope? No, there's plenty of
reason for hope, if we choose the right
targeta, Ames says. An example is his

to ethylene dibromide. He

|
tastified in California that its indus-°

trial use should be banned because
worksrs were getting excess exposure.
“The workers breathe in 20,000 liters
of air s day but you only drink one li.
tar of water @ day.” he explaina. °If
there's ene part per million in the

watar and ene part per million in the
air, that's 8 20, difference. EDB
workers were allowad to get hall the

same doss that was giviag half the
mice and rats cancer. | testified it was
cutrageous, and California lowersd the
exposure limit a hundredfold after my

“But the EPA outlawed EDB becauss
of its residues in grain, and that was
0.001 pereent on our HERP scale. |
thought that was cutrageous.”

From there, Ames moves on (o a
sweeping sttack aguinst what he sees

as mispiaced priorities: “We're doing
an eighty-billion-dollar experiment
with no eontrols. Eighty billion is what
we spend a year on pollutien control.
But the total amount of basic ressarch’
in the United States is only 8.8 billion
dollars. The eighty-billion-dallar exper-
iment hurts our competitiveness, it's
done inefficiently, it's maialy soldon a
health basis, and | don't think any of
that ia going to be right”

Ames's numerous crities point out
that much pollution contrel spending
—~on acid rain, for example—has noth.
ing to do with cancer prevention. And
they give him a vigorous argument on
his cancar ealculations.

“Some recent studies indicate that
our extrapolations made from animal
tests are not conservative, but, if any-
thing, are not stringent enough,” says
Marvin Legator of the University of
Texas. “And if you take into account
that most of our chemicals have not
been evaluated, what's happened in the
past five or six years when we've found
& number of potent carcinogens is in.
credible. Ames's present position, it
just doesn't make sense.”

But Clark Heath of the American
Cancer Scciety buys a lot of the Ames
argument. “If you compare animal as-
say resulta on man-made chemicals,
you ean't help but feel that man-made
things are on the minor side compared
with things in the diet in terms of con-
centration and amount,” he says. “The
concern that arises time and agsin
sbout the hazards of man-made chem-
icals does seem out of proportion to the
actual hazards as judged by animal
experiments.” . .

“A lot of toxicologists would agree
in broad, general terms that we dis-
proportionately spend our time looking
at 8 small percentage of the chemicals
in the food supplx” says Michigan Sta
University's Robert Hollingworth.

Next aging

And for someons who sees s carein-
ogen under every leaf, Amas is amaz-
ingly hopeful about reducing cancer
rates. We've got to concentrute on nat-
ural things because the studies that
compare cancar ratas in difflerent coun-
tries indicats that simple changes in
diet and living habits—consuming
more Absr, for example—can have ma-
Jjor offecta, he says.

Whsn he gets cancer out of the way,
Ames would like to tackle the biochem-
istry of aging. A lot of what happens
whan cells grow old has te do with the
kind of oxidants that cause cancsr, he
believen,

“Before my neurons go sut, I'd like
to crack aging,” cays Amas. And ata
another slice of crange. )




Academy Panel Raises

[ ] [ ] : [} [ ]
Radiation Risk Estimate
What was once an extreme view hecomes mainstream as
statisticians recalaulate the cffects of the Japanese atomic blasts

THE MILLs OF the National Academy of
Sciences mav be slow, bur they somenmes
grind cxccedingly fine. In December they
produced a 421-page repore® that pulverizes
an argument made by a group of experts 10
vears ago that the dangers of low-level radia-
tion were bemg exaggerared.

The new study concludes that the risks
have been underestmared until now. Not
only that, burt it savs that the likelihood of
getnng cancer after being exposed to a low
dose of radiation is three to four times
higher than that given in the earlier Acade-
my report, which itself was denounced by
some old hands ar the time as alarmist.
Thus, an evolving scientific understanding
ot health cffects has made the alarmist view.
point of the 19705 appear moderate today
and it has given some former alarmises 4
chance to say “l told vou so™ about tiweir
predicrions.

The person responsible for bringing this
risk assessmient to a soft landing—unlike the
last one in 1979 which shattcred on im-
pact—is Arthur C. Upton, the untlappable
chairman of the Academy’s fifth commirtee
on the Biological Effects of lonizing Radia-
non (or BEIR V). Upton, wiwy heads the
Institute of Environnwntal Medicine at New
York University, is scrupulously balanced in
his presentation of these issues. This helps to
cxplain why his group was able to rcach a
consensus while the last one, BEIR Il of
1979-1980, broke into factions.

BEIR V deals with low levels of penetrat-
ing radiation that impinge on humans from
outside the body, essentially x-ravs, neu-
trons, and rays, which make up the
bulk of the public threat that has concerned
health officials in the past. A special study
issued last year, BEIR [V, deals with a
ditferent problem that gets increasing atten-
tion these days—internal short-range “al-
pha” radiation primarily from radon gas.
Thus, while REIR IV has implications for
clearing the air in homes and uranium
mines, BEIR V has implications for policing
man-made sources such as medical diagnos-
ric machines and the nuclear industry.

Although BEIR V was noc officially asked
*“UHealth Effecas of Fxposure to Lovw Levels of kg

lahmm (Nastional  Acaderny Press,  Washington,
.. 19%0).

to comment on public safery, Upton said at
3 press conference that he expected there
wauld be “some response” tfrom regulatory
authoritics in the form of tighter standards.
At least one acuvist group, the Nuclear
Information and Resource Service of Wash-
ington, D.C., is alreadv citing the new
REIR V data as it seeks to prevent federal
dercgulations of very low-level radivacrive
waste streams (emicting less than 10 miilli-
rem per vear). Warren Sinclair, president of
the National Council on Radiation Protec:
rion and Measuremenrs, an industry adviso-
rv body, says that given the “pressure™ of
REIR V, his council “might very well feel
that now is the ime” to reduce the maxi-
mum oxccupational exposure limit from §
rem per vear to something less.

Exven so, perhaps in the interests of pre-
erving calm, Upton takes a low-key ap-
proach to the implicattons of his report.
“There has been no revolution in the assess-
ment of risk, no frightening increase [in the
percenved health cffeers],” Upton told an
audience at the Academy on 19 December.
But he said it is possible to be much more
specific about the degree of risk now be-
causc there has bheen a tremendous improve:
ment in three arcas of analysis. The most

Unflappable chailrman. Arhur  Upton's

steady divecion helped achieve a consensus,
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important 1s that rescarchers have
heen able to accumulare anocher
- decade of mortahey daca from Ja-
pan, where sunivors of the Hiro-
<uma and Nagasaks atom bomb
artacks are watched closelv for the
atteretects of the radiation thev
receved 10 1945 The orher rwo
changes are an improved calcula-
non ot the radiation reieased bv
the nvo bombs and a more sophis.
ucated computer medel of rick de-
agned speatficaliv for this report.
The shift began with the most
tangible of all data: the body
count. According to 2 comniitree

U.S. Sources of lonizing Radiation
{Soursa: Natisnal Counsil an Radistien Preteciion snd lassuwrements)

0.8% for a single exposure of 0.1
Sieverx (10 rem). This means that
n a population of 100,000 peuple
expazed to 10 rem of radiat- -
ruughlv 21,000 would die o, ...

. and prohablv 800 of those
cancers could be blamed on radia-
non.

The BEIR V results seem to
vindicate the chairman of the pre-
vious BEIR panel. Edward D
Radford, who fought tiereriv wich
what he calls a- “rump group™ of
his commirtee and ended up 1n a
quarrelsome press conference at
the Academy on 2 May 1979 He

member who helped write both
reports, Jacob 1. Fabrikane of the
Umiversity of California ar Berke-
fev, “More cancers are appearing
than we predicted™ in BEIR 11

Meanwniie, phvsicists were making huge
changes in the estimates of the amount of
radiation released in Hiroshima and Nagasa-
ki. In the carlv 1980s, researchers at the
Lawrence Livermore National Laboratory
uncovercd problems with calculations made
1 the 19605 of the amount of gunma rays
and neutrons released when the bomiw det-
onated. The more they lonked, the more
maccuracies they found. In the end, the
governments of Japan and the United Stares
decided to pour teveral million dollars into a
compiete revision of the dose estimates.

The leaders of the dosimetry revision at
the Radiation Effects Research Foundation
of Japan went to “incredible and unbelicv-
able™ lengrhe to ensure acauracy this time,
Fabrikant savs. For examiple, roof tiles from
buldings at various distances from the epi-.
center of the blast were subjected to a new
“thermal luminescence™ examinanion to de-
termune exactiv how many gamma rays hit
them on 6 and 9 August 1945, The results
were double-checked by laboratonies in sev-
erai countnes The shiclding provided by
ar, humidiry, windows, walls, and roofs was
recalculared. The doses received by the
95.000 survivors were individually recon-
. stncted, taking into account whether the
rerwon was facing or tumed away from the
blase, and, if sikleways, which side of the
hody was exposed. Today, researchers are
intent on recatculating the radiation Jdoses to
‘the survivors’ individual organs,

Although the new Japanese dosimetry
reshuffled all the cards in the deck. it made
nwo changes of broad significance. It elimi-
nated neurrons from the picrure almost en-
tirclv, meaning that gamma rays alone were
responsible for most of the health effects.
This greatly simplified and strengthened the
auxiation berween low:level gamma radia-
ten and cancer. In addition, it knvered the
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Where the risk begins. Moast of the radiation hazard, as far as
public health is concemed, comes from natural sources such as radon

overall level of gamma rays in onr of the
ombed cities by anout a factor ot 2. mean-
ing that the gamma radiation must have
been more patent than realized before.

When it came time to link these dose
estimates rogether with the cancer data in a
maxdcl that could be used to project effects at
low doses, the BEIR V' commuttee found
that it could noe fit the new informarion o
old mathemarical constnicrs. Even the mad.
els used as recently as 1988 tw the United
Nartons Commmirtee on the Effects of Atom-
ic Radianion were unworkahle. Instead, the
commirtee tumed to a new maodel developed
by statisticians Dale Prescon and Donald
Picrce with a program chey wroke.

David G. Hoel of the National Institure
of Envirnnmental Health Sciences, the com-
mittec member who led this mathematical
subgroup, savs, “We pretty much started de
novo,” tossing out all the equations that had
been used before. The BEIR (11 commirree,
he says, used “loes of different mndels,”
including a linear-quadratic formula that

"assumes the effecs are negligible at low

doses and climb steeply ar higher doses.
Looking back on that effore, Hocl savs, “The
dara didn't really fit the model.™ One can see
st a glance that the solid tumars “are all
clearly linear,” ficring on a straight-line pat-
tern of decreasing effcct with decreasing
dose. Hoel says: “There wasn't any sugges.
tion that we should have 8 threshold value™
for dases below which one would expeet 1o
sce no detrimental cffects. The keukemia
effects, however, are hest described bv
lincar-quadratic curve.

For individuals, BEIR V cakulates nsk in
terms of many variables, including sex, age
at exposure, time since exposure, dose rate,
and 0 on. Buk for purposes of whole popu-
lation cxposures as might occur in a nuclear
accident or during war, it provides a general
lifetime nsk factor for all tvpes of cancer of

had wanted to use a simple lincar
maodel to express risks, extrapolat.
ing straight down from the highest
dose-response pacterns (which are
well established) to the lowest dose effects.
He aisv hisid our for the use of a “reiatve
nsk™ maodel, which would have muitiplied
(rather than added) a risk factor with the
normal cancer rate to express the cffects of
radiation.

But a group of six dissidents i the com.
mittee led by Harald Rossi of Columina
University argued that these measures
would cxaggerate the nsks. They argued
that the cancer effccrs at low doses are
unknown and probably do not follow a
straight line projected down trom the high-
dosc effects. Rossi argued thar the commut-
tee should not try to set a single risk factor
under the threshold of 10 rad, below which
he considered the risks negligible.

The factions carried their quarrel into the
awditorium at the Academny and from there
to the pages of scholarly journals. Thev
never reached agreement. Behind the scenes,
Fabrikant was asked to serve as chairman of
3 subgroup to clean up the mess. In 14
munths he put together a final report—
BEIR [ll—which included dissenting state-
ments from Radford and Rossi.

Although Radford believes his position

“has been justified retroactively v BEIR \"s

decision to use 3 linear, no-threshold, rela-
tive risk mndel for solid tumors, Fabrikant
disagrees. “That's Mickey Mouse,” he savs,
“or more like Nonald Duck. Radford quacks
3 kx. Don't pay atrenwion to it.” Radford has
“a very singular concepe that if vou draw a
straight line, all the dots fit on the line. He
has no understanding of the complex as-
pects™ of risk estimation, Fabrikant savs.
Furthermore, he argues that the data avail-
able ro BEIR IlI in 1979 simply did not
justify this approach. According to Fabn-
kant, it's like saving, “in the absence of data;
I was clairvoyamt. . . . We have done things
in BEIR V that we couldn’t conceivably
have done before.® @ ELIOT MARSHALL
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- We wish to clarify what may have been a
mental retardation a3 an effect of low-dose
wonizing radiaton. The National Research
Council tssued a press release and held a
press conference at the time it published the
~port of it Commirtee on the Biological

xvs of [onizing Radiation (BEIR V). On
w« basis of the press reiease, newspapers
and telecasss informed the public that low-

dosc radiation exprure at 8 to 15 weeks of
gestarional age can cause mental retardation.
Actually, the commirttee’s statistical analysis
of a lincar mode! pertaining to severe mental
retardation suggested “that a threshold may
exist at 0.2-0.4 Gy {grav| (20-40 rad)" (1).
The accompanying graph in rthe report
showed lirtle, if any, increase in retardacion
among persons who received less than 0.50
to 0.99 Gy (50 to 99 rad) as compared with
controls.

The press release, under the heading
“Mental retardation effects™ was concerned,
not with mental retardation as it is usually
understood, but with reduction of 1Q test
scores and with the school performance of
children in the first grade who had been
exposed in utero to the atomic bomb in
Japan. The estimated 1Q loss was 21 to 29
points per gray, or 0.2 to 0.3 IQ points per
rad. Rarely does a fetus receive more than 1
rad from diagnostic examination of the
mothers abdomen during pregnancy (2).

The news reports contributed to an unjus-
tified fear of estential radiological studies
during pregnancy. No mecasurable impair-
ment of brain function is to be expected
from prenatal exposure to doses as low as
those received from diagnostic x-rays.

Rosgrr W. MitLen

Climical Epidemiology Branch,
National Cancer Institute,
Bethesda, MD 20892

Rosexr L. Brant
Department of Pediairics,
Thomas jefferson University and
Alfred 1. Dulons Institute,

Post Office Box 269,
Wilmington, DE 19899
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Eliot Marshall's article “Academy panel
raises radiation sk estimares™ (News &
Comment, 5 Jan. p. 22) contains misstate-
menes about me and about BEIR II1. Since |
take the view that radiation risks at doses of
less than 0.1 gray (10 rads) are unknown, |
have never declared or considered them to
be “negligible.” The number of dissidents in
the BEIR [I] committee was larger than six,
akhough it was never clear how many there
were. | do not remember who first proposed
a lower dose limie for risk estimates, but it
was not [. 1 do remember that the commit-
tee was unanimous on that marter.
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My position rermaiw 8 valid now as it
was then. Lowered dose esimaces, a higher
sensinivity of the young, and the (apparendy
appropriate) adopoon of the relagve nsk
model increase the esumates of radianion
carcer nisk in Hirostuma and Nagasaki. It
neverthekess unlikely that we will ever be
able to evaluate the effects of low doses of
tonizing radiation on the basis of epidemiol-

* ogy. The most persuasive aspect of extrapo-

lations is that statisocal limitations as well as
other uncertainties make it impossible to
discern the effects of doses that are less than
about 0.1 Gy. In arumals exposed to moder-
ate radiation doses, ancer inadences that
are both higher and lower than those in the
control population have been demonstrated
with high probability. The larter phenome-
non, sometimes termed “hormesws,” has
caused an increasing number of people to
speculate that low radiation doses may pose
a risk chat is less than negligible. At present
this position is neither more nor less unreli-
able than the claim of a proportional relation
for doses below 0.1 Gy.

The postulate that this relation applies to
cancers in humans (except for leukemia,
where incidence is high and statistical uncer-
tainty therefore lower) s merely an article of
faith. In the absence of angible information

- it may be adopted in u:pu.hnng “risks” in

connecton with radiznon procection (1),

but any claim chat these risks are acrual

rather than nominal cannot be supported by
science but only by “political science.”

HaraLd H. Rossi

105 Larchdale Avenue,

Upper Nyack, NY 10960
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REIR V: Lmplications far_ the.
Nuclear Workforce

The Natnional Academy of Saences fifth
report on the biological effects of wnizing
radiation (BEIR V) (1) (News & Comment,
5 Jan.. p. 22) indicates a necd for “tighter”
control of nuclear worker exposure. But
BEIR V's “incrcased nsk™ needs modifica-
non when applicd to male adules in the
nuclear workforce for the following reasons.

1) The BEIR V risk assessment is based
on statistical analvsis of cancer morality
among atomic bomb survivors in Hiroshima
and Nagasaki. The latest Radianon Effects
Ruscarch Foundation (RERF) report (2)
shows a compured excess of 252 cancer
deaths among 5734 nonleukemic cancer
deaths. Some 74 of 2007 obscrved stomach
cancer deaths are attributed to radiation.
Had Americans (whose incidence of stom-
ach cancer is much lower than that of the
Japanese) been exposed at Hiroshima and
Nagasaki, the number 74 would have been
less than 10. .

2) Tables 2-5 through 2-33 in (2) tabu-
late risk for 27 rvpes of cancer—an average
of less than 10 excess cancer deaths per
cancer tvpe ubserved from 1950 through
1985. The number of male cancer deaths is
much smaller because 3 of every 5 survivors

v temale and 56 cxcess deaths are specific

‘zmale organs. This leaves an insubstan-

satistical basis for assessing male radia-

1 risk. .

3) The bulk of the collective exposure
(72%) in Hiroshima and Nagasaki was
about 50 rem—the mean dose was 132 rem
per survivor. The average dose for half a
million U.S. nuclear power workers (1969-
1988) was 1.2 rem accumuiated over the
work career. BEIR V statisticians construct-
ed five different models to bridge the gap
between these two types of exposure.

Yregdac SCIENCE, VOL. 247

4) The atomic bombs produced an in-
stantancous Hash of radiation, whereas U.S.
workers accumulate their exposure gradually
over scveral vears. BEIR V concedes that
this distnbuted dose could be nwo to ten
times less biologically effective than a single
exposure, bur 1t does not incorporate 3
correcnion factor in its models. BEIR (1 ()
introduced a 2.25-told duse effect correction
in its model,

§) BEIR V increases risk assessment in
part because of greater than expected cancer
deaths among those who were under age 20
at the ume of bombing. Such an etfect
would not apply to nuclear workers, who
are exposed at an average of less than 30
vears of age.

If one takes thesc factors into account, the
BEIR V risk assessment increase of about
350% dwindles to about 70% when applied
to the nuclear workforce exposure. Nothing
has really happened that would lead to 3
tghtening of radiation controls for a U.S.
worktorce whose lifetime radiation exposure
averages 5% above that to which all Amen-
cans are exposed. BEIR V concludes its nisk
asscssment with this final sentence: “At such
low doses and dose rates. it must be ac
kitowledged that the lower limit of the range

of uncertainty in the nsk estimates excends
o 2cro” (1, p. 181 The nsk s speculatne
and mayv be zcro. .
RaLrs E. Lare

T213 Park Terrace Druce,
Alexandng, 174 2247
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- ADDENDIM :

SECTION B - ITEM #24
MEA DIRECTOR'S DECISION
(DOCKET NO. EA-80-001-MG)

'ié;; Tne health and safety issue of the increzsed severity of

2 loss-cl=zc0l-water accident if such an accident osccurred with
increased z=sunts of spent fuel stored in the poc. was discussed
9y experts =f NSP, PIP, and MEA Staff.

(’ 92.) Two conditions are necessary for an accident to occur
in which the spent fuel in the SFP would pose a danger: (1) loss
of SF? cpclinz water; and fZ) failure of all dback:; water supply
syste=s, im:iuding lack of access to the pooi.
of either a major external event, such &s an earthquake, or because
of a Pralirie Island reactor accident, a loss of water accident
could occur in the spent fuel pools. Dr. Thompscn is a consultant
engineer azcive in the area of energy and environzental studies;
he is a me=ter of the Political Bcoloty Research Sroup, Ltd.
(a nen-prosit company) of Oxfeid, England. He hes participated

in two public investigations of the hazards of spent fuel storage,



the Windscale Public Inquiry in England and the Gorleben Inter-
naticnal Review. Dr. Webb has a Ph.D. in nuclear engineering and
was previously on the staff of Admiral Rickover in the Division of
Naval Reactors of the Atomic Energy Commission. He has written
extensively on the accident hazards of nuclear power plants and
has served as technical consultant for the township of Lower
Aillaways Creek in Salem County, New Jersey, which intervened in
the Nuclear Resulatory.pommissian!s ;1censingihear1ag on the
Propesal of the Salem Utility to increase spent fuel storage at
Selen. ) 4
(—;I?’ PIP witnesses Webb and Thompson also postulated (1) a
major accident in one of the Prairie Island reactors, causing (2)
the spent fuel pogl to beccome 1nacces§ible, causins (3) the loss
of the capability to add makeup water to the pool; tollowéd by
(4) the breakdown of the Spent fueli pool cooling system from the
accicdent or rrqm ;n independent cause, resulting in (5) gradual
pool bcilef?l. Dr. Webd ilso contended that a zirconium fire,
and various kinds of explosions, could occur in the pool cnce
- most or ail of the water had evaporated.
GS.) PIP presented no evidence as to the likelihood of the |

inittating events postulated by their witnesses. .Dr. Thompson
-stated that he had not considered probability. PIP witness Webb
stated that he does not assign probablilities to mechanisms and
that he cannot detefmino the likelihood of an event without

aultiple fuli—scale experiments (which ne one has ever conducted).

- 36 -



N
96. NSP presented substantizal and uncontroverted evidence

by two panels of witnesses that the types of events postulated by

the PIP witnesses are sc improbable and remote that they pose a

miniscule risk.

5;?\ The testinmony of NSP witnesses Drs. Kaplan and Garrick,
using probability analysis techniques, estimated that the likelihood
as a result or a serio s reactor accideut 1s once in every 200 000
years with a 90% confidence that it would be between once in
‘10,000 years and once in 4 millien years. Moreover, the lilkelihcod
that this inaccessibility would cauSe significant radiation releases
from the spent fuel pcol was estinated t0 be once e&ery 400 millten
years, with 95% confilence that the frequency of inaccessibiliﬁy
is no bigger than once in 17 millilon years. Dr. Garrick, who has
a2 Ph.D. in nuclear engineering, is an expert in risk assessment,
reliabllity, and nuclez2r safety analiysis, particularly with respect
to the application of probabilistic methods. Dr. Kaplan is a
mathematician and ens:neeb speclaiizing in risk analysis, decision
theory and applied probability in general. The analysis of D}s;
Garrick and Kaplan was based upcn a review of the particular

sy!tems‘oxistins at the Prairie Island reactors.
- 68.) MEA Staff witness, Dr. Stratton, a nuclear physicist
employed by the Los Alamos écientiric Laboratory, also testifled
that the probability of a reactor accident causing pool inaccessibility,
with loss of coolant and makeup t0 the pools, 18 less than once

in every 10 million years.
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<;2257 The Diressor notes, however, that certa’n remote events .

such as sabcssage, war, and soclal disturbance, cculd lead to a '
loss of water in s=e spent fuel pool. The likelirood of such
events have not been, and probably cannot be, quantified.

100. ) ¥SP als> presented a panel of four witnesses, ("the
Gilcres%“ﬁigel") whose testimony reviewed in a qualitative fashion
the risk assoclated with the accident scenariocs postulated by the
PIP witnesses. After describing the proposed expansion, the -
witnesses dsscribed and analyzed the Prairie Island fuel storage
Stucture; the spent fuel_pool structure'’'s abllity to withstand
natural phencmena; the spent fuel pool cooling system, including
redundant or backup systems available in the event regular cooling
should fail; the elecsrical and backup electrical systems upon
#hich»many cZ the :201ing systems rely; the ins:éﬁmentaticn which
monitors waser level and water temperature, and radiocactivity condit:on.
in the pools; the »00l leak detection system; the pool ventilation
system; and eflects on the pool structure and cooling System frem
the progosel expansion. All of these salety features of the plant, .
the pooi, and assc:iated systems and structures make the loss-of-
water accildent hypothesls remoie.

101) The Giisrest panel also evaluated the time available to
prevens—pooi wates boiling and evaporation, assuming pool eool&nﬁ
system breaxdown. On the basis of these calculations, it is clear
- that ample :ime would be available to pump water inte
the pools, whether through one of the plant cooling systems or by
hooking up & wate> hose to a diesel fire pump or to the Mississippi
R:vgr, to grevent loss of pool water. ' .

02>\ A variecsy of backup water supply systems is avallable

<
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rezlace any loss of water in the pool. Each of these systems

(e
(3]

[P
(7]
0
(]
(8]

cable ¢ provﬁd:ns water at rlowrates_in excess of the maximum
boll-off rzte. These sources include: (l) chemical and volume
control system; (2) chemical and volume control system hold-up
tanks; (3) »efueling water storage tank; (3) reactor makeup water
ssorage~tank; (5) dezineralized water; and (€) fire protection water.
103.) The Gilcrest panel described in detall the kinds of
reacsor acsidents against which the plant and its protective systenms

are designed to protect. None of these accidents, including the

y-e of accident which occurred at Three Mile Island, would cause

(a4

‘u

tnaccessibility for a2 time sufficlent to permit pool boiling.

R4
O
o
[

w
(1]

sed urzon the multizie safety systems 1ncorpori:ed into the plant,
including <he plant and fuel design, the protective devices and
gsrsters ;révided, and the emergency systems which only respond

17 the firss two defense levels fall, the Gilcrest panel concluded
taat the 2521 loss-0f=coolant accident hypothesis is so improbable
as to te inaredidle.

/710

\
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and structures to withstand the effects of natural pﬁenompna and

. With regard to the testimony concerning the ability of
»ie Island spent fuel pool and supporting plant systems:

escidents affecting the reactor and/or spent ;uel pools, the recocrd
shows that the proposed expansion qt the fuel storage capacity has
l:ttie or no effect on this ability.

« 105.) Although there was disagreement as to the consequences
cl a los;-ot-uater accident, should it occur, the remoteness~ot the-

assident =ales resolution of the dispute less important. Nevertheless,

el
1)
®

Direczor finds that the testimony of NS?P's witness Dr. Dhlr



2Ppears to te reasonable. Dr. Dhir has a Ph.D. in mechanical
engineering and is currently associate professor in the School
¢l Engineexring and Applied Science at UCLA. He'has been working
in the nuciear mechanical and engineering departcent at UCLA
since 1974.. _ A
(/;B%.; Dr. Dhir's analysis, based on his own extensive calculations,

was}r-vféwed py Drs. KaplanAand Garrick and independgntly verified
by anothe> expert in the field. Dr. Thompson, who described his
own work as Judgmental ra;hér than quantitative in nature, stated
“hat he zgrsed with Dr. Dhir's approach, although he could not
evaluate Dr. Dhir's results without replicating tiae analysis.
Jr. Thompscn claimed that Dr. Dhir failed to consider the partial
iloss of water as the most serious accident case. Dr. Thompson's ‘
clain azpears to be confirmed by preliminary calculations done by
Senjacin et al. in thelir report to the NRC entitled "Spent Fuel
Zeatup Feilowing Loss of Water During Storage," ()NUREG/CR-0649,
varch 1979). However, Dr. Dhir's evaluation incliuded the case of
2 partiaily filled pool, demonstrating that in that case the pool
wouldveventﬁally beil dry. As to Dr. Webb, his methods and findings .
:aie not been sudbstantliated by other scientists. To the contrary,
MEA P0licy Analysis Staff witness Stratton nnd several of Dr.
Stratton's colleagues, revieved one of Dr. Webdb's submittals on
reactor safety and concluded that it should be ignored bdbecause it
failed to describe a mechanistic series of precursor events,
tailﬁl_t\o; amly;e reactor safety, and ignored probabilities. .

(i 107./ Finally, several other accident hypotheses were briefly

/
raise y varilous witnesses. MEA Staff witness Dr. Stratton pointed



out the need to ensure sufficlent heat removal from the spent
fuel pools, as expanded, and to design the storage racks so as to
avoid a critical system. The nuclear characteristics of the
proposed spent fuel pool expansion are described in the testimony
of the Gilcrest panel. In addition, NSP Exhibit 6, which consists
of NSP's request to the NRC for a license amendment to expand the
spent fuel pool, addressed this question in detail, by describing
how the proposed racks would be conservatively designed to prevent
eriticaliity. On the basis of the analysis presented by NSP,
which will be subject to NRC staff review, the Director believes that
the issue of criticality has been satisfactorily considered by NSP.

108; Dr. Webb alleged that 2 hypothetical reactor power |
eEEursicn accident had not been given sufficient sonsideraticn.
The evidence does not support Dr. Webb's opinion given the fact
that pover excursion acclidents are evaliuated in the Prairie Island
Final Safety Analysis Report (FSAR) and that, to reach the Webd scenaric
eilther the reactors would ha#e to viclate their operating limits
or ode wouid have to assume that bdoron present in the primary sysﬁem
is absent. The report on which Webb relied states that the
"safety implications of the design philosophy of existing and
proposed Teactors are not in question.” |

i09./ Finally, Dr. Webb was concerned about the possidiiity of
tgk‘toruulttion of a fast-neutron reactor and explosion from gross
plutonium segregation in the event of a fuel meltdown in the spent
fuel pools. ﬁoth the Gilerest panel and Dr. Stratton rejected
Webb's gross pluﬁonium segregation hypothesis. Both theoretical

ahd experinental work show that this postulated event could not

occur.
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I 230. ZIa conclusion, due consideraticn has been given by the
Direnstar to testimony presented by NSP, PIP, and the MEA Policy

Aralysis Staff regarding the impact of various éccident scenariocs,
irnzlucing so=callied Class 9 acclidents, on the spent fuel po$1 in
w4zht of the proposed expansion. On the basis of the record
ceveloped during the proceeding, the Director has determined that
the spent ruel.pool modification, as proposed, will not materially
Znirezse the risk of severe accident and resulting severe

r2diczotive releases occursing in the pools.
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added insulation. improved compressor efficiency and
controls. and other improvements described in the
residential, commercial. and industrial sections. Dairy
refrigeration use can also be reduced by precooling fresh
warm milk in a heat exchanger or heat pump. The captured
heat can then be used to heat or preheat some of the large
supply of hot water required in dairying. Further cooling can
also be accomplished with a well water heat exchange or
with seasonal ice storage.

OTHER SECTORS

Governmental and seasonal residential electric use are
included in the “‘other’’ sector. Some of the governmental
electric uses are similar to commercial uses for offices,
hospitals. prisons. and schools. Other governmental uses are
more similar to those in industry, such as sewage treatment
systems or water supply systems. Seasonal residential
electric consumption goes for uses similar to those of regular
customers. The reduced occupancy. however, may decrease
the cost-effectiveness of some conservation measures.

The conservation potential for the **other’ sector is
estimated ‘at between 34 to 61 percent, representing the
range of conservation potentiai in the residential,
commercial, industrial, and agricultural sectors,

Table 5 summarizes the technical savings potential for all the
sectors. The end uses by sector are in the first column. The
current percentage of use by end use is in the second
column. The third column lists the percentage of
conservation potential for each end use and the achievable

" kWh savings are found in the fourth column. The total
savings estimate of S2 percent includes a wide array of
specific efficiency improvements for each sector and end use
of electricity.

from:

Minnesota's Energy Options For the

Minnesota Department of Public
Service

December, 1988

Table 5

Conservation Potential by Sector, by End-Use!

End-Use
Residential. Including
Farm Residences
Main Source Space
Heat
Dual-Fuel Space
Heat
Water Heat
Central AC
Room AC
Refrigerators (Total)
Freezer
Electric Range
Clothes Dryer
Dishwasher
Waterbed Heater
Lighting
Miscellaneous

TOTAL Residential &
Farm

Commercial
Space Heat
Water Heat
Cooling
Ventilation
Refrigeration
Cooking
Lighting
Miscellaneous

TOTAL Commercial

Industrial
Space Heat
Water Heat
Cooling
Ventilation
Refrigeration
Process
Motors
Lighting
Miscellaneous

TOTAL Industrial
Agricultural Uses

Other (Government
Sales, Seasonal
Residential, etc.)

TOTAL Minnesota®

1. Percentage savings estimmes for cooling and residentia sir conditioning
include savings from more efficient lighting and other appliances. Less

Percent of Conservation kWh Savings

Use Potential (%) Potential 1 %) '

3.4%

0.9%
6.2%
1.2%
0.5%
5.9%
1.2%
1.9%
1.9%
0.3%
0.8%
3.3%
1.4%

29.7%

1.7%
0.6%
3.6%
2.9%
1%
0.7%
14.1%
4%

30.0%

0.4%
0.1%
0.9%
0.9%
1.1%
2.2%
19.8%
1.9%
0.4%

21.5%
2.5%

10.2%

100.0%

50%

50%
70%
35%
5%
80%
60%
40%
65%
85%
43%
50%

58%

40%
80%
50%
50%
80%
40%
81%

62%

40%
80%
0%
50%
70%

0%
85%

35%
48%

50%
52%

1.7%

0.5%
4.4%
0.4%
0.2%
4.7%
1.3%
0.8%
1.3%
0.3%
0.3%
1.7%
0.0%

0.7%
0.5%
1.8%
1.5%
2.5%
0.3%
11.4%
0.0%

18.5%

0.2%
0.1%
0.5%
0.5%
0.8%
0.0%
5.9%
1.6%
0.0%

9.5%
1.2%

5.1%
51.5%

waste hest from several end uses can reduce cooling requirements.

2. Pemnumnfumemmmmmbal@
transmission uuilities, which supply 94 percent of stase elacunc use.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C. 20555

February 1, 1990

' PHUI v ma.
NRC INFORMATION NOTICE NO. 90-08: KR-85 HAZARDS FROM OECAYED'FUEL/ i

Addressees:

A1l holders of operating licenses or construction permits for nuclear power
reactors and holders of licenses for permanently shutdown facilities with
fuel on site,

Purgose: ) | -

This information notice alerts addressees to potential problems resulting from
the accidental release of Kr-85 from decayed fuel. It {s expected that reci-
pients will review the information for applicability to their facilities and
consider actions, as appropriate, to avoid similar problems, However, sugges-
tions contained in this information notice do not constitute NRC requirements;
therefore, no specific action or written response is required.

Description of Circumstances:_

During the licensing reviews for the Oconee independent spent fuel storage
installation, and in the decommissioning of the La Crosse and Dresden Unit 1
power reactors, the NRC staff anaiyzed the radiological hazards associated

with the gases in decayed spent fuel. The age of the nuclear power industry
and the lack of a permanent repository for spent fuel have resulted in the
accumulation of decayed spent fuel., Decayed spent fuel is manipulated after
long shutdowns of operating reactors, during spent fuel pool re-racking, during
movement to alternate reactor sites or independent spent fuel storage instal-

~ lations, and during decommissioning. Analysis of hypothetical accidents
involving dacayed spent fuel has focused attertion on potential difficulties
that could be associated with the exposure of onsite personnel to an accidental
release of Kr-85. Kr-85 is a noble gas fission product that.is present in the
gaps between the fuel pellets and the cladding. It has a 10.76-year half-life,
and, as a result of the considerably shorter half-lives of virtually all other
"gaseous fission products (1-129 being the exception, but in low abundance),
Kr-85 becomes increasingly the dominant nuclide in the accident source term
for gap releases as decay times increase. After 2 weeks of decay, Kr-85 is

a significant nuclide in the source term, and after 190 days of decay, it is
the predominant gaseous nuclide for a gap release. The unusual decay character-
jistics of Kr-85 give cause for focusing attention on the onsite consequences
of a gap release from decayed fuel.

9001260198
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Discussion:

Kr-85 emits beta radiation with a maximum energy of 0.67 MeV.for 99.6 percent of
the decays and 0.51 MeV gamma radiation for 0.4 percent of the decays. Conse-
quently, direct exposure to this gas would result in a dose to the skin approxi-
mately 100 times the whole-body dose. Analysis of the relative consequences (in
terms of radiological doses) of a cask-drop accident as a function of decay time
of the fuel is illustrated in Figure 1. In the event of a serious accident
involving decayed spent fuel, protective actions would be needed for personne!
on site, while offsite doses (assuming an exclusion area radius of 1 mile from
the plant site) would be well below the Environmental Protection Agency's
Protective Action Guides. Accordingly, it is important to be able to properly
survey and monitor for Kr-85, and to assess the skin dose to workers who could
be expcsed to Kr-85 in the event of an accident with decayed spent fuel,

Licensees may wish to reevaluate whether Emergency Action Levels specified in
the emergency plan and procedures governing decayed fuel-handling activities
appropriately focus on concern for onsite workers and Kr-85 releases in areas
where decayed spent fuel accidents could occur, for example, the spent fuel
pool working floor., Furthermore, licensees may wish to determine if emergency
plans and corresponding implementing procedures address the means for limiting
radiological exposures of onsite personnel who are in other areas of .the plant.
Among other things, moving onsite personnel away from the plume and shutting
off building air intakes downwind from the source may be appropriate.

This information notice requires no specific action or written }espbnse. If you
have any- questions-about the information in this notice, please contact one of
the technical contacts listed below or the appropriate NRR project manager.

:;harIes E. Rossé;iéic;ctor [

Division of Operational Events Assessment
0ffice of Nuclear Reactor Regulation

Technical Contacts: Charles S. Hinson, NRR

(301) 492-3142

Robert A. Meck, RES
(301) 492-3737

Attachments:
1. Figure 1, Dose Consequences of 2
Spent Fuel Drop Accident
2. List of Recently Issued NRC Information Notices
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DOSE CONSEQUENCES OF
A SPENT FUEL DROP ACCIDENT
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e EES Will Spend
$65 Million A Year
On Conservation

3y SUSAN LINCTLN

_ New England Electric System. the second largest utility
in the six-state region, is embarking on 2 S65 million per
vear search for a new source of energy. Oil has not been
discovered in Boston harbor. nor coal in Vermont. but
NEES hopes to {ind megawarts in New England’s homes,
businesses. and factories.

_ NEES will be investing its millions in energy-efficient
light bulbs, air conditioning, electnic motors and building
design, according to the Westborough, Massachusetts-
based utility. Another 3500 miilion will be spent in New
England for energy erficiency measures over the next
three vears,

A twist in the venture is a partnership with the Conser-
vatlon Law Founaation. an eavironmental group tra-
ditionally at loggerneads with energy utilities. CLF and
NEES are collaboraung in the new program calied
“*Power by Design,'" which aims to ¢ase the region’s in-
creasingiy tight electricity suppiv and avoid building new
power piants by tapping into energy efficiency.

\ile CLF portrays the program as *‘a stroke of ge-
. and takes much of the creait for spurring the utility
to avtion, energy efficiency has been a company priority
“well before CLF entered the picture’’ said a NEES
spokesman. NEESPLAN, the uulity’s overall strategic
plan has included reducing electricity use through conser-
vation and efficiency since 1979, according to NEES
oresident John Rowe.

Douglas Foy, executive director of CLF, dubbed the
~roject the *‘third generation’' of energy conservation.
The tirst was the hardship model. turning down thermos-
tats. foregoing electric blankets and wearnng sweaters,
Foy said. The second generation was eiforts to get con-
sumers to buy energy efficient appiiances by offering re-
bates, performing energy audits and similar incentive
programs.

Yet these programs never seemed to take off. The miss-
ing piece was a ¢lear profit motive ior the electricity sup-
plier, the utility. Without the ability for the utility to earn
a return on the investment. Foy explained, conservation
measures were doomed to remain good public relations,
without serious impact on utilities’ projections of future
:nergy needs and their pians for new facilities.

Enter CLF. The group co-authored a report in 1987 tit-
ed Power to Spare. The report concluded that New Eng-
and could meet between 35 percent and 57 percent of its
‘otal electricity needs for the next twenty yem_through
:urrently available efficiency improvements, while main-
‘aining or increasing the region’s curreat rate of econo-

‘@ -owth. The energy supplied through efficiency
- . 20st between one-quarter and one-half the price of
ilowatts supplied from new power plants.

Lack of utility action or invesument was identified as a
xey obstacle to consideration of conservation. Power (0
Spare concluded that energy eificiency is a resource that
;hould be purchased like any other resource, not left to
:ustomers to rinance.

The crucial difference, Foy says, is to switch the utili-
ties from a goal of selling kilowatt hours to selling energy
services. [t's a return to the ideas of Thomas Edison. Foy
pointed out. The inventor’s original company sold light,
not kilowatt hours. If those services can be provided 10
the consumer for less kilowatts, no one loses—neither the
consumer nor the utility—and the environment gains in
avoiding the need for new plants. Utilities aiso avoid the
risky and resource-consuming task of trying to build new
capacity.

So in 1988 CLF took their case to four of the utilities
commissions in the New England region and won con-
verts. With ‘‘various degrees of coercion’' state reguia-
tory commissions in the area ordered the utilities to put
conservation on a “‘level playing field'’ with new power

. generation, said CLF staff attorney Stephen Burringion.

First to get off the ground was NEES. The Massa-
chusetts Department of Public Utilities ordered the utility
company to work with former adversary CLF to design
and implement state-of-the-art energy erficiency pro-
grams. Since such large scale direct investment in energy
efficiency by utilities is unprecedented. the jointly-
designed program was (o include rigorous monutonng
and evaiuation provisions., open to revamping as expen-
ence grows. ,

Now the ‘‘Power by Design’’ plan is set to launch, and
has already begun by retrofitting low-income houses in
Worcester, Massachusetts. The first year of the plan sets
a goal of 60,000 homes and |§ million square feet of of-
fice space to retrofit and redesign. NEES will spend over
365 million this year alone.

The program blazes some new ground in utility-spon-
sored energy efficiency programs, according to CLF's
Burrington. First is the scale of the project, and the direct
utility involvement, rather than indirect consumer incen-
tives programs. **{t represents the first attempt by a uuli-
ty to really go atter energy etficiency,’” said Burmington.

NEES will pay tor the additional expense of desigrung
an energy-efficient heating and cooling svstem for new
buildings. For existing buildings, the utility will replace
regular light bulbs with energy-efficient bulbs which use
one quarter of the electricity and last ten times as long as
incandescent bulbs—all at no cost to the homeowner or
business.

Second is a more complex, but crucial bookkeeping
change. Previously, utilities wrote off invesiments in
energy conservation as expenses. Thé cost of conserva-
tion investments were applied for that year only, provid-
ing a lower rate of return than investments in gew ge-
neration that were ratebased, or subject 1o long-term
amortization.

NEES has worked out a cost-recovery deaf with the uti-
lity commissions where conservation investments can be
included in the ratebase, earming interest oa the in-
vestment equal to capital sunk in new generaung capa-
city. As an additional carrot. the rateserters are allowing
an extra return to be earned by the utility.

Although ratebasing erficiency measures has been tried
before, for example in Wisconsin, the New England case
is different because the cost-recovery plan is tadored to
¢ncourage cost-effective energy efficiency measures, ac-
cording to Burrington. In addition, the utility commis-
sion has agreed to let the price per kilowatt to rise, mak-
ing up for the potential overail decrease in demand,

Susan Lincoin 1s a reporter for Environment Week, a sister
publicaton to The Energy Daily.
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A few highlights of seattle City Light Company’s
conservation effort:

-In Seattle, the power company advertiseé its
programs extensively through bill inserts as
well -as bus posters. '

-The company offers a free home energy check.
Inspectors are sent to individual residences,
supplying detailed recommendations on how the
homeowner can save through specific efficiency
measures. . ‘

=-At the time of their visit, power company
inspectors provide, free of charge, a slow-flow
shower nozzle and an efficient fluorescent bulb to
demonstrate advanced lighting technologies. An
accompanying brochure explains in layman’s terms
how the new technologies work, the long-term

cost savings and where more bulbs can be purchased.

-Recent technological developments allow :
fluorescent bulbs to be twisted into small compac
shapes. These are fitted at the bottom with
electronic "ballasts," which regqulate power flow
precisely. The entire unit screws into existing
Gas vapor inside a 15 watt
fluorescent bulb generates the same level of
illumination as the 60 watt metal filament of a
conventional incandescent mcdel. New formulations
of the bulb’s inside phosphor coating allow a more
pleasant, yellow tinted light than was previously
possible with fluorescents.

-0nce an energy audit has been performed, the
pover company assists homeownars in finding
independent contractors that will install storm
windows and put insulation in ceilings, floors and
valls. It is very common in Seattle to have liquid
foam insulation blown into walls through small 4
holes that are readily refilled. All work will be
inspected and warranted by the power company. The
standard pay-back period for insulation is five
years, after which the homecwner should show a
yearly net profit from his investment. '

-The power company provides a substantial financing
incentive to go ahead with an insulation plan. It
agrees to finance the project with an interest free
five year loan, or an immediate 350% cash rebate.

A few highlights from the Massachusetts Electric
Company’s conservation effort:

-The power company in 1990 will be placing bright
blue labels on efficient appliances in retail show
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rooms to aid consumers in their purchases.

-The power company also plans to install 70,000
efficient bulbs at no charge by going door to door
in low income neighborhoods. This program will
service almost a quarter of qualifying homes in the
company’s service area.

A few highlights of Indiana/Michigan Power’s
energy conservation effort:

-The Indiana/Michigan power company will install
and maintain an energy efficient water heater at no
cost, charging only a monthly rent. A timer in the
unit insures that heating occurs only during non-
peak hours when electricity is cheaper.

-Indiana/Michigan power also encourages businesses
to utilize geo~thermal climate control techniques.
Pipes filled with water and sugar (to prevent
freezing) are laid in the ground. The water is
drawn up inside the building where it’s nearly
constant 55 degree temperature supplies a base
level for either heating or cooling.

A highlight of Wisconsin Electric’s -
conservation effort:

-The electric company gives savings bonds to
customers when they turn in out-dated power gulping
appliances. An new efficient, refrigerator, for
example, uses about ten times less electricity than
a conventional model. The upfront costs are
higher, but over time they prove far more
economical to operate.

. A highlight of Florida Power Corporation’s

conservation effort:

-The power company sold inexpensive outdoor
security lighting. Security lights receive
constant use and thus are prime candidates for
energy saving. Properly engineered bulbs not only
drav less power but can last up to ten times as
long as conventional models.

A few highlights of SOuthorn California Edison’s
conservation effort:

-For many years Southern California Edison has
sponsored a toll free "Action Line®" which offers
customers a wide range of information on energy
conservation. The line handled nearly 140,000
inquiries in 1989. ‘
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=Southern California Edison spent more than $3
million in 1989 airing radio and TV spots featuring
Betty White and Ge)rge Burns. They described the
range of conservation programs available to utility
customers. :

-Southern California Edison also offers cash to
customers who invest in new climate control
methods. For example, it will provide up to $100
in reimbursement for an evaporator cocler or a heat

punp.

-Southern California Edison provides incentives to
businesses with the flexibility to reduce power
usage during times of greatest demand. Electric
power consumption varies considerably, depending on
time of day and year. During hot summer afternoons
when there is intense business activity coupled
with high air conditioner use, electric systems
face enormous burdens. Spreading power usage more

-evenly can eliminate the need for reserve

generating capacity used only to meet high peak
demand. That means fewer power plants.

=Southern California Edison offers substantial
incentives to architects for incorporating key
conservation features in their plans. For exanmple,
by adopting "daylighting" standards, .designers
maximize the amount of scolar illumination available
to a building, even in interior spaces. This is
just one of a host of conservation concepts bast
applied when a structure is first built. The
biggest and least costly energy savings are
achieved in this fashion. Energy specialists .
frequently decry the "lost opportunities” inherent
in traditional construction methods.

-There are a large number of steps that can be
taken to "retrofit® older commercial and
industrial buildings such as installing low
enissivity windows. These windows are
adjustable, allowing visible light to pass

" through while blocking heat. During the winter they

can be reset to allow entry of more heat. Motion
sensors can turn off lights after a-room remains
unoccupied for a short period. A central climate
control computer can sharply reduce inefficiencies
such as simultanecus heating and cooling in twe
parts of the same building. (Our own Sear’s tower
has relied heavily on air conditioning even during
the middle of wintar). Installing specially
arrayed silver coated light reflectors enhances
buldb brightness without the need for additional

power.
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Summary

The Hood River Conservation Project (HRCP) was intended to test the reasonable
upper limits of a residential weatherization program. It was proposed by the Natural
Resources Defense Council, funded by the Bonneville Power Administration, and operated
by Pacific Power & Light Company in Hood River, Oregon. This five-year, $20 million
research and ‘demonstration project installed as many cost-justified energy-conservation
measures in as many electrically heated homes in Hood River as possible. The measures
were aimed at the building shell to reduce electricity use for space heating and at water-
~ heating efficiency; no heating or water heating equipment was replaced.

"The Project had two parts. One was the weatherization of Hood River homes. Energy
audits were performed and measures were installed between fall 1983 and the end of
1985. The other was the research and supporting data collection, which began a year
before field activity started and continued for more than a year after measures were
installed. This research was critical to the Project’s success because HRCP was designed
to provide information on the appropriate role of Pacific Northwest utilities in securing
“conservation resources.”

This report summarizes both elements. Topics discussed include the background and
objectives of HRCP, the Project’s design and data resources, implementation and market-
ing efforts, household participation in the Project, weatherization measures installed, levels
and changes in electricity use, Project cost-effectiveness, and several supplemental studies
that used HRCP data to address issues beyond the scope of the original Project.

PROJECT DESIGN

HRCP was envisioned as a major research and demonstration project to provide infor-
mation on residential weatherization programs. Therefore, before field activities began,
substantial effort was devoted to planning the data collection and analysis needed to
address the critical issues facing the region’s utilities about such programs. The five key
. Project objectives were to determine:

* The effects of weatherization measures on annual electricity use and on peak demands
* The maximum penetration of the program and of the recommended measures

® The effectiveness of different marketing approaches

* The social dynamics related to the Project within the community

® The costs of the Project

A detailed evaluation plan was prepared in late 1982 to address these five objectives.
The plan called for collection of extensive and detailed data on the operation and effects of
HRCP. Data collection began several months before the Project officially started, with a
community assessment and baseline survey being conducted in early 1983.



A Regional Advisory Group, compased of regional energy experts representing dive
im‘crcsts, was established to guide the Project and to help maintain its research integr:
A Community Advisory Committee, made up of residents from different groups wit
Hood River, helped educate residents about HRCP and provided valuable feedback abc
community concerns with the Project. Both groups were established before the ene:
audits began.

PROJECT IMPLEMENTATION

Establishment and operation of the Project’s field office, delivery of energy auds
installation of measures, and inspection of contractor work can be divided into thr
phases: startup, expansion, and production. The startup phase, which lasted from Octob.
1983 through May 1984, included development of operating procedures and promotion
the Project throughout the community. Procedures were refined. and the Project’s sta
was increased during the seven-month expansion phase. More than three-fourths of tt
weatherization jobs were completed in the {inal vear (1985).

Participants in special projects were recruited during the summer of 1983 Thes
households played a crucial role in marketing the Project by letting their friends an
neighbors know about this new activity. This unanticipated word-of-mouth publicit
resulted in many requests for participation, more than the Project staff were initall
prepared to handle. :

Pacific Power & Light Company's (as well as Bonneville Power Administration's) cor
porate commitment to achieving 100% participation was a key element in the Project’
success. This commitment led to substantial autonomy, informality, and flexibility for the

Pacific Power & Light Company staff in Hood River. As a consequence. the staf.

developed a strong “can do” spirit of teamwork. In addition, the Regional Advisory Groug
provided strong consensus support for the Project throughout its lifetime.

PARTICIPATION

To achieve 100% participation among electrically heated homes., HRCP offered an
extensive package of weatherization measures, generally installed at no cost to the house-
hold. The Project also offered “one-3stop” convenience to participants; one phone call began
the entire process.

‘HRCP was a remarkably popular program. About 91% of the-eligible households
received at least an energy audit; 85% of the homes had major measures installed by the
Project. During the first three months of operation, more than one-fourth. of “the eligible
households signed up to participate (Fig: S.1). This dramatic response is in stark contrast
to the participation rates normally obtained in residehtial weatherization programs. For
example, about 9%/year of the eligible households participated in the Bonneville Power
Administration’s regionwide Residential Weatherization Program during its first two
years. The ofler of free weatherization and effective marketing explain much of the differ-
ence between response rates to HRCP and to other programs.

More than half the participants first learned about the Project from a friend, neighbor,
relative, or community leader. Thus, word-of-mouth was the primary information source
about the Project, much more important than newspaper articles, radio, TV, or billboards.
The local weekly newspaper, cited by 28% of the participants, was the second most impor-
tant information source. HRCP’s use of community involvement and one-on-one commu-
nication, coupled with full-cost reimbursement, can be replicated by other utilities to
achieve comparable participation rates in other conservation programs.

viii
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Fig. S.1. Housebold signups for HRCP from mid-1983. through nid-l?l!t. By
the end of 1983, about 40% of the eligible households had asked for energy audits.

The few households that were eligible but did not participate (about 250 of the 3500
eligible homes) differed somewhat from those that participated. Nonparticipants were
more likely to live in single-family homes and to own their homes. Nonparticipants also
had higher incomes and newer homes than did participants. Thus, in contrast to most
other conservation programs, HRCP attracted larger fractions of low-income households,
occupants of multifamily units, and renters.

The key factors leading to the Project’s enormous success in achieving high participa-
tion levels include:

* The offer of free' weatherization

¢ Determination on the part of HRCP staff to enlist every eligible household

* The use of community-based marketing approaches

* The reliance on extensive word-of-mouth communication among Hood River residents
(begun by the Project’s solicitation of households to participate in the special studies a
few months before HRCP officially began) .o

@ The early 1985 personal solicitations to the remaining nonparticipants by HRCP staff

INSTALLATION OF MEASURES

The Project paid for installation of measures up to an allowable limit based on the
avoided cost of a new coal plant, roughly four times the limit in other Northwest residen-
tial weatherization programs. ‘

Eighty-three percent of the measures recommended in the energy audits were installed.
These instailed measures were expected to save 6140 kWh/year (93% of the saving
expected if all the recommended measures had been installed; Fig. S.2).

_Ceiling insulation, storm windows, caulking, door weatherstripping, and outlet gaskets
were installed in more than two-thirds of the homes. On the other hand, duct insulation
and thermal doors were recommended and installed in less than 15% of the homes.
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Fig. 5.2. Electricity savings estimated by the energy audits for recommended
measures, installed and oot installed.

Overall, 46% of the 15 measures theoretically available in the HRCP packag
installed, 45% of the measures were neither recommended nor installed, and only 9°
recommended but not installed (Fig. S.3). Almost hall (45%) of the barriers that pre
installation arose because the measure was already partially or fully in place. whic
dered further installation cost-ineffective. Physical barriers accounted for 31% .
noninstallations, noncompatible conditions for 19%, customer concerns for 4%, and
barriers for the remaining 2%.

ELECTRICITY USE AND SAVINGS

HRCP performance was assessed in two ways with respect to electricity use (Fig
One computed the actual electricity savings caused by the Project’s measures. The s
approach examined post-HRCP levels of electricity use.

Postweatherization electricity use (1985/86) among participants was remarkably
averaging 16,000 kWh/year, of which space heating accounted for less than 5000
Even in single-family homes that used electricity as their primary heating fuel (ic.
little wood), total and space-heating electricity uses averaged only 20,000 and 7000 |
respectively. This space-heating use is equivalent to 4.2 kWh/ft® (2.6 Bru/ft
heating-degree day), which is less than the 5.6 kWh/ft? observed in recently constr
electrically heated single-family homes in the same climate zone. The low levels of
HRCP electricity use were caused by a combination of low levels of pre-HRCP elecu
use and the HRCP measures. After weatherization, the HRCP homes used less electr
for space heating than did the participants in other weatherization programs in the
on a climate-adjusted basis. .

Electricity use among HRCP participants before the Project began (1982/83) was
than 19,000 kWh/year, below levels expected in Hood River and below typical le
observed throughout the Pacific Northwest at that time. For example, single-family hc
used about 20,000 kWh/year in Hood River, compared with almost 25,000 k
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Fig. 5.3. Percentages of HRCP measures recommmended and installed. Slightly
less than half the measures theoretically available in the Project’s “package” were
installed; on the other hand, 83% of the measures recommended during energy audits
were installed.

throughout the region. Similarly, Hood River homes used less than 8,000 kWh/year for
space heating, far below the almost 13,000 kWh observed throughout the region.

These low levels of electricity use were associated with convenient access to and use of
wood, high unemployment, and dramatic increases in electricity prices; during the two
years preceding HRCP, real (corrected for inflation) electricity prices rose by 40% in
Hood River. Almost two-thirds of the participants used wood as their primary or supple-
mental heating fuel, probably because of increases in electricity prices and unemployment.
Use of wood reduced annual space-heating electricity use by as much as 6000 kWh per
wood-burning home. In addition, participation in prior conservation programs and grow-
ing public knowledge of how to save energy contributed to lower electricity use. Some of
the lower usage reflects behavioral changes that, unlike the HRCP measures, are revers-
ible. If electricity prices remain stable, households may relax their conservation behaviors,
which will effectively increase the HRCP-induced savings.

The reduction in electricity use (pre-HRCP minus post-HRCP; 1982/83 minus
1985/86) in weatherized homes averaged 2600 kWh/year (15% of preweatherization use),
almost ‘entirely because of reductions in space heating. Multifamily homes, mobile homes,
and single-family homes that used electricity as their secondary heating fuel saved less
than the average (Table S.1). On the other hand, single-family homes that had not partici-
pated in earlier weatherization programs saved 3050 kWh, much more than that saved by
the 1985 participants in the Bonneville Power Administration's regionwide weatherization
program (2000 kWh). However, HRCP spent an average of $5400/house on measures
and program administration, compared with $2300 for the Bonneville Power Administra-
tion program. , :

The actual savings averaged only 43% of those predicted during energy audits of these
homes. Differences between actual and predicted savings can be attributed to typical
discrepancies between actual savings and audit estimates, to pre-HRCP reductions in elec-
tricity use, and to post-HRCP changes in energy-related behaviors (e.g., higher indoor
temperatures and less use of wood).
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Fig. S.4. Comparison of anoual electricity use for space beating in single-
family homes. '

The most important reason for HRCP’s small savings was probably the low
pre-HRCP electricity use. Had electricity use averaged 25,000 kWh in 1982,8!
than 19,000 kWh, the savings would have been about 4,000 kWh. Other factors a
tributed to the modest electricity savings. Households took the efficiency imprc
provided by HRCP measures in terms of both reduced electricity bills and incr -
comfort and convenience. For example, reductions in wood use (pre- v
weatherization) increased electricity use, thereby cutting electricity savings by rou¢
kWh. This 300 kWh reduction in wood use is attributable to behavioral changes :
addition to a roughly 1500 kWh reduction associated with proportional savings
and electricity uses for space heating. Also, indoor temperatures increased slight!
average of 0.6°F after weatherization, which cut electricity savings by an additic
kWh/year.

LOAD REDUCTIONS

HRCP measures affected peak demands (kW) as well as annual electricity. use
Reductions in demand at the time of system peak can reduce capital costs associa
the construction of power plants intended to meet peaks, transmission lines, and
tion systems. The reduction in demand at the time of Pacific Power & Light Cc
system peak averaged 0.5 kW /house (about 10%). Load reductions increase as
temperatures drop. The reduction for all-electric single-family homes was abou
the average reduction.

COSTS

The HRCP budget was $20 million, split between implementation and
Implementation costs totaled $14 million, of which almost 80% was spent on in
of weatherization measures. Energy audits cost $171,000, air-to-air heat exchan
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Table S.1. Electricity savings for homes weatherized by HRCP

House Electricity Percentage of
type savings (kWh/year)  weatherized homes

Single-family 2900 65

Primary electric (4000) (15)

Other (2600) (50)
Multifamily 1600 17
Mobile home 2500 18

Average 2600

Total 100

other air-quality activities cost $1.3 million, and administration (including marketing and
computer costs) totaled $1.6 million. Thus, administrative costs amounted to about 14% of
the costs of weatherization materials and installation.

The average cost of HRCP-installed measures, including administrative expenses, was
$4400/house (exclusive of the air-to-air heat exchangers), of which the Project paid 99%.
Only 10% of the households paid anything for measures; their average payment was $430.

Weatherization costs increased with house age because improvements in construction
practices, stimulated by higher fuel prices and new construction standards, reduced the
need for and cost of measures in newer homes. For example, the costs were roughly three
times higher for homes constructed before 1945 than for homes built after 1979.

The research and evaluation costs amounted to almost $5 million. The largest cost
(almost $2 million) was for equipment to collect end-use load data from 320 Hood River
homes.

PROJECT ECONOMICS

Assessments of the costs to achieve HRCP savings (i.e., comparison of benefits and
costs) must be approached with caution because of the Project’s research focus. These
research goals led to tests of the maximum number and extent of measures that were pos-
sible candidates for inclusion in future regional conservation programs. As expected, some
measures and program-design features were more costly than others, so the total cost
represents a_meld of measures and design characteristics that include both “winners” and
“losers.” The data base established by the Project allows energy planners to estimate the
" cost of saved energy for a range of alternative program designs.

HRCP economics can be considered from two perspectives. One is retrospective,
focuses on the measured electricity savings, and probably underestimates the Project’s
economic benefits in this instance. Averaged over all weatherized homes, the annual sav-
ings were 2600 kWh/house. The average cost to achieve these savings was $4400/house,
equivalent to $1.70/annual kWh actual saving, substantially higher than the cost-
effectiveness limit ($1.15/kWh). Annualizing the $4400 cost (at a 3% real discount rate
and a 44-year lifetime) yields a cost of conservation of 7.1¢/kWh, higher than the 5.0¢
used by the Northwest Power Planning Coundil as the cost limit for conservation pro-
grams. These calculations give no credit to HRCP for increases in comfort and conve-
nience associated with less use of wood and warmer homes. Nor do the caiculations
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account for possible savings in transmission and distribution costs because of reductions in
load at the time of system peak. Finally, environmental benefits associated with reduced
electricity generation are not computed.

The second perspective, which probably overestimates HRCP benefits in this case, is
that of a utility planner deciding among alternative strategies to meet long-term power
needs. When HRCP was being designed, utility estimates of space-heating electricity use
averaged 13,000 kWh/year for single-family homes in the Pacific Northwest; final Hood
River figures for single-family homes with little or no wood heat were 6000 kWh lower.
Utilities did not predict the decline in electricity use that occurred in Hood River (and
other communities) during the early 1980s, and given the reversibility of much of the sav-
ings, there will be understandable reluctance to assume that such patterns can be sustained
indefinitely without utility intervention. When predicting long-term system needs, utilities
cannot count on independent customer actions that result collectively in large reductions in
electricity use; this is one reason why utilities invest directly in customer conservation
measures.

The ability to plan confidently for post-weatherization loads that are 6000 kWh below
forecast estimates would allow a utility to avoid an equivalent commitment to new gen-
erating capacity. These planning savings were obtained in Hood River at an average cost
of $5600 per single-family house heated primarily with electricity, or 3.7¢ /kWh.

SUPPLEMENTAL STUDIES

HRCP's focus on providing high-quality information to support decisions about
residential weatherization programs led to development of an extensive data base. These
data turned out to be valuable for purposes that went beyond the original HRCP objec-
tives. In fact, several additional studies were conducted that relied on these data:

¢ A random sample of 75 Hood River participants received the “House Doctor” treatment
to reduce infiltration in addition to the usual HRCP measures.

¢ Results obtained with an engineering model that calculates electricity use for space heat-
ing were compared with end-use load data from Hood River homes.

¢ The data collected from several surveys, both in Hood River and in the Pacific
Northwest, were used to assess the exterit to which Hood River results could be gen-
eralized to the region as a whole. (The primary conclusion is that the lessons learned
from HRCP can be applied to regional energy planning.)

- * Results obtained with a widely used method to adjust monthly electricity billing data for
differences in winter severity were compared with the end-use load data.

* The end-use load data were used to examine electricity use and savings for water heat-
ing, changes in indoor temperatures after weatherization, and use of wood for space
heating.

* Because these data are so valuable, end-use load data will be collected for at least two
more years. Monthly billing and survey data will aiso be collected to assess the durabil-
ity of electricity savings produced by HRCP measures.

In summary, HRCP demonstrated the feasibility of gaining nearly 100% participation
from eligible households in an aggressive weatherization program. Probably because of the
substantial financial incentives and the commitment to achieve high penetration rates, 85%
of the electrically heated homes installed most of the recommended measures. The
measured reductions in electricity use were substantiaily below initial expectations, pri-
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HRCP Facts, Figures, and Findings

A five-vear demonstrauon (1983-1987), funded by Bonneville Power
Administration and run by Pacific Power & Light Company, focused
on informauon needed for regional energy planning about residential
weatherization potentials.

Aimed at weatherizing 100% of eiectric-heat homes in Hood River with an
extensive set of measures installed at no cost to the households.

Cooperation was key element of Project, included participation from
Bonneville Power Administration, Pacific Power & Light Company,
Natural Resources Defense Council, Northwest Power Planning
Council, Northwest Public Power Association, Pacific Northwest
Utilities Conference Committee, and others. ‘

Achieved almost complete participation:
91% of homes received energy audits,
85% of homes had major measures installed, and
participation even greater from renters and other hard-to-reach
groups than {rom single-family homeowners.

Most (83%) of the recommended measures were installed, accounting for
93% of estimated electricity savings.

Eiectricity savings (2600 kWh/year, 15% of pre-Project levels) were less
_than expected, primarily because pre-HRCP electricity. use was very
low. '

Post-HRCP electricity use among primary-electric single-family homes

was very low, better than either typical new-home construction or
postweatherization levels achieved in other programs.

Project cost $20 million (75% fieldwork and 25% data and analysis);
weatherization costs averaged $4400 per house.




marily because pre-HRCP levels of electricity use were already quite low. On the other
hand, the combination of HRCP savings and low prior levels of usage led to very low lev.
els of electricity use after HRCP, lower than those in typical new homes constructed dur-
ing the early 1980s and far below levels obtained in other weatherization programs
throughout the U.S.

In addition, HRCP showed that groups that are normally adversaries can design and
implement an important project and see it through to completion. The Regional Advisory
Group, which included a diversity of interests within the region, met monthly from 1982
to the present. This group guided the project through its difficulties and was largely
responsible for the Project’s delivery of high-quality information on residential weatheriza-
tion programs.

HRCP results have already proven useful, to both the Bonneville Power Administra-
tion (in their review of residential conservation programs) and the Regional Council (in
development of their regional plan). The value of HRCP results stems from the high-
quality data collected by the Project and the ongoing attention to process and results from

the Regional Advisory Group.
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Table 3. HRCP conservation measures

Measure

Target level

Home energy audit

Ceiling insulation and
appropriate ventilation

Floor insulation®
Wall insulation

Cold and hot water pipe
insulation to water heater

Dehumidifiers and air-to-air
heat exchangers?

Clock thermostats

Duct insulation

Storm windows and thermal

All electrically heated homes®

_R-49

R-38
R-11 to R-19

R-3

As required
Where applicable

Crawl space R-11, attic R-30,
where applicabie

Triple-glazing

replacement sash and glazing
Thermal doors and double-
glazed sliding doors Where applicable
Caulking and weatherstripping - Where applicable
_ Outlet and switchplate gaskets Where applicable
Heat pump conversion of Where appropriate conventional
existing furnace system® measures cannot be installed
Electric water heater wraps® R-11
Low-flow showerheads and other
hot water flow regulatory As required
Souree: Peach et al. (1984).

‘Audits were provided 1o homes heated with nonelectric fuels,
primarily to maintain good relations with the community.
*Includes insulation of hot and cold water pipes, if under the

floor.

' “These four low-cost measures were installed by the auditor at
the time of the energy audit or soon thereafter.
“These measures were installed only in special circumstances. -
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. 4.0 RESULTS AND DISCUSSION

A111of the scheduled collections and analyses were made except those listed in
Table 5.3.

A1l results are summarized in Table 5.4 in a format recommended by the Nuclear
Regulatory Commission in Regulatory Guide 4.8, For each type of analysis of
each sampled medium, this table lists the mean and range for all indicator
locations and for all control locations. The locations with the highest mean
and range are also shown.

4,1 Atmospheric Nuclear Detonations and Nuclear Accidents

There were no reported atmospher1é nuclear tests in 1989, The last
reported test was conducted on October 16, 1980 by the People's Republic
of China. The reported yield was in the 200 kiloton to .1 megaton range.

There were no reported accidents at nuclear reactor facilities in 1989.

4,2 Program Findings

Results obtained show background levels of radiocactivity in the environ-
mental samples collected in the vicinity of the Prairie Island Nuclear
Generating Plant in 1989, with the exception of some of the additional
special ground water samples and well water samples. '

Ambient Radiation (TLDs)

Ambient radiation was measured in the general area of site boundary, at
outer ring 4 - 5 mi distant from the Plant, at special interest areas,
and at one control location. The means ranged from 15.7 mR/91 days at
- inner ring locations to 17.0 mR/91 days at outer ring locations. The
mean at special locations was 15,2 mR/91 days and 16.7 mR/91 days at
the control location. The differences are not statistically significant.
The dose rates measured at all indicator and control locations were
similar to those observed in 1978 (12.1 and 15.1 mR/91 days, respec-
tively); in 1979 (12.6 and 15.3 mR/91 days, respectively); in 1980 (11.2
and 13.5 mR/91 days, respectively),; in 1981 (13.0 and 14.5 mR/91 days,
respectively); in 1982 (12.0 and 13.0 mR/91 days, respectively),; in



1983 (13.0 and 14.9 mR/91 days, respectively); in 1984 (13.9 and 15.3
mR/91 days, respectively); in 1985 (13.9 and 15.3 mR/91 days, respec-
tively); in 1986 (16.6 and 17.0 mR/91 days, respectively), in 1987
(15.4 and 16.0 mR/91 days, respectively) and in 1988 (16.2 and 16.7 mR/91
days, respectively). No plant effect on ambient gamma radiation was
indicated.

Airborne Particulates

The average annual gross beta concentration in airborne particulates was
nearly identical at both indicator and control locations (0.028 and 0.027
pCi/m3), respectively. and was slightly h1gher than the levels observed
in 1982 (0.026 pC1/m ), 1983 (0.023 pCi/m3), 1984 (0.024 pC1/m ),
1985 (0.025 pCi/m3), 1986 (0.025 pCi/m3), and 1987 (0.024 pCi/m3).
It was slightly lower than in 1988 (0.030 pCi/m3 at both indicator and
control locationsy The average of 0.025 pCi/m3 for 1986 does not in-
clude the results from May 19 to June 9, 1986, which were influenced by
the accident at Chernobyl.

A spring peak in beta activity had been observed almost annually for many
years (Wilson et al., 1969). It had been attributed to fallout of
nuclides from the stratosphere (Gold et al., 1964). It was pronounced
in 1981, occurred to a lesser degree in 1982, and did not occur in
1983, 1984 1985, 1987 or 1988, In 1986, the spring peak could not be
identified because it was overshadowed by the releases of radioactivity
from Chernobyl. The highest averages for gross beta were for the month
of January and the first quarter. The increase of beta activity during
winter months were also observed in 1983, 1984, 1985, 1986 (exclusive of
the period between May 19, 1986 and June 9, 1986), 1987 and 1988.

Two pieces of evidence indicate conclusively that the elevated activity
observed during the fourth quarter was not attributable to the Plant op-
eration. In the first place, elevated activity of similar size occurred
simultaneously at both indicator and control locations. Secondly, an
identical pattern was observed at the Monticello Nuclear Generating
Plant, about 100 miles distant from the Prairie Island Nuclear Generat1ng
Plant (Northern States Power Company, 1989).

Gamma spectroscopic analysis of quarterly .composites of air particulate
filters yielded similar results for indicator and control locations.

Beryllium-7, which is produced continously in the upper atmosphere
by cosmic radiation (Arnold and Al-Salih, 1955), was detected in all
samples. All other gamma-emitting isotopes were below their respective
"LLD limits.

Airborne lodine

Weekly levels of airborne 1od1ne-131 were below the lower limit of
detection (LLD) of 0.07 pCi/m3 in all samples.
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lodine-131 results were below the detection limit of 1.0 pCi/1 in all

samples. '

Cs-137 results were below the LLD level of 15 pCi/1 in all 'samples. No
other gamma-emitting isotopes, except potassium-40, were detected in any
milk samples. This is consistent with the finding of the National Center
for Radiological Health that most radiocontaminants in feed do not find
their way into milk due to the selective metabolism of the cow. The
common exceptions are radioisotopes of potassium, cesium, strontium,
barium, and iodine (National Center for Radiological Health, 1968).

In summary, the milk data for the 1989 show no radiological effects of
the plant operation.

Drinking Water

In drinking water from the City of Red Wing-well, tritium activity was
below the LLD level of 330 pCi/1 in all samples. Iod1ne 131 activity was
also below the LLD level at 1.0 pCi/1 in all samples. As with the other
well water samples, all analyses for gamma-emitting isotopes yielded
results below detection 1imits. Gross beta averaged 7.5 pCi/1 and was
similar to the levels observed in 1979 (10.5 pCi/1), 1980 (11.8 pCi/1),
1981 (10.7 pCi/1), 1982 (8.9 pCi/1), 1983 (8.0 pCi/1), 1984 (7.9 pCi/1),
1985 (7.1 pCi/1), 1986 (6.8 pCi/1), 1987 (7.9 pCi/1) and 1988 (8.0 pCi/1).

River Water : ' "

At the upstream and downstream collection sites, quarterly composite
tritium levels were below the LLD level of 330 pCi/1 in all samples.

River watef was also ahalyzed for gamma-emitting isotopes. All gamma-

emitting isotopes were below their respective ‘detection 11m1ts. There
was no indication of a plant effect.

Well Water

At thé control well P-25, Kinneman Farm and three indicator wells (P 8,
Community Center; P-10, Lock and Dam No. 3; and P-9, Plant Well No. 2) no
_tritium was detected above LLD level of 330 pCi/1 in all samples.

Gamma-emitting isotopes were below the detection limits in all samples.

Special Well Water, Ground Water and Surface Water

At four additional wells (P-27, Nauer Residence; P-28, Perkins Residence;
P-29, Childs Residence; and P-6, Lock and Dam No. 3 Well, no tritium was
deteciad above LLD level of 190 pCi/1. At the well P-24d, Suter's Deep
Well, the level detected was 1430 pCi/1; at the well P-24s, Suter's Shallow
Well, the level detected was 1070 pCi/1; at the well P-26, Prairie Is1and"|’
Training Center, the level detected was 300 pCi/1.
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At three surface water sites near the plant (P-33, Pickerel Slough; P-34,
Duck Pond; and P-35, Refuge Pond) no tritium was detected above LLD level
of 190 pCi/1.

At two ground water seepage points the results were: for P-31, Birch Lake
Seepage No. 1, the level was 820 pCi/1; and for P-32, Birch Lake Seepage
No. 2, the level was 540 pCi/l.

Gamma-emitting i{sotopes were below the detection limits in all samples,

The Special Well, Ground, and Surface Water results are contained in Table
5.5,

Crops

Two samples of cabbage were collected in September and analyzed for 1-131.
The 1-131 level was below 0.047 pCi/g wet weight in both samples. There
was no indication of a plant effect.

The field sampling personnel conducted a survey and found that there was
no river water taken for irrigation into fields within 5 miles down stream
form Prairie Island Plant. Therefore, it was not necessary to collect and
analyze corn samples. :

Fish
Fish samples were collected in May and September, 1989. The only isotope
detected was naturally-occuring potassium-40 and there was no significant

difference between upstream and downstream results. There was no indic-
ation of a plant effect.

Aquatic Insects or Periphyton

Aquatic insects (invertebrates) or periphyton were collected in May and
September, 1989, The samples were analyzed for gamma-emitting isotopes.
A1l gamma-emftting {isotopes were below their respective LLDs. No plant
effect was indicated. :

Bottom and Shoreline Sediments

Sediment collections were made in May and September, 1989. The samples
were analyzed for gamma-emitting isotopes. .

Cs-137 was detected in one bottom sediment upstream sample (0.077 pCi/g
dry weight) and one shoreline sediment sample (0.028 pCi/dry weight),

A1l other gamma-emitting isotopes, except naturally-occurring potassium-
~ 40, were below their respective LLDs. No plant effect was indicated.
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Ta‘ 5.1 Sample coliection and analysis program, 19\’

Prairie Island

Collection Analysis
Locations Type and Type and
Med fum No. Codes (and Type)d FrequencyP Frequency®
Anbient radiation 32 P-01A - P-10A c/Q Ambient gamma
(TLDs) p-018 - P-158
P-01S - P-06S
P-01C
Airborne particulates 5 pP-1(C), P-2, C/HW GB, GS (QC of
: P-3, P-4, P-6 each Yocation)
Airborne iodine 5 p-1(C), P-2, P-3 C/W I-131
P-4, P-6
Milk 5 P-16 to P-18, 6/md 1-131, GS
P-25(C), P-14
River water 2 P-5(C), P-6 G/W GS(MC), H-3(QC)
Drinking water 1 P-11 G/HW GB(MC), I-131(MC)
GS(MC), H-3(QqC)
well water 4 p-25(C), P-6, 6/Q H-3, GS
pP-8, P-9
Edible cultivated 2 p-25(C), P-24 G/A 1-131
crops - leafy green
vegetables
Special Well Water 3 p-27, pP-28, .P-29 G/Q H-3, GS
Special Ground Water 3 p-24d, P-24s, P-26 G/M H-3, GS
2 P-31, P-32 G/M H-3, GS
Special Surface Water 3 P-33, P-34, P-35 G H-3, GS
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Table 5.1. Sample collection and analysis program, 1989 (continued)

Prairie Island

Collection Analysis
__Locations Type and Type and
Medium No. Codes (and Type)? Frequencyb Frequency®

Edible cultivated 2 P-25(C), P-20 G/A ’ GS
crops - corn |
Fish (one species 2 P-5(C), P-6 G/SA GS
edible portion)
Periphyton or 2 P-5(C), P-6 G/SA GS
invertebrates
Bottom sediment 2 p-5(C), P-6 ' G/SA 6S
Shoreline sediment | P-12 G/SA "GS

3 Location codes are defined in Table 5.2.
b stations are indicators.

Control stations are indicated by (C). All other

Collection type {s coded as follows: C/ = continuous, G/ = grab. Collection frequency is coded
as follows: W = weekly, M = monthly, Q = quarterly, SA = semi-annually, A = annually.
Analysis type is coded as follows: GB = gross beta, GS = gamma spectroscopy, H-3 = tritfum, [-131 =
d jodine 131. Analysis frequency is coded as follows: MC = monthly composite, QC = quarterly composite.
Milk 1s collected biweekly during the grazing season (May - November) if milch animals are on pasture.
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Table 5.2. sampling locations.

Code  Type' Name Location

P-1 c Alr Station P-1 11.8 mi @ 316°/NW
P=2 Air Station P-2 0.5 mi @ 294°/WNW
P=3 Air Station P-3 0.8 mi@ 313°*'/NW
P-4 Air Station P-4 0.4 mi @ 359°*/N
P-5 c Upstream of Plant 1.8 mi @ 11°*/N
P-6 Lock & Dam #3 & Air Station P-6 1.6 mi @ 129°/SE
P-8 Community Center 1.0mi @ 321°/WNW
P-9 Plant Well #2 0.3 mi @ 306°/NW
P-11 City of Red Wing 3.3mi@ 158°/SSE
P-12 .Recreational Area 3.0mi @ 116'/ESE
P-14 Gustafson Farm 2.2mi @ 173°*/SSE
P~1l6 Johnson Farm 2.6 mi @ 60°/ENE
P-17 Place Farm 3.5mi @ 25°/NNE
P-18 ' Christensen Farm 3.7 mi @ 88°'/E
P-20 River Irrigated Corn Field=*

P=-24 Highest D/Q Garden*»

P=-244 Suter's Deep Well 0.6 mi @ 158°/SSE
P=-24s Suter's Shallow Well 0.6 mi @ 158°*/SSE
pP-25 c Kinneman Farm 11.1 mi @ 331°/NNW
P-26 PINGP Training Center : 0.4 mi @ 258°/WSW
P=27 Nauer Residence 0.9 mi @ 154°/SSE
p-28 Perkins Residence 1.0mi @ 152°/SSE
P-29 Childs Residence 1.2 mi @ 149°/SSE
P-31 Birch Lake Seepage No. 1 0.8 mi @ 169°*/SSE
P=-32 Birch Lake Seepage No. 2 0.7 mi @ 179°/8
P=-33 Pickerel Slough No. 1 1.4 mi @ 140°*/SE
P-34 Duck Pond No. 1 0.4 mi e 169°'/SSE
P=-35 . Refuge Slough 1.2 mi @ 140°/SE
P-01A Property Line 0.4 mi @ 359°/N
P-02A . Property Line 0.3 mi @ 10°/N
P-03A Property Line 0.5 mi @ 183°/S
P=-04A Property Line 0.4 mi @ 204°/SSW
P-05A Property Line 0.4 mi @ 225°/SW
-P=06A Property Line 0.4 mJ. @ 249° /WSW
P=-07A , Property Line 0.4 mi @ 268°/W
P-08A Property Line 0.4 m. 9 291°/NNW
P-09A ‘Property Line " 0.7mi @ 317°/NW
P-10A Property Line 0.5mi @ 333°/NNW
P-01B Thomas Killian Residence 4.7 mi @ 355°/N
P-02B Roy Kinneman Farm 4.8 mi @ 17°/NNE

8 no' denotes control location. All other locations are indicators.

* Collected only if river water is used to irrigate the cornfields
(Technical Specification Revision No. 80, effective 11=-14-86).
#*# This location is not predetermined
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Table 5.2. Sampling locations. Prairie Island
Code Type® Name Locatioen
P-03B Wayne Anderson Farm 4.9 mi @ 46°/NE
P-04B Nelson Drive (Road) 4.2 mi @ 61°/ENE
P-05B County Road E and Coulee 4.1 mi @ 102°*/ESE
P-06B William Houschildt Residence 4.4 mi @ 112°/ESE
P=-07B Red Wing Service Center - 4.7 mi @ 140°'/SE
P-08B David Wnuk Residence 4.1 mi @ 165°/SSE
P-09B Highway 19 South 4.2 mi @ 187°/s
P-10B Cannondale Farm 4.9 mi @ 200°/SsSW
P-11B Wallace Weberg Farm 4.5 mi @ 221°*'/sw
P-12B Roy Gergen Farm 4.5 mi @ 247°'/WsW
. P=13B Thomas O'Rourke Farm 4.4 mi @ 270°/W
P-14B David J. Anderson Farm 4.9 mi @ 306°'/NW
P-15B Holst Farms 4.2 mi @ 347°/NNW
P=-01S Federal Lock & Dam #3 1.6 mi @ 129°/SE
P-02S Charles Suter Residence 0.6 mi @ 158°/SSE
P-038 Carl Gustafson Farm 2.2 mi @ 173°/s
P-04S Richard Burt Residence 2.0 mi @ 202°/SSW
P-05S Kenney Store 2.0 mi @ 270°/W
P-06S Earl Flynn Farm 2.5 mi @ 299°/WNW
P-01C Robert Kinneman Farm 11.1 mi @ 331°/NNW

4 ncw denotes control location.

16

All other locations are indicators.



Table 5.3. Missed collections and analyses, 1989. Prairie Island Nuclear
Generating Plant. All required samples were collected and analyzed
as scheduled except the following.

Collection Date

Sample Analysis Location or Period Comments
Thermoluminescent Ambient . P-138B ‘2nd Qtr, 1989 Lost in the
Dosimeters (TLDs) Radiation | field.,
Milk 1-131, Gamma P-17 07-05-89 Samples not
avaijlable.
Afr Particulates Gr. beta P=3 07-24-89 Improper
and Charcoal [-131 mounting.
Air Particulates Gr. beta P=2 08-22-89 Pump failure.
and Charcoal I-131
Air Particulates Gr. beta P-6 09-25-89 Lost in the
and Charcoal 1-131 Field.

17
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Table 5.4.

Name of Facility _ Prairie I1sland Muclear Generating Plant
Location of Facility

p— - e — — -

Sample
Type
{untts)
o .
{wR/9) days)
{inner Ring,
General Ares at
Site Boundary)

ne
sR/91 days)
Outer Ring,

4-5 ailes
distant)

o
R/ days)
Special

interest Areas)
o

{=R/91 days)
{control)

Airborne
Part lc!I ates
(pCi/a’)

Type an
Number

Gasma.

Environmental Radiological Monitoring Program Summary.

Dochket No.

d
of

Analyses®

23

Goodhue, Mimnesota

wupd

f— e o

o

3.0

3.0

0.022

0.00)7
0.0019
0.0014
0.0034
0.0034
0.001?
0.0)4

0.0014

(County, State)

Location with H

Reporting Period

50-282, 50-306

ighest

Indtcator
Locations Annusl Mean o
Mean (F)¢ Mean (F)
Range® Locationd Range
15.7 (40/40) P-03A Property Line| 17.4 (4/4)
(12.0-19.4) 0.5 af @ 183%/S {23.6-19.1)
17.0 (59/59) P-028 R. Kinneman 19.0 {4/4}
{(11.7-22.7) Farm, 4.8 i @ 17°/N (14.5-21.0)
P-038 W. Anderson 19.0 (4/4)
Farm, 4.9 ;1 @ 46°/NE| (15.3-21.8)
P-048, Nelson Drive 19.0 (4/4)
4.2 @ @ 61°/ENE (15.6-20.8)
15.2 (24/724) P-03S, C. Gustafson 17.4 (4/4)
(11.0-20.6) Farm, 2.2 1 & (12.4-20.6)
168°/SSE
None P-01C. R. Kinneman 16.7 (4/4)
Farm, 11.1 mi @ {15.4-18.5)
331*/mimd ) ' B
0.028 (201/201) | P-2, Station P-2 0.029 (50/50)
{0.006-0.092) 0.5 mi @ 294°/um (0.006-0.075)
0.067 (16/16 P-2, Station P-2 0.073 (4/4)
(0.046-0.099 0.5 mi @ 294°/unid (0.056-0.092)
aip - -
<t - -
<LLD - -
<«LD - -
«ib - -
<ip - -
<LiLD - -
<l - R

January - December 1989

Control

Locations
Mean (F)
Range

{See control

below)

(See control
below)

{See control
below)

16.7 {4/4)
{15.4-18.5)

0.027 (51/51)

(0.011-0.062)

0.064 (4/4)
{0.053-0.071)

<10
<LiLD
<«ti0
<atd
<«@id
<«ip
A<ll0
<tiD

Nusber of
Non-rout ine
Results®

c € o o o e oo o




Table 5.4. Environmental Radiological Monitoring Program Susmary (continued)

61

Mame of Facility _ Prairie Island Nuclear Generating Plant  Docket Mo. _50-282, 50-306 .
Locatfon of Facility ___  Goodhue, Minnesota _ _  Reporting Period __ January - December 1989
* (County, State)
[ r r Indicator r Location with Highest I - Control
Sample Type and tocations o _______Anoual Hean . Locatfions Number of
lyr | Wmber of Mean {F)¢ [ 7" Mean TFY Mean (F) Non-rout tne
{units) Analysesd LLD® RangeC Locationd fznge Range Resultse
A{rborne Cs-137 0.0017 - dalLb - - <LLD 0
nmc!um
pCi/at) Ba-La-140 0.0099 <Lid - - <«Lb 0
continued) Ce-141 0.0029 Ao - ; ) 0
Ce-144 0009 | a0 | - -1 aw 0
Atrdorse i-131 252 0.07 410 - - <LLD 0
lodine .
(pCi/m3) T I T
—q— - —_——
nilk ] - % 1.0 aLp - - LD 0
{pCiN1) e "
K-40 100 1340 (60/60) iP-14, Gustafson Farm | 1360 (16/16) 1300 (16/16) 0
(1180-1720) 2.2 mi @ 168°/5SE {1200-1610) {1170-1530)
Cs-134 15 <ld - - <«@Lp 0
" €s-137 15 Lo - - L0 )
Ba-La-140 15 <«tb L S T _.‘l.l_ﬂ v 0
—;r_l-nki__ Hater 68 12 1.0 1.5 (12/12) IP-11, City of Red 7.5 {12/12) None 0
(pCt/Y (5.0-9.4) uln’, 7.1 mt @ (5.0-9.4)
135%/s¢E
i-131 12 1.0 <ib - - None 0
"3 o 3 aLd . ; None o
GS i2
n-54 15 <LLD - - None 0
fe-59 30 <LLD - - Hone L]
Co-56 15 1 auw - ; None 0
Co0-60 15 LD - - None 0
In-65 . 30 <id - - None 0
Ir-Nb-95 i 15 L0 - - None 0
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Table 5.4. Environmental Radiological Monitoring Program Summary (continued)

Name of Facility _Prairte Island Nuclear Generating Plant  Docket No.  _  50-282, 50-306
Location of Facility =~ Goodhue, Minnesota ~ Reporting Period . January - December 1989
(County, State)
- : B e e e e e e e
Sampile Type and ll,z:::::: ________ ‘ f_ft:«;;;_: t;e_a'_.c‘lg_hf“__ . lﬁz'.':ms Nusber of
Type Mmber of Mean (F)C Mean (F) Mean (F) Won-rout ine
{uaits) Aalyses? tod ‘Range€ Locationd Range Range Resultse
Drinking Mater | Cs-134 10 T aw i - . Mone e
:2(:“) Cs-137 10 alo - - None 0
Ba-La-140 15 aw - - None )
A, 1 s | aw I I -1 None °
River Uater #-3 8| 30 410 - - aLd 0
{oLisY) s 2
m-54 15 aio - - e 0
Fe-59 k(] «i0 - - <«Lb 0
Ce-58 15 aip ' - - aid 0
Co-60 15 aipd - - <«ibd 0
In-65 k i} <id - - <«id 0
Cs-134 15 <aLd - - LD 0
Cs-137 18 <l - - @i 0
Ba-La-140 15 ato - - aro 0
Ce-144 & ] a L T aio 0
el water | #3 | 16 | 3% aw A . ai 0
{pCi/0) s 1
Mn-54 15 Lo - - , ALd 0
fe-59 k i) <«to - - <110 0
Co-58 - 15 ai - - Lo 0
Co-60 15 aLo - - «iLd 0
In-65 0 <LLD - - @i 0
Ie-M-95 15 aw ' - - Lo 0
Cs-13 10 a - - Lo 0




Table 5.4. Environmental Radiological Monitoring Program Summary (continued)

Name of Factlity Prairie Island Nuclear Generating Plant

Location of Facility __ _ Goodhue, Minnesota
(County, State)

. Docket No.__ _50-2082, 50-306 i
Reporting Period __ Januvary - Decesber 1989

12

F Indicator Location with Highest Control
Sample Type and Locations L Annual Mean R Locations Number of
Type maber of Mean (F)C Mean TF) Mean (F) Non-rout ine
(units) Aalyses? LLob Range€ Locationd Range Range Results®
Well Water Ce-60 15 <ALd - - <LLD 0
(sCiNn)
{continued) In-§5 0 <LLD - - LD 1]
Ir--95 15 <10 - - «aLb 0
Cs-134 10 <LL0 - - <LLD (i}
Cs-137 10 aio - - <LLD 0
fa-1a-140 15 <aLo - - <LLD 0
Ce-144 n qid - - <tLD 0
b . —-w -------- P———v’-—‘——--«——-r' ———— e e e eo—- s - - Cmm e e - - -
Crops-Cabbage r 1-13 2 0.047 ald - - <10 0
(pCi/g wat I Y D
Fish - Flesh & ]
(pCi/p wat) X-40 0.1 3.58 (2/2) P-6, Lock and Dam 3.58 (2/2) 3.1 (272) 0
(3.27-3.88) No. 3, l.6ml {3.27-3.88) {2.37-3.85)
129°/5€
m-54 0.046 qaio - - <LLD 0
Fe-59 . 0.15 aid - - <LLD 0
Co-58 0.042 aip - - alp 0
* Co-60 0.031 aLp - - ) 0
In-65 0.089 LRE - - <«atd 0
Ir-Mb-95 0.065 <LLD - - <« 0
Cs-134 0.030 <ALD - - <AL 0
Cs-137 0.035 <LLD - - <LiD 0
fa-ta-l40 | o022 | a0 ) - <o (i




Table 5.4. ° Environmental Radiological Monftoring Program Susmary (continued)

Mame of Facllity _ Prairie Island Muclear Generating Plant )

tocation of Facility ___ Goodhue, Minnesota
(County, State)

Docket Mo.
Reporting Period _ January - December 1989

$0-282, 50-306

Indicator Contro?

a2

Location with Highest
Sample Type and Locations e Annual Mean X Locations Wumber of
Type umber of Mean (F)C - Mean (F) Mean (F) Non-rout ine
{vatts) Analysesd Lwod RangeC Locationd Range Range Resultse
iavertebrates [ 4

(pci/g wet) Be-7 . alo - - «ALD

Kk-40 0.% 2.66 (2/2) P-6, Lock and Dam 2.66 (2/2) 0.85 (2/2) 0
(0.66-4.66) Ho.d l.6ml @ (0.66-4.66) (0.79-0.91)
129°/s€
Mn-54 0.16 <tid - - <ib 0
Ce-58 0.49 . dLb - - <aid 0
Ce-60 0.095 «alLb - - <aLD 0
In-65 0.3 a.p - - <LLD (1]
1r--95 1.03 4w - - Lo 0
Ru-103 1.69 410 - - <«LD. 0
Ru-106 1.09 al0 - - <«iLD 0
Cs-134 0.10 atd - - R 0
Cs-13? 0.11 <aLp - - <ALD 0
. Ba-La-140 0.3% aio - - <«aLb 0
Ce-141 2.65 e - - ] 0
Ce-144 0.69 4o - - <LLD 0
kit R AR LT R et it e dadly bttt e e e e e B - - P
Sottom and 65 [

Shoraline

Sediments Be-7 0.38 <aLd - - R 0

(pCi/g éry)
K-40 1.0 .66 (4/4) P-12, Recreational 9.47 (272) 8.75 (2/2) 0

(7.83-9.56) Area 1.4 mi g {9.39-9.56) (8.37-9.14)
16°/ESE

"n-54 29 <10 - - <LLD 0
Co-58 k /] {l_l_ll- o - - «aio 1]
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Teble 5.4. Environmental Radfological Monitoring Program Summary (conttinued)

Name of Facility

Prairie Island Nuclear Generating Plant

Location of Facllity

Goodhue, Mianesota

(County, State)

Docket No.

50-282, 50-306

Reporting Perlod

January - December 1989

Indicator Location with nighest Control
Semple Type and Locations Annual Mean Locations Number of
Type Munber of Mean (F)€ Fean (F] Mean (F) Non-rout tne
(unfts) Analyses® tod Range€ Locatfond Range Range Resultse
Spectal H-3 6 190 93 (3/7) P-244 Suter's Deep 1430 (1/1) <«Lp 3
Meil uater (300-1430) Well 0.6 mt  158° .
{ecin)
6S - auo - - <«lD 0
Spectial Ground #-3 190 . 680 (272) P-31 Birch Lake 820 (1/1) <«AiD ?
Vater (540-820) Seepage 1 0.7 mf
imn)
(o 6S - <id - - <LiLD 0
Special Surface H-3 19¢ <alo - - «aLp 0
[ ter (pC1/1) 6s 3 _ aw - - Lo ]
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Table 5.4.

Eaviconmental Radielegical Monltoring Program Susmary (continued)

Name of Facllity

Pratrie Island Nuclear Generating Plant

Locatien of Facllity

___Goodhue, Ninnesotd

(County, State)

8 GB = Gress beta; G5 = goama scaa.

Docket Mo. ..
Reporting Period _  January - December 1989

$0-282,

s0-306 .

. indicator Location with Highest
Sempia Type and Lecations o _Annua) Mean
Type Musbar of Mean (F)C Wean ¥
{uatts) Analyses? [TV fange€ Locat fond Range
fottam and Co-60 0.8i¢ <o - -
Sherel lng X
Sediments In-6$ 0.070 4L - -
}ptll, éry
cont nues Ir-ih-9% 6.061 4.1d - -
Ru-103 0.038 aid - -
fu-106 0.25 ate - -
Cs-10 0.02) atld ' - -
Cs-13? 8.027 0.028 (1/4) P-5{C), Upstream of | - 0.077 (1/2)
‘ Plant, 0.6 ol @ -
60°/Ene
Sa-La-240 .12 aiw - -
Ce-14) 0.064 aie - -
Ce-144 o.n - S, D T

O (1D » Nominal lewer Vimit of detactien Dased on 4.66 sigma errer for background sample.
€ Maan snd ranges based upen detectable measurements enly. Fractien of detectable medsurements ot specified location 05 indicated
in parentheses (F). -
: are ::.clllod (1) by nams and code (Tadle 2) and (2) distance, direciion, and sector relative to reactor sita.
® Non-reutine results ore Lhese which exceed ten times the contrel statfon valus.
resull 15 considared mon-routling 1f 1L exceeds ten Limes the preoperationsl vaiue for the location.

4 tecations

Control

Locations
Hean {F)
Rangs

aid
«@aLp

aLp
<«ip
aLo
ald
0.077 (1/2)
<LLD
qaip
fllD

Number of
Hon-rout ine
Results®

1 no control station value is avallable, the

]
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Table 5.5 Special Well, Ground, and Surface Water Analysis.
Sample Description and Concentration (pCi/N)

Location P-24d ~ P-24s P-26 p-27 P-28 P-29

Sutter's Sutter's Training Res. No. 1 Res. No. 2 Res. No. 3

Deep Shallow Center Nauer Perkins Childs

Well Well Well Well Well
Date
Collected 11-21-89 11-21-89 12-07-89 12-07-89 12-11-89 12-07-89
Lab Code SPH-7691 SPH-7692 SPW-7820 SPH-7815 SPH-7816 SPH-7817
H-3 14301140 10702130 . 3001100 <190 <190 <190
Mn-54 <1.9 <2.8 <4.8 <5.6 <2.6 <4.0
Fe-59 <4.5 <5.6 <10.2 <11.5 <6.0 <7.8
Co-58 <2.0 <2.8 <4.4 <5.4 .5 <4.5
Co-60 <2.2 . €2.5 <4.7 <5.3 <2.8 <3.7
1n-65 <4.9 . 6.6 <14.6 <12.7 <5.2 <9.5
1r-Nb-95 .1 <2.8 .3 <5.8 <3.0 <5.0
Cs-134 <2.1 <3.2 <6.5 <7.0 <2.2 <5.2
Cs-137 <2.1 <2.8 <5.2 <5.7 <3.0 <4.4
Ba-La-140 <3.2 1.1 <10.1 <9.9 <3.5 <7.5
Ce-144 <13.6 <26.9 <a1.3 <43.5 <19.9 <30.9
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Table 5.5 Special Well, Ground, and Surface Water Analysis (continued)

Sample Description and Concentration (pCi/l)

Location

Date Collected

Lab Code

H-3

Mn-54
Fe-59
Co-58
Co-60
In-65
1r-Nb-95
Cs-134
Cs-137
Ba-La-140
Ce-144

P-31
Birch
Lake

Seepage No. 1 Seepage No. 2

12-07-89
SPW-7813

820£120

<7.8
<13.9
<7.0
<7.0
<16.6
. <1.8
<8.1
<7.7
<9.5
<59.1

pP-32
Birch
Lake

12-07-89

SPW-7814

5401110

<4.9 .
<11.5
<4.8
<5.7
<13.9
<5.5
.1
<5.0
<10.6
<38.9

P-33
Pickerel
Slough
No. 1

12-07-89
SPW-7818

- <190

<8.0
<15.9
<7.6
<7.2
<18.0
<8.4
<9.1
<8.4
<10.1
<65.1

p-34
Duck
Pond
No. 1

12-07-89
SPW-7821

<190

<5.5
<12.1
<6.0
<5.7
<1.1
<6.0
<5.8
<5.4
<6.1
<40.7

P-35
Refuge
Slough

12-07-89
SPK-7822

<190

<3.4
<.5
<3.5
<3.0
<6.1
<3.9
<3.0
3.5
3.2
<29.4




,M# | ' APPENDIX V
m Northem States Power Company
414 Nicollet Mall

Minneapolis, Minnesota 55401-1927
Telephonae (612) 330-5500

April 1, 1991
VIA TELEFAX 627-5075

Mary J. O'Brien

Deputy Commissioner

Minnesota Department of Public Health
717 S.E. Delaware Street

P.0O. Box 9441

Minneapolis, Minnesota 55440

Re: Prairie Island Independent Spent Fuel Storage Installation
(ISFSI)

Dear Ms. O'Brien:

Pursuant to discussions with representatives of the Minnesota
Department of Health, Environmental Quality Board and Department
of Public Service, and the Agreement of Northern States Power
Company (NSP), the Minnesota Agencies and the Mdwekanton Sioux
Indian Community (Community), dated March 8, 1991, NSP submits the
following information regarding best estimate analyses of
radiological impacts from the ISFSI.

1. Bounding Analysis In the Draft Environmental Imgact Statement
and Safety Analysis Regort'

In the Safety Analysis Report (SAR) submitted to the Nuclear
Regulatory Commission, NSP conservatively calculated the maximum-
annual dose to the nearest permanent resident from the ISFSI to be
4.27x10-4 millirem (mrem) per hour, which is equivalent to 3.74

mrem per Yyear (Safety Analysis Report, August, 1990 at 7.5-1).

The nearest permanent resident for this bounding analysis was the
nearest resident to the south of the Prairie 1Island Nuclear
Generating Plant. For comparlson purposes the maximum annual dose
to the nearest resident in the Communlty is 0.07 mrem per year
under the bounding analysis. This conservative calculation was
also incorporated in the draft environmental impact statement (EIS)

prepared by the Environmental Quality Board (Draft Environmental
Impact Statement, November 30, 1990 at 4.9).

In reviewing the draft EIS the Department of Health raised the
issue of potential radiological health effects from the ISFSI. NSP
has conferred with the Department of Health and other Minnesota
Agencies regarding the issue and in the discussions NSP has
emphasized the bounding analysis contained in the SAR and draft EIS
presents the outside bounds of potential radiological impacts and
incorporates significant conservatisms.



NSP, in conjunction with the manufacturer of the casks which will
be placed 1in the ISFSI, Transnuclear, Inc., has calculated the
annual dose rate based on the expected conditions at the ISFSI.
This calculation provides a best estimate of radiological impacts
from the ISFSI.

The Department of Health previously acknowledged the average annual
dose to the nearest permanent resident, rather than the maximum
annual dose, should be considered as the basis for an evaluation
of potential radiological health effects. The average annual dose
calculation incorporates the incremental placement of casks in the
ISFSI. This is important as all forty-eight (48) casks will not
be placed in the ISFSI in one Yyear; rather, the casks will be
placed at a rate of one to three casks a year. Incorporating the
incremental placement of the casks and assuming a seventy (70) year
exposure period for the nearest permanent resident yields an
average annual dose to the nearest permanent resident of 1.8 mrem
per year.

2. Best Estimate of Radiological Impacts from the ISFSI:

NSP's best estimate of radiological impacts from the ISFSI provides
a maximum annual dose rate to the nearest permanent resident of
0.42 mrem per year. The nearest permanent resident for the best
estimate analyses is a resident to the north, rathér than to the
south as in the bounding analysis. This change is due to the
consideration in the best estimate analyses of the shielding effect
of the Prairie Island Nuclear Generating Plant and the atmosphere,
which significantly reduce the annual dose to the nearest permanent
resident to the south. The results of the best estimate analyses
are contained in the attached table and graph.

The average annual dose to the nearest permanent resident to the
north is 0.34 mrem per year. As stated above, the annual dose to
residents further from the ISFSI, including the Community, is
significantly lower.

3. Differences between the Bounding_ and Best Estimate Analyses:

Pursuant to the Agreement between the NSP, the Minnesota Agencies
and the Community, NSP agreed to provide best estimate analyses
showing calculations of radiological effects based on expected
conditions at the ISFSI site, including radioactivity levels in the
spent fuel assuming average burn-up and cooling time. This is the
first difference between the bounding and best estimate analyses.
New source terms were generated for the fuel with 40,000 MWD/MTU
burn up, which more closely resembles actual burn up at the Prairie

--Island Nuclear Generating Plant, as compared to 45,000 MWD/MTU in
the bounding analysis. NSP's installation schedule was also
followed, which assumes the casks when first placed in the ISFSI
will contain 1S5-year, rather than 10-year, cooled fuel.



The second difference is the assumptions regarding cask shape and
the presence of a cover. In the boundlng analysis a spherical cask
model was used for convenience in modeling. 1In the best estimate
analyses a cylindrical cask model was used, which permits a more
accurate characterization of the radiation source. 1In addition,:
the shielding effect of the steel weather cover, which will be
attached to casks in the ISFSI, was incorporated in the best

estimate analyses.

The third difference is incorporation of shielding from trees and
housing materials which will further reduce the dose to the nearest
permanent resident. Representatives of the Department of Health
acknowledged that consideration of such shielding effects is
reasonable. The best estimate analyses incorporate an assumption
of four inches (4") of wood to represent the shielding of wood,
concrete, shingles etc., which could reasonably be expected to
surround the nearest permanent resident during occupancy.

The Department of Health has suggested continuous seventy (70) year
occupancy of the person in the nearest permanent residence should
be the basis for a best estimate analysis. While NSP does not
agree with this assumption, for the purposes of this submission
continuous occupancy has been assumed.

4. The Best Estimate Analyses in Context of Sources of Natural

and Artificial Radiation:

NSP has determined the average annual dose to the nearest permanent
resident from the ISFSI is 0.34 mrem per year. It is important to
compare the average annual dose from the ISFSI to sources of
natural radiation and other sources of artificial radiation. The
Committee on the Biological Effects of Ionizing Radiations in,
"Health Effects of Exposure to Low Levels of Ionizing Radiation
(BEIR V),“ provides a table of the average annual dose equ1valents
from ionizing radiation. From the table and discussion in BEIR V,

which is attached, it is significant to note that natural sources
of radiation, such as radon, and artificial sources, such as
medical x-ray diagnosis, provide much higher doses than those
anticipated from the ISFSI. Of even greater significance is the
comparison to "voluntary" exposure from everyday activities. It
is estlmated'smoklng one and one-half of packs of cigarettes a day
results in an average annual dose of 8,000 mrem. Occupancy in a
masonry .building results in an average annual dose of 7 mrem.
Exposure from road construction materials while driving results in
an average annual dose of 4 mrem. (Gollnick, "Basic Radiation
Protection Technology," 2d.Ed 1988) While NSP does not intend to
trivialize concern over potential radiological effects from the
ISFSI, it is important to place any risk from the ISFSI in the
context of other exposures or risks which are undertaken routlnely

or voluntarily.



5. Standards Governing Radiological Impacts:

In addition to placing the 0.34 mrem per year average annual dose
from the - ISFSI in context with other sources of radiation, it is
important to emphasize the average annual dose is well within all
applicable standards for radiological exposure. The Nuclear
Regulatory Commission has recently adopted a standard of 100 mrem
per year as a limit for exposure to members of the general public.
This standard applies to all radiation, except for natural sources
of radiation and medical applications. The standard of 100 mrem per
year 1is also supported by the International Commission on
Radiological Protection and the National Council on Radiation
Protection and Measurement.

The Environmental Protection Agency has adopted a standard of 25
mrem per year as a limit for exposure for members of the general
public to uranium fuel cycle facilities. The difference between
the standards is the 100 mrem standard applies to almost all
potential artificial sources of radiation. The 25 mrem standard
is limited exclusively to uranium fuel cycle facilities, including
nuclear generating plants and spent nuclear fuel storage
installations. '

The average annual dose of 0.34 mrem per year and the maximum
annual dose of 0.42 mrem per year are well within the applicable
standards.

6. Effect of Additional Berming and Alternative Locations on
Potential Radiological Impacts:

Pursuant to the Agreement between NSP, the Minnesota Agencies and
the Community, NSP agreed to provide best estimate analyses showing
calculations of radiological effects based on additional berming
and alternative locations of the ISFSI. As NSP has discussed with
the Department of Health and the other Minnesota Agencies, the
ISFSI as currently designed includes a sixteen-foot (16') berm on
the north and west sides. The 0.34 average annual dose already
incorporates the shielding effects of this berm. According to
calculations performed by Transnuclear, Inc., if the berm height
is raised an additional four feet (4'), from sixteen (16') to
twenty feet (20'), the average annual dose is.reduced ten percent

(10%) .

With regard to the effect of alternative locations, the attached
table and graph show dose rates at various distances (30 to 800
meters) from the ISFSI. For distances greater than 800 meters, the
dose rate decreases inversely with the square of the distance.



NSP would like to confer when you have had an opportunity to review
the best estimate analyses. In the interim, if you have any
questions, please call me.

Sincerely,

W WCCM//‘%.,

Laura McCarten

cc: Dr. Ray Thron-Minnesota Department of Health
Michael McCarthy-Department of Public Service
William Grant-Department of Public Service
Mary Jo Murray, Esq.-Office of Attorney General

_Robert Cupid-Environmental Quality Board

Gretchen Sabel-Environmental Quality Board
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locally absorbe “iergy of 0.62 MeV from the proton and the recoil nucleus.
I'he latter reaction yields a 2.2-McV gamma ray that, in general, deposits
nergy at a distance from the capture sitc and that has a reasonable
probability of escaping altogcther from a mass as large as a rodent. For
thermal neutrons the N(n,p)'*C reaction is the major contributor of
bsorbed cnergy in tissue samples with a dimension of less than 1 cm
hecause of the short range (<10 um) of the 0.58-MeV proton. However,
for larger masses of tissuc (e.g., the human body), the 2.2-McV gamma
rays from the 'H(n,7)?H reaction are a significant dose contributor.

' In the spallation process the ncutron-nucleus interaction results in the
iragmentation of the nuclcus with the emission of several particles and
nuclcar fragments. The latter arc heavily ionizing, so the local energy
deposition can be high. Scveral ncutrons and deexcitation gamma rays also
can be cmitted, yiclding cnergy carriers that escape local energy deposition.,
I'he spallation process does not become significant untl ncutron encrgics
arc much greater than 20 McV.

In summary, clastic and nonclastic scatiering and the capture process
arc-by far the most important rcactions in tissue for ncutrons in the fission
cnergy range. Inclastic and nonclastic scattering begin at about 2.5 and 5
McV, respectively, and become important at an energy of about 10 MeV.
As the ncutron cnergy goes higher, nonclastic scaticring and spallation
reactions increase in importance, and clastic scatiering becomes of less
imporniance for encrgics greater than 20 MceV.

1
b
)

POPULATION EXPOSURE TO 10NIZING RADIATION
IN TIIE UNITED STATES

A ncw assessment of the average exposure of the U.S. population
to ionizing radiation has recently been made by the National Council on
Radiation Protection and Measurcments (NCRP87b). Six main radiation
sources were considered: natural radiation and radiation from the following
live man-madc sources: occupational aclivities (radiation workers), nuclcar
fucl production (power), consumer products, misccllancous cnvironmental
sources, and medical uscs.

For cach source category, the colicctive cflective dose cquivalent was
obtained from the product of the average per capita cficctive dose equiv-
alent reccived from that source and the estimaied numbcer of people so
cxposed. The average effective dose equivalent for a member of the U.S.
population was then calculated by dividing the collective cffective dosc

cquivalent value by the number of the U.S. population (230 million in

1980). As discusscd below, the dose cquivalent is defined as the product
of the absorbed dose, D, and the quality factor @, which accounts for
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"TABLE 1-3 Average Annual Effective Dose Equivalent of lonizing
Radiations to a Mcmber of the U.S. Population

Dosc Equivalent” - Effcctive Dose Equivalent
Source mSv mrem mSv %
Natural
Radon® 24 2.400 20 b3
Cosmic 0.27 27 0.27 3.0
Terrestrial 0.28 N 28 0.28 8.0
Internal 0.39 39 0.39 it
Total naturad —_ — 30 82
Artificial
Mcdical
x-ray diagnosis 0.39 »» 0.39 "
Nuclear medicine 0.14 14 0.3 4.0
Consumer products 0.10 10 0.10 30
Other ’
Occupational 0.9 0.9 <0.01 <03
Nuctear fucl cycle <0.01 <10 <0.M <03
Fallout <001 <l.0 <.0t <1.03
Miscellancous” <0.01 <1.0 © <. <0.03
Total antilicial —_ —_ 0.63 18
Total natural and
artilicial — — 36 o

“To soft tissucs. .

*Dose equivalent to bronchi from radon daughiter products. The assumed weighting factor
for the elfective dose cquivalent relative to whole-body exposure is 0.03.

* Department of Energy facilitics. smelters. transportation, etc.

SOURCE: National Council on Radintion Protection and Measurements (NCRPS7b).

difTferences in the relative biological eflectiveness of different types of ra-
diation. The eflective dose equivalent relates the dose-equivalent to risk.
For the case of partial body irradiation, the effective dose cquivaient Is
the risk-weighted sum of the dose equivalents to the individually Irradiated
tissues.

As seen in Table 1-3 and Figure 1-1, three of the six radiation sources,
namely radiation from occupational activities, nuclear power production
(the fucl cycle), and miscellaneous environmental sources (including nuclecar
weapons testing [allout), contribute negligibly to the average effective dose
equivalent, i.e., less than 0.01 millisievert (mSv)/year (1 {mrem]fyear).

A toul average annual eflective dose equivalent of 3.6 mSv (360
mrem)/ycar to members of the U.S. population is contributed by the other
three sources: naturally occurring radiation, medical uses of radiation, and
radiation from consumer products. By far the largest contribution (82%)
is madc by natural sources, two-thirds of which is caused by radon and its
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INTEQNAL 1%
{insige
; Human
| Body)

TERRESTRIAL 8%
{Rocks & Soil} _-

MEDICAL Xrays 11%

~OSMIC 8%
ime Space)

NUCLEAR MEDICINE 4%

CONSUMER
PRODUCTS 3%

OTHER <1%

Occupational 0.3%
Fallout <0.3%
Nuctear

Fuel Cycte 0.1%
Miscellaneous 0.1%

RADON 55%

iccay products. Approximately equal contributions 10 the other onc-third
‘ome [rom cosmic radiation, terrestrial radiation, and internally deposited
adionuclides. The importance of environmental radon as the Jargest source
f human exposure has only recently been recognized. '

The remaining 18% of the average annual cffective dosc equivalent
‘onsists of radiation from medical procedures (x-ray diagnosis, 11% and
nuclear medicine, 4%) and from consumer products (3%). The contribution
“y medical procedures is smaller than previously estimated. For consumer
products, the chicl contributor is, again, radon in domestic water supplics,
although building materials, mining, and agricultural products as well as
coal burning also contribute. Smokers are additionally exposed to the
natural radionuclide polonium-210 in tobacco, resulting in the frradiation
of a small region of the bronchial epithelium to a relatively high dose (up 10
1).2 Sv per year) that may cause an iiicreased risk of lung cancer (NCRP84).

Uncertainties exist in the data shown in Table 1-3. Uncertaintics
for exposures from some consumer products are greater than those for
cxposures. from cosmic and terrestrial radiation sources. The cstimates
for the most important exposure, that of lung tissuc to radon and its
dccay products, have many associatcd uncertaintics. ‘Current knowledge

]
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of the average radon concentration, the distribution of radon indoors in

~ the Unijted States, and alpha-pasticle dosimetry in lung tissuc is limited.

In addition, knowledge of the actuil effective dosc -equivalent is poorly
quantified. Further unccrtaintics are caused by difficuitics in combining
data for expasure from diffcrent sources that actually are from different
ycars, mainly from 1950 to 1983. :





