






arc implemented Oil an ,aurepte proJrlm basis.
(NYPSC 0pW01l aDd On1er~:9 1989)

CONCLUSIONS

'!"be tnditioW mem'ki~i procz:ss used by Sew
York utilities proyides si~c:IZlt d.isiDce~rive:s to
implement DSM and signitic:lZlt iDcenrive:s to
market eiectnc:ity US4 as a means ot enhandn.
proatabWty. The !mer is twldamentaDy iDccnsiste11t
WiUl tI:le IOU ot last ecst PJwW111Dd tI:le acqui­
sitioD ot ecst-dectiYe OSM resources whidl caD

help C'l:IStomers reduce eneflY ecsu and reduce
actve%'Se eDYironmaual impactS.

'!"be Electric ~te Adjustment MechaDism (E:RAM)
\1Sec1 by tI:le callfomia Public Uti11ties CommissioD
eliminates boUl tbe DSM d.isiDceDtlYe and power
marketiD. iDcenaw problems and has oUler desir­
able properties. iDduc1iD1 incentives to reduce
eieanc:ity suppJy COSlS.

'!"be Fuel Revenue Acl:cuntiD. (MFRA) metboc1
used by ~Dtr'I1 Maine Power can ~ moc1i1!ed to
have most ot ERAM's acM.ntlJeS Wim me addec1
beneat ot provic1iDllimitec1 ccupliDl ot pro4Qbilitr
to customers c1ec:ridty ccnsumptioD dW'ae:teristic:s.

A DSM incntiYe based. OD I sbariD, ot the Det
raource savUlp c1eWminec1 throap iD-depdl pro­
Jr1Z evalu.atiOIl provides an e&=iYe motivational
bais tor rewvdiD,1Ui1ities tor their implcmnratioD
ot DSM pro,rams. nus DSM mccnl¥e shovJcl be
intepoatec1 With a set ot ccmp1emeAW7 iIlcezuiYe
mecblDi,ms Wbidl mud uaua. far pc=r1onIWICI
ill rec1IJdD, me =- of meetiDl CIISlOIUr ad-ase
aer., DCCdL·

A CODCepman, Ippalln, I1t.e:r11IM 10 sepanre
pertormuc:e mea_ wollkl bllO 4Iv'e1op J10bal
~ of uaJlr pez1DnD.IDc:e wbiQ bab.erac17
cap=- u4 .. appiopna. weipl to daeIe sepa­
raie perfonIIIICI fIcI.cnI, be ia I Mif<.oDlillal
m·nnc. 'IbI ErIIIc:Iite Raowce CoIl of E1eca'id&y
(DeE) deWIGped b1 oae of lU 11lWns appean 10
ba9I JIII.Dy dCIbII &m'Jb1l&M Ix' ••.utl udUe,
pc1ormuce. Howter. more UIIIyIia at adU&y COIl

IDd CUltOlDC biDJq dara is D-.s 10 cIelcnIIiDI
WbcUacr the ERa iDda or &be c:aacmer biD-

based perfOZ"DWlce iDdcz approac:11 recommended
by David Moskovitz CIA pl'OYic1.e a pn=c:a.L basiS (or
CDapliD, prodtabi1tcr to pedcrm.mcz.
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FINANCIAL INCEN11VES FOR DSM PROGRA..'fS:
A R.EVIE'W ~';"]) ~'CALYS1S OF TB:R.EE ~CBANlSMS

Mlc:haei W RAdd aDd Jolm H.~
BarUaI 4: Chamberi1a. IDe.

ThrouJhout the United StiteS, the ane:tion at deane ualiUes, relUJators. and
inc1umy analystS has been drIW11 to the "nlnd&! implic:atiou at e1e=ric: utility
c1emaIld-side manalement (DSM) propms. A CQJ1SClS1II has emerJed tbat
tndhioaal reJUiltory mechanisms do not rewItl1 electric: ualla. fer pursuiDl 'least­
ccsf optious: moreow:. impJcmcznation of OSM ptOJfIIDI may be CQUter to
utilities' 4D&Ddal iDtmSt. It is I10W 'Wic1c!y bellcwc1 tbat OSM wQ1 be QD.Ib1e to tuum
itS potential in the absence of mechanisms to CQrre= this imM"nce..

Recently scYera1 utilities have ~lopcd proposa1s to create aDaIldal iDeentives fer
OSM. These proposaJs. some of whicl1 have been implemated after review and
mocWlCltion by reJUlatory authorities. are aimed at both o!sen:inl the anodal
pewties of OSM prop-ams aDd Provid1n1 a -POSitive mc:ative· or rnvd far
successtw OSM implementatiO'a. Wb.ae their iDtentS are similar, s~c: approacl1es
c1itrer CQusiderably.

'1'b.is paper revie'Ns reeent etrons to provide iDeeI1dws !Dr uillties to andenake
OSM. We ant present our views of the l1eed for. and appropriateness ot. anandal
iDealiveL We then analyze~c: incentive scbemes tbat haw beG proposed. (and.
in two ClSes, adopted) !Dr tb.ree ~emlt utilities in the Noftllclst. 'The med1allisms
are awyzed for their ability to lIleet three objecr:Ms:

• Provide tar ta11and =ely recDYery of 111 DSM proJl'llll COIU.

• Adjust tar DSM-iDduced nmm1lC 1aua.

• Couteft)f.J.uce risk ad loll ot "nudal oppomwty b1 provicUDJ a bonus, or
-pure ineeIldYe,· abcM c:aR.

INTRODUcrION

'Ibro1Ipeut the ODi. 5II1II. adB1:lll, replatmy
C01DJIUsSioa. ad iDten'aOII III '*"'"'fDI tile ..
offlMDdal iIlca1iYtll to CIC01IIIJe""need CDIIIi.d­
eradoll ot rtIOIII'CI oplioDl 1114 alJP!IMl!IC of the
profit IIlOcM wttJl me ... of~ ar11lt1
P"DDm.. "JI) clara. dJsc:asaoDI OIl~ ba¥I
b::DHd Larpty OIl mec:tlants1Dl tJaal woald bur
pate deYe1oP1llell1 of DSM NIOCCIL W1ai1c a
pidlq priAdple of last4Jl1 P'lnhtl II dW GIl
resoVQII s.tl0Wd be JiYa balnced eolllidcr:U:ioL
the iIlenava debate Iw beG caDCllllr.lted OIl
OSM because of:

• 'The depUa Of IIIICpIDVMl DSM rGtNIaJ that iB
COIt~ compared to supply-side uallty
RIOVC& •

• n. lipfftc:nc ~-"D'ndl1 ucl
othenriH-dIIl iQftOcxwS aaBtiII' etrora to
lIMa blDDt

1'!UI pape rm.. recal d;)ra toP~ iDen­
ciWII tor aa1iI:tII 10 andcnUI DSM. We tll'It
prirsellC oar YinI of tU aced fer. aDd appropriate­
l1e1S ot. iD.c:eIuiws. We then ua1yze speeac



incentive schemes Wt b.IYe bea propoHd (azad,.1D
two c:a.ses. 3dOT:ltec1\ for wee diffemu atillties IJl
U1e ~on.n=sr.

WHY ARE DSM INCENTIV£S SOUGHT?

An ott.repeated reaction to U1e concept ot OSM
inceutives is. "'Wl:ry Jive atilities aD incentive to do
somet1UD1 they should~ doinl anywayr Implldt in
this question is U1e assumption tbat OSM iDc:atiws
represent a mranL or bona. aboYe w1 be7oD4 tAe
costs ot doiZl, OSM. While tIlen is a reward
component to most iZlcmtive proposaJ$. we be1ie'YI
U1e major Deed tor iDcntMls is to own:ome me
~a iD!lem1t iD a'ldtltouJ reJ1llaltoll tJw
urea utilities' interest in. and motiYatioD for. OSM
propms. 1b a wac d.epe, me cUsUlce:1dYeS are
~dal: tbat is, pursuit ot OSM operates at crosI
purposes witlllltillties' aDudIJ iDtere:St. md mus
imposes costS tJ1at mast ~ compcnsa&ed fer. 0isUl·
centives we we due to percepacDS that OSM wiJl
inc:::ease utilities' czposure to rist. The priDdpaJ
disillc:entiYes are~ below.

FuJan to RICDftI' AJJ PropaI COllI

In muy iDsWlces adUlt.' apacI1tDreI OIl DSM
have Dot becD recaptured ill r&I& TJUI II mast
prevalent in Stites that bile tb.eir 1"I,em''dD1 011
histOric test,em. W1I11c JrOM1l iD DSM cm1I7I is
SOUpt by bem repJalOn ua4 iIl~ CDR
recovery iIllUsumc tell ,ear SImI II UlldUld to tbI
&mOUllt apaded iZl apnor,ear. Ewm blnatll mat
use tunue tC ,an. me probllm cu oc:car it
propm apadil'llZ'll are .-_ t!Ia uddpaled'
(tor a:ampl&, it panidpaama aced a,ftICIIftId
levU).

The~I otat NCIilI'-) CIa c:r-.ta lmon nbell
dfsillcanM tor DSM. Ja 1IIUf..... 'a:u+a) of
DSM ccpad't'IN II ..led sip"'. a1l
after dIeir iDQaa--. _ DO.,...,....a
tba loll at .... (CIII7iDI _ ..) Ia ­
iIllC'YeZl1q period. WIdII ofta _ .- II I -.a
COII.. tbe JaIl of ClII'I)tq c:IIIrpI ... .. a:m­
Udenld a CQR tnmi me .lDdpolal at """,..,.1
IIIOUYIUoL

"

Lou ot 1le'taaa

La the absence ~f spedaL adjustment pr0ee4ure:s..
sudl as eautorDil's ERAM (Elc=ric Revenue
Adjustment Mechanism), OSM proarams that
reduce ld1owaa·boW' sales work at c:rosa purposes
wtm utilities' WllcW interests. This phenomenol1
is otten referred to as U1e 'ost revenues' prOblem.
ne prxacal e~=. in many instances. is that the
utility UDde:·reccvm its allowed a:r.ecs ccstS-Q:)Sts
tbat were autbcrized fer collection by me refUlatory
comm;uiOD ill the prior rite c:asc.

'nUsprob1em may~ mitipte4 somewhat by use of
I tbtnrd.lootiD, test ,ear (wbidl adjustS test year
sa1. fer IDtidpated DSM impacts) aDd by more
trequnt rate cucs (which brilll ac:mal aDd test year
sal. into closer allll11DeDt).E~With such policies.
however. utilities' motiYatiol1 may ~ in U1e d.iree.
acn of less OSM (lAd Jratef sales). because every
kWh 110t sold due to OSM reduces me col1tribution
to !a4 CDlts and eal"D.i:p. Ewu if unaDtidpated
sales JI'OWth pl1tS me atilitr1bove iu test year salcs
IJDOUl, rmy CDDSCZ"YeC1 kWh cuts into earmap.

Lou ot I1n•..,..., OppcmlUllt1

The thfrd aDudIJ dJsillcenliYe to OSM is the
palatial lou ot oppommitr tor me utilitY to JrOW.
F'mudal mecny dicatel tbat JrOWth in a utilitY's
me JW. is DOt ot iIlaiDsiC value: what matters is
me rate ot remm 011 capitaL But this mecretical
view is lOt necessarily shated by utility czecUavcs
aDd sJweholdm: JrOWCJl i1l sales. rate base. cam·
mp. aDd otller staasccs ate often Yicwed as indi·
CIUm of "nlDdal sueqtb.

DSM worD CI:nUlClr to I adlhfs I"""h iIltmlt ill
two ... fim. U1.a DSM apadimrll 'are
IIcDded III rill bile (a is aDOW'Id ill SOlDeltatel).
cllc«WiDI DSN~ CMI' nppl)'-sid.e opt1oDl
ntJllimtel III apaM itoIIIl CDr I c:apiW it=. III I
WDm-elUl ICIIiDIdO, tAt pouj)" rII1I1l is wtw
miPl be CIl1Id -ua. iac:ndbll W1II.tIJlI adU~ tJ1e
~ IIlI bill d du to amonizai:M?ll otold
lap""" bltMl= wbidl are lUX replacld (ill
me baa) bydem·nd-side~ Sco1u1, sales

\



Wt are lost as tbe result af OSM are pcnrt41W1tlJy
lOSt (assumin, persiste11c:e of OSM bCC6cs). The
re:sUlt is tDat rum:e fJzec1 coscs will be spreae1 over a
sma.Ller wes YOlume. possibly le:scUnl to hiiDef
rau:s and pos,Slbly adverse impa= all tbe utility's
compeoUve positiaa.

Proponents of ERA.\f-t'yl)e adjustment medw1isms
claim tbey e1.imiute tbe inc::elltiYe tor utilities to
inc-ease sales. We belleYe tDis to be true allty in tbe
shon-run-i.e.. berMIC'D rate cascs. ERAM recap­
tures tor ratepayen arry over·recovery ot t!=r1 COSts

resulUnI tram sales above the teSt-year amOWlt.
NOlleUleles.s., a utility mat increases sales will ente:
its 11= rate c::a.se wittl a PUll' sales base over
whid1 to spread azed CCSts (assUlDinI the increases
are not trmsiellt). 'Ibis may be dc:siraOle tor
competitive rea.sollSt since it may allow loweT
average rates; it is doubly desirable it shareho1clcn
lIld maIlagen YIlu.e JrC"t'U1 i.11 areas aUler t!W:l
prc6ts (sales. rate base. number ot emplcyee:s. etc.)
tor its cwu sake. neretcre. eveI1 ueser ERAM util­
ities may Yiew lOlli-run sales J!'OwtJl as i.11 their
bandal intereSt, and OSM as at odds With mat
interest.

lUsks alDOl

111 additioll to the direct ~da1 impaas l1esc:r1bed
above. there are i variety ot c:aasid.crltioas mat
urea utilities' per=ptioas ot tU risk ot OSM and
therefore set up additiozW cUsiDca.tiYes lUt must
be overcome. CoDMr'YatiOIl adYoc:IteS UYe otta
asscned that COnservatiOIl ptOlfIZIII III laI1VJq
t.1wl supply-side opticas rat a~ of raeas:
modularitY (tbC abiUty to obaiD DSM ill small
UDits), shon 1e=u1 time. 1ack ot cMrolUllftW nsa,
and so tonh. ne rae: rem,i1ll, bow.c, lUt d­
ues seldom~ DSM as I Jow.riIt propoliaoa.
Several risks ate: iDID udUdII' *"'1Gftrd DSM:

Il~ riA A leaclIpecU" review of coday's
OSM prosra- mar~ me, were d.oU
impmdftr.ty or wen DOl ... lid uetaJe ad
should t.beretDre DOt be aa:mdId fall CCIt liICIMI7.
(AltemarM!7', replaIDrs could tmKll peu1ty ia
some otber"" sudl as a redIIC:aol ill me a..uow.d
retum 011 equity.) 'TlUs riIt II UipteUd b1 1M
Imcwledle tbat ml'DO'm' UIOII rep.larors is bip,

Ud tbat l1ec::isiOU by today's reJUlatOrs c:cnamuDC·
OSM prcpms W'L1l I10t be biDd.i.n1 011 t.l1e:,r
suc::ces.sors.
Imt*= risk. t:l1cierlyU11 the in=rpor1a011 of OSM
into a utility's intep-a* rescUJ"C:e plu are
asramptiOIlS ccl1cenii1ll tbe =pccted ene:11 11111
demand impacts. genenlJy developed 011 a per.
participant basis. The quality ot the d.ata \lSCd to
generate impact assumptioas varies p-e:atty
c1epecdiq all tbe tedmolopes employed II1d the
quaJil'1 ot end-\Ue d.ata available. Further
c:ompllcadn. impact estimatiOIl is tbe need to
ac:coat ter c:aiDdc1ence wit.l1 system pe3k c1e:I:I.and
and tDe meIlt ot =.rid.mhip (tbe prevalence of
=stomers wbcse OSM-reiated actions QJU10t be
attnbuted to tb.e prcsram). ne quality ot informa­
tiOIl IYaila.ble tor estimatiDl impactS is steadily
inc::r=sill&. tJw1ks to growth in OSM evaluatiol1
ae:tMtic:s. ~Ol1etbele:ss. there is still scme risk that
ac:ua.l impactS will be less t!W:l cpected. wlUc~

implies twO tunher lisa: (1) possible 11=1 to spe:ld
ad41tioaal dollars 011 supply- or demand-side lne:l.S­

ures to rAW up the short!:a1l: (2) Jrater ~elihood

at adverse aaioas by relulamrs. as c1escn"bec1 above
rreJUlatCry riskj.

~ &e:ClpIUlC'l rUlE. Even where the teQnolo­
pes used in OSM prcJramS and tbe apec:ec1
impacts per =stOmer are well-W1dentcoc1. there
otteD remaiDs subsWltia1 wU:Cnailty about OSM
pr'Opoam acceptance. Customer respcue to even the
most prtYl!ellt typeI of plOp1JDS (such as b.ilh­
emdenCo"'! appUUce rebateS) c:umat be predie:ted b'1

. todaYs mode1I wittl adequate COa.ddellce. Aj With
impac:l f1st. possible outcOmes of low market
acccptuce iDdude ttle Ileed. tor additional out1lyS
to make up tbe cWfemlce. and peer aposure to
repJator.r risL

e-pIdtM riaL IAcr~I1Y, S1IteS are adoptiDl
tII& 1b1l1 R&soarce om (1RC)' teSt U the priDdpal
bae4l-<::DIt c:ziIeriorl far OSM plOpm se1ec:tic1l. A
CDasequDCI ot tJUs dedsiol rvJe is tJw lltW1ia are
beiDl d1IecUld to implement pr'Op-ams that plY
-me blll t.ail me Rue Impact Meuve (JUM) tilt

(&1.10 Imow1l • tII& 1lO1-pan:idPUII Of no-toscrs
test). SIIdl prosrama iDc:ae I't'IftP rateS. There­
tore. eva. if aD the direcl· t!JwldaJ risks ide1l~

I~ Resourc. Planning 5.159



above are ·cured" tArouJD iDClmDw adJ1IItIDans.
utilities mar Sli11 be c:ozu:::emed Ulal OSM-re1aced
rate iJ:laeases will be twmtW m c:empea.aw
:.uuts., poWbty dm"ull away inc::rcmenw
CUStomers or HJes. witJl C:C=.MqUClt lou of
c::orunbuuoas to~ "t"1:Us probl~ IUY' be
=:acerbated by 'pure mc=iM::s' Of bollQSel, wb.idl
c:::=n ad4itioul upward pressure on rara.

BalaDea dater rUt. UD1ess OSM e:rpad1ta:es are
JiY=. immec1iate~e:" they resu!t iZl tJle c:ratiOD
of ~tory wcu" or -IOU." tAlt are probably
less sec:u:e (tram slweholdm' aDd bondholders'
pc:spectiYa) thaD -U'ldiuew suppty-sid.e users.
runber, such ISIC1S an DOt bo1ldab1e propeny,~
they c::wlOt be pledpd as c:clJate:a1 to Sllppon a
debt issue. It OSM prosnms bec::ome sddenUy
wac. there is risk of &D mc:rease in the cast of
capitaL .

ELEMENiS OF A DESIRABLE
INCENTIVES APPROACH

It t'c11cws tram the preced.lIll cUscauion tbat
inc::e:nne mecbanisms should~ ada of the
major areas of disiZlceDcM.S~, tbIT sIlovJd:

• PT'OYide for taJl &Dd am." re=YIZ1 of aD
propoam COla.

• Adjust tor OSM·iAduced mau Jcu&

• CD=1erba1uce risk auS loa of budl1
oppommilY by pfO'VicUq a boa.. or -pare _.
inceDcive,"~ caR. _

It is a.t!t.elJ UW IIl'f Iiqlt repJItorr ctIIqI CIIl
5CrIe aD of *- Objeea.. n... dII mellen..

becomII OM of~I pICb.. of """"n....
Wt III ==pre!IaIiw ill .,..
OiYa tb& cmapJanIeI of till,.cIefInldo-, fill
lAd purc:UMd powa' ldIacum cia ftImOI1
,.uiaioDI GIl 1M amapoDC_ of lUI ad 10
tDnb. ll'tI IIIDriIIIJ dill I1If .. "DR or
pecb,. of "nfsn wm be ." wtdIoa
modUIcaao. -... cIIIa_ Sapmcr
iDem... pro'" wm be willa ...
IpIdae repIaIGrJ pI'ICdl:8 Ia II II Il1o
iIIlponw. we MIIeft. to tdor .. qptOldlIt 1M
u1:Q1~ ItMd.. Df4'Irat adUdlllUf-poad
in cWferat ..,. to tAt 111M i1:6caU\ll .. to

cWl....... ill S11'\lCNn, ns. _ cent of '\
c:cmpeWiOa. MI,"ce sbeet dw'aaensucs. &Dc1
muarem=t's percepticDS.

IN~ PROPOSALS:
TB:R.EE VAR.IA.VfS

Ol"lDl' ud 'PC'd'ad OtWda (04'.R)

AJl inc=dYe mechanism was estabUsbed tor OllR
by the New York NllcScrYice Commission (NY
PSC) in ID opiAion lDel order issues ill September
1989 (Nett York Public~ CDmmiuion 1989).
'ne selected med'''mn wu bue4. ill pan.. 011 &D
04:R proposal med ill can, 1989 (Oruee &Del
Rockland 19891). ne csacnption presaled hm is
based OIl the PSC's order wi OAR's c:cmpllaDce
mtDl that foUOWed the order (0Taqe &Del ROCkllDcl
19S9b). •

C. b:u'Iil'1. OAR will submil auually to tl1e
PSC a ODe-year proje=:ion of montb~-montJl pro­
Jf&1D casts t'cr ia OSM prosnms. It will rec=vu
U1ae casu Woup ill till! adjustment dause. All
OSM casa not already ac:ccwued for in OU's base
rateS. wbether capiw- or czpeDH-type items. woulc1
be reczMred in this lZWmC. Monthly variances
(pOlin or ncpave) in ac:ma1~ projec:ud
amoUII wiD be tricked wi wiD~ inwe:sL
ne eamalaEiYe ftliuCII wiD be added to or
subtraered from tile proje=ed DSM com tor theAm,...
t. ........ Wltll ill projectioas o~ propm.
casu. OAR wm md1lde III enimare Qf ia b=cS
COllI tbIl tri11110l be feco'ced cia 10 OSM. ~e
icla meaue pc kWh is ert1mated '" ICYiCe dati u* awrqe me lei of ful cam. D:dJna ID Idjm­
IIIal fDr '4ViIb1l operaUGDI ad maiIlzaaDCI

apaI& naa projec:tld IIII01IAl will be rte:DVC'Cc1
Cbroap eM tal dnI& FoDowiDl the 12-mcnth
periocl of prapam operaaaa. OU will ~te ,
ICalllIaR nMal.. baIcl oa propm ftIluUOIt.

ad wGl rer:olldJa adIr· -Of~~ of lostnrND_ dIroqIa tAl fMl cia.. 0WIr tbI ICIS

12...,.. pcJccL

....OU 0J'1IUII111 propaMd tJIIt II be pc I

boll. bueIS CD cAl IIY8l ofs1lpp~ iJMImaeDl
Wt W01Ud be DeecSed to provide me c:apldry DeedS



met t.l1roulb OSM. OAR would esumate the CDSt o(
CCDSt:r'IJaiDl • power plant wnoD c:apadty equal to
that provided by the OSM pro~ (USUlC PSC·
approved estimateS o( avoided c:c5t). It would then
estimate the remrn that it would b.aYe e:amed OD
suc.t1 a pWlt. assumms it were depredated OYer a
ten·~ear period (ccmpanble to the ute assumed for
DSM measures). Oet:R twther requested that the
allowed Tet'W'U OD tJtis "'pseudo-UlY'estmeDt' be set at
200 basis points bipet Uw:l the c:cmpanys 0rd.iJw'y
return OD equitY. The bonm woa14 be limited to a
1% inaase in the ccmpuy's 0'Yml1 ROE, pia
S~ ot any e::a::ess aver that lD10UDL

The ae:tU&l boDa adopted b1 the PSC cWfers
silDidClDtly t.rom OAR's proposaL The major
weak::r1e:s.s of OAR's proposal. trom the PSC's stand­
point. was that the CDSIS ot the OSM procrams
would Dot dIU" iD the iDceDaw; thus. OAR would
not have a direct iDcezuiYl to CDDtrQi CCSlS. for this
reason. the PSC subsUNted I 'shared SlYiDp'
approad1. uder which Oti wiD be puced 20"& of
the 'uet resource savtnp' ann'butable in eadl year
to OSM. Net resource saviDp tor my one ya: are
c:aJ.cu1ated as (1) tJ1e ft1U of the ClWI1 IDd

c::apad~ saviDp atrnbutable II) OSM: pia (2) ID
adjatmat of 1.4 ceDll per kWh !Dr IYOided
e1MroDmeuW impacs; miD1II (3) the ClDmpaIlY'S
OSM propm cosa. For Jt'Gl'PC*I of tbiI c:a1ewa­
tiOD only, OSM pro,ram c:r:n wiD be amortized
over a tel-year pcnod. L&.. cme-uau!l of the oripul
crpeudlaue will be nbmIcted from tJ1e 1UfIJ,
c::apad~, IDd~ II'IiqI eac:Ia ,are Not
iDdw1ed III the ca1CU1adoll of 11& saWlp III OSM
costs borne d1ret:Uy b1 eatOmea wbo pantc:ipate m
the prosrama-

Thebcmus will 01Lt1 be c:nDeC'1d fI/ttr ICI:III1 nn1II
.are IWilable from Cbe campufl CYIladml Kdvi­
U& Co11e=km wiD OCICIII' .,.. I 0M.,.r pa1Gcl
throup the fDtlldJ.... csa-. TU bM:aM
.wQ1. be capped It U UDGal eqal to alddtUoul
Q.751Ji remm OIl eqq..
III ill compUUc8 mJq, oaa projc.Id tIIat ill
1990 OSM apadImreI WU1IId tmI1 $U Id1Uca
aDd yield 8rst-yar1Wided-atbe:uflll otS65&OOQ.
A1Ioc:Idq ou-eaell of eM pI'OII'IID CIDIII. to ­
am ~. tb.a _ baa woaJd be appI'GIiIUtalJ
$225.000. ofwhida OAI. waUl capftU'l 201ft. or

$45.000. Adc1itioual bonus amo\UlU attributable to

the ~t.ycar prorram would be CDUectec1 LD eaQ of
the Dine suCCeedUlI yean. PTe:sumabty, there would
be a ·CIS(3diDC· e~ect in law years. as ac1ditioua.!
bonuses (from additioD&1 e:tpendirures made Ul

1991, 1m etc.) taU e~ea.

~sachaseasElecaic CoIIIl*f1 (M&u. ElectriC)

Mw. Electric:. a retail subsic:l.iary ot the Sew
EniWld Eleanc System (NEES). med an inceutive
proposal-for its l.99O DSM proJrl.lm in September
1989 (Serp1 1989). In Mard1 1990 the
Mas.sad1uscns Depanmmt of Publlc Utilities
(OPtJ) adopted aD mc:eudYe pLu tor Mw. Eleanc
that ~m silDitlc:antly from the compaDy's
proposal in the way the bonus c:cmponent is
CDmputed (Massac:husens Department of PubUc
Utilities 1990). The proposal and the plan as
adopted are described below.

CGft Rea.....". Mus. Eleenc propos«1 to recover
DSM propoam c:osu as they oc:cur. A separate tund
woa1d be created on the c:cmpanys books to track
OSM COSlS. Revenues !Dr the tuDd would be eel·
lected Woup u. a11oww:e in bue rates. Acmal
DSM crpeudlnues wotl1d be dw'Jed apinst the
ta.Dd IDODtbly. A1rf ~ereuc:e between the amounts
collected aDd apeD4ed weald· be recondled. witb
iDteren. It the eD4 of the ,ear. U ac:ua1 COSts
cWfced silDidcuUy tram the projected amOUDts.
the lIa11ty could petition !Dr iDte:im a4justmCDts.

111& OPU's cledsiOIl did lot alter Mass. Ele=ic's
CQI1 recDYer7 s=cme. 1'Jl. OPU noted.. however. its
,. of ev=tu.Uy requiriIll Wt cost recove:y be
UAiId II) acmal perton:D.lllCl. nus would be ClDDSi,s.
tal wiell tb.a DPU's -preappnMd ClDDtnCr'
Ipproldl for S1I1'pl)'-side reIOarc& which CIlVisioDS
tIW eDIt rec:D¥eI7 of nppl)'-side raoun:el will be
pemed bJ I pndetenlliMd price per uit of
capId17lDd1or Clq 01ltp1lt. 1b UliI ad. the DPU
4incled MIa Elecuic rD· iDclade a pezformuce·
bated eDIt-reccMlr7 IMC"'an wba it. fDa Cor
IppnMl of ill 1992 DSM propams.

1.- ....... MaIL EIecaic did DOt request u.
ap1lc:lt adj1ll1mClll tor _ reYalUi due to DSM.
Becaase MIa E1eca'Jc pan:baNS aD of lIS power It
I wbolesa1e rare tram III amIJaced COIDPUY, aDd
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cons comprise a smaller poniOIl ot its cost ot
service tlwl is tYPical tor SW1d-alolle utWti.. so
lost revenue is aot seen u a ::l1Ijor problea Mus..
Elec:tnc: ~d sugest. however. wt its 'mmmjz:j"1
inc:enuvc' (de::K:nbed below) would prc:Md.e 'I COil­

crete retmbursement of lOSt teYe11UCS to the meIlt
they =st' (5ulel 1989). The OPU's d.edsioll dic1
not adc1re:s.s the lem reveDues issue.

BOIlDS. Mass. EIeark: proposed a two-p&n bonus
scheme tied to estimated noided c::asts. It is ZDCII
reac11ly understood b1 retemDl to the 1990 Yalu.es
dted in the ccD1puy's 41iDIo What Mass. E1e=ic
c:aUed the 'mnimjz:in, incentive' woald be SCl It
5" of the prescDt value of the OSM prop,ms (as
measure4 by avoided COSts). Det of panidputs'
ccsu. for its 1990 OSM prolflJDS Mass. Electric
estimated a present value beDe!t of $97.6 mJ1UOD
(Det of customer CClSlS). yieldJJl, the 'mnjmizill"
bOllus of $4.9 miWoll. The UCCDd pan ot the bo1l1lS,
the 'emden", incent:iYe.' would be calCulated OD •
shared smnp blSiS. The projected 1990 ;:tropIA
CQSts of $37.0 lZIillion wou!d be subcncte4 from
$92.7 millioll (me propm value I. me maz'imjz_

ina incentive). and the Iltillly wouJ.d be aDcwe4 r.o
capaare 1~ ot til. result- or S5.6 IU1IIoL MaIL
Electric c:a1c:aJated t1W the CDlDbilled boIllll 1SD01ID.1
of SlO,5 milliOD (emdeAC1 ilcaU¥e p. mali·
miziAl incenave) W01dd yieJ411l mc:r-e ot about
2CJrr ill retam OD equil1lt lila DSM propaIIII lila
1~ of JO&ls.l .
Mass. Elecutc propoNd CO coDec:t die mgtmiz:fn.
in(GcM d1lZinltlle plOJrIJD ,. U .... are
iutIJIed, baed upon~ Iftfm·. of
per-rneuVe'bnpICII. IIteI:IIDII. &lid blandmJUp
Wt were iDdllMl til t1I propaIIL For mmpJe,
MIa. E1ec:r:nc _MltId tIW -* CIOIIpIICl bar·
escat lull'~ til dII alii camlMirdal/
iIldusmal c:aItOIM' ...... woaIII plOfidlI
0.04$ kW d....~ all 140 IDa1 kWil
eUrar'red~ !~ ~ dMI pll'lXtplldl waUl be
free.ridan; ad dill dII ba.aa W01IId JIll t:w un.

1 lJIM ...---fl/ - .... .,......".
,.,. ..~",IUa .,•• m·t '.
,...1/ ,.l1li.
,.,,;l tIINIttr ill,.. .."... -- ..
lt06.....u.4....

..

years. Based 012 these values ucl its IVOIc1ed cosU.
~. Ele=nc would c::I!CU1ate the present ~ue ot
eaQ U%11t iAstllled. .~ C'JStomm enter the ?rognm
aDd compact tluore:sc=t Lamps are imtallec1, ~.
Electric: wowd be able to claim c:rec1it fer the ~ue
of the lamps wi eoUea $4)10 of this amOUDt from
the t\md as the mnjmjz"in, iDcencvc.

The cmdency inc:enaw would be c:oUected oDly
&tler the C!Csc of the proF'Ul year. at wttic.t1 potDt

ICtIl&1 propam: =ts would be mCWll. Mass. Ele.c.
a1c wo1Ll4 cc11e= the em==cy in=Dtive in
iDsWlmats over the fD11owU1, year.

The OPtJ's d.edsi01l1Ude seYcrI1 major alterations
to Mass. £1eeuic's boDUS mechanjsm. '!be bonus
&mOunts Will be based OD aeNa! propm resUlts.
ratller Uw1 OD pre4etermiAed per-Wt impae:t5. The
proposed total bollUS 1eYe1 WU'CUt in l1a1t SO that it
MasL EIec:r:ic acb.ieYeI 100CJrr ot its propm lOW.
the bonus would amoant to $.SolS 1Dilli01l. or a 1~
iDc:rase iZI the IltWcn ROE. A Ul:ahold of 50% of
proJrUII JOa1J was _lUhed. so that Mass. Elec.
tric mUSI meet UJt of its kW aDd kWh JOI1s before
I1l'f boDIII is amed. 011= me threshold is passed.
Mua. £1e=ic wQl ana tile boll. OD a s~ed
per-kW lAd pc-kWh buis: $1.3% per kW-year IDd
$.00301 per kWh. It Mass. E1e=ic surpassa 100%
of JO&Is. it waJ sUD am tile boD. OD au kW md
kWh aboYe tile F* ne bonus wW be ccDected
oll.ly after me utili". bas submituld hi report 011 the
am propul,.. SJlaWiq a.cmal per-ail smnp.
U detenD.iud br proJrUll eYlJaatioll I=MUG. The
spedk rnecMniSID far tile COIle=ioIl af the boDUS
WII DOt S'pCi1!ed br ChI OPU.

"""Melpbla Eltca1c eo.,.., (PECO)

III.., 1J9O PlCO S1IInItaad I brDId outUAe otan
IIIcIIlIM nw:tann ID me PeuIytYIIia Public
Udlll7 c:ornm... II rllpoaM ID I QnnmipioD
ad ,.,.. lid~ OIl ilu:a1iYes
(P1IaIdeIp.... EIIanc 0mrpIIIf 1990). UD1Ike the
Od. all M-. EI.tc:rdc plul deIa1bed aboY&.
PECO's~ appadlblllGlbea~
CO tbllaYIl of & ImUl mJq.

COIl .....,.nco pIOpoNIl spUt celli recovery
appftllda torDSMapadlmr& !IpaM"I!PI iu=s
woaJd be rlCDYlrld U iIu:a.mId thrOup the tue1



adjustmeut clause. AauaJ cpend.itures would be
reccndled With rc:ccvered amounts annually.
~PIW'rype itemS would re=tYe deterred
aceountu'll treatment.. 'Nub an ac:crua.l of interest.
unel U1e nert rate c::ase. at wtlich point they would
be folded into rate base and recowred.. witb a
return. OYer a s~ed amortization pcnod.

Lost Re-renues. PECO would seek preapproval ot
the =pec:ted reduction in t!:md Q)SU per procram
participant. It would collect these amolUlU thrOup
the ruc1 adjustment clause based upon a projected
schedule ot participIDlS. At yaf-ad. reccndliatioD
would oa:ur based OIl t.be acrual number ot partici­
pantS. No retrospec=M cJwl,es would be mad.e in
the preapprovecl YI1ues ot lost ~ COStS per
participant.

Bonu. PECO ·would recei\'e a 'shlrel1 smnp·
bonus based on the cWference between the pre:scDt
value ot the OSM propms (u measured by
avoided COSlS) md the actU&1 procram costs. 'l'be
percentale ot savmp to be retaiDed b1 PECO was
not s~ed. The present value ot the awided CCSQ

per participant would be preapptOYed b1 the com­
mission.· 'l'be bonus would be collectel1 throaJh me
tile.! adjustment dause dwin, t.be proJ1"Ul yare At
year-end. reccnc:i1iaZ:ion would oc=r based 011 me·
actUal namber ot putic:ipanlS md acma1 prosnm
COSlS; me preapproved r.ooided cons W01l1d DOt be
adjusted retrCSpecd¥eJy.

HOW WELL DO THE PROPOSALS
MEET·THE OBJECI'1VES1.
III tbiI sec:ioD we CDasider JIDW weD ada at tbe
three iDCftaw mecttanima meet tile obje=v.
oatJ.iDed pnNiDUI!y.

FaD aDd 1bDeI1 Lalli'" 01 All ,.,..... CallI

III a=eraJ.. -= ot'me iDceDlit'e lIler-l!njsms WiD
addzaJ tba pWa1 CCIt .1'flCIMr7 problem. Iodl
OAR u4 M-. E1cnc wm recIMf PfOII'IIIl cam
II tbe1 are iDcamld;~ call~ wm
be recDYeJ'l.ble ill cbI DC,. tJIroqIla recoDdJ·
falio1l procedW'L

PECO proposa to tik7w I siIIlJIar l:I'eRIIat b'
some of fa apendlmra bUl to ralabUllbole t1W

J'O toward =!'U.a.I it=.!.: Irs propoS&! to acc:ue a
retum OD mae ,;::spital items be!cre tone:'" eDter :late
base would add.ress anotber potential area of unc1e:.
recovery. CD me other I:wld. rateoasiDg couic1
=pose the company to adc1itioD&l risks. IDcJUCW1g
possible deuial of tu1J cost rcc:overy at some tllrure
d.ate and "balance s!leet risk' as ~'bed earlie:.
There milht be o~1 advantages to rateoasmg
OSM. however. such as mitigation of s!lon.te:-:n
upward pressure on rates.

AdJalUllat tor DSM·lDdaced ReftDa. Losses

Both the OU and PECO mecbanistnS would pro­
vide dollar·tor-dollar compensation tor DSM.
induced shoMUs in t1red Q)St c:overage. Bec:a~ Its

purchase ot all power at wholesale rata reduces the
si~ClDce ot 10lt revenues. Mass. E:leanc: neithe:
requested nor received aD e:rpllcit adjustmeDt. Stat.
inl instead that the bonus would pl'OYtQe sumae:t
offset to cover lost revenues. To the =ent that
revenue loss due to DSM does occur. the Mass.
E:lec:tric mechanism provide a less stnightto~

response to tbe problem.

Boalll to Coa.atlrba1uc:e lUsk ad Loss of
FJn·MJaJ Opponuil1

AD three mechanisms provi4e tor a bonus. or true
iDceD1iYe, abo\'e propam casrs and lost revenues.
While c::cmpDted iD cWferent ....ys. each strives to
offset some ot the risk anei loss of baDc:i.al
oppomumy usodated With major OSM procnms.
How we11 _ell medwLism seMIS this purpOse
depends CD tile ac:enaiDty SlUTOUDd1Dr the am.al
bemus tIw Will eYeDma1ly be earned. UDcenaiDry is
• fucl:iDD of both t.be t:iJ:Diq of the boDus and
WlcerUUllr about ill mapimde. Of tile three
propouJs. oDlf O.tR metcbes. the boD. oat over
u a"ftIded peric4 (Ia years). 'I'bjs coDSideratioD.
we beUeYe. iAc:eUeI the reJUlatory risk that the
boDa wm DOt be amed in fuJl-and therefore
dhnmjp,b. hi value.

2 nCD .. ,.. ..... wivIIvr it ....... e,· Ii­

.....,.".,. ",.,.,.." ?7lIII'f' "..... of..,.
".~''''''''dFm~"~1D
....,.,.. apr..... ",£CO.
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In all c::::ues the mapiNde ot Ule boDWI ~ 1U1c:eN.i.Jl
because it ctepeDdS. in pan. OD tAe S1lC:ClllSS ot Ule
prognms in reC'U1Wl' pUtidpanES. The OU ADd
Mass. Eleanc boDu.se5 add.itiorWly dcpeIld OD post­
iAstallatiOD measurements otaemal prop-am impact.
In =l1tnst, the PECO plu. as well u Mass.
EJea:ncs oripul propoW. would remove this
eiemeDt at uzlCznaizu:y by relyUl, OIl predetermined
pc<ustomer or per-measure impaas to =mpuus
thebol1QS.

All at the mechanisms Jive tbe utilities an inc=tiw
to el10 a JOOd job' Mm their OSM PfOpms in
terms ot sipl,in, up =stemm. ne issue becomes.
How imponut is it to tie boDtISCS to ac:ma1
measured results? SareJy tJ1e DOtiOD of payUl' for
t2J::44J, ramer t!wl predicted., per!ormaDc:&, has
stroDI intuitiYe appeal further, Olle mipt up
Wt UDder the PECO approach tbe comp&Dy would
lave DO inc:entiYe te emurl tbat tbe measures are
imtalled we11-or (to cany tbe arpment to tile
ctmDe) that tbe =mpuy would beDeat b1
mteDcouJ1y dom, apoor job.

We belleve the imporwace of ., lDeasured
results is overrated. panicu1att1 msimacollS where
the OSM propulS are beiDlIppl'CMd !Dr I limited
time erazDe IDd ODlQiDl C't'a1uacoa etrons are
planDed. UDder tbe PECO plu. for GUlpl.. die
=mpIDY would =me before me commissioa
QIfIaUI./ly to seek apprcM1 of DIll ,.:'s propms
IDd meir usumed per-asfOlDlf iIIlpa=. The
colll.lDissiOIl would look fO tile iIIoIt recat eva!~cI£\,'

tiOD renJlI to bell' It pa.. &be credlbQiI1 of
complll1'S ilDpa -=-tIL AIlf mon-W'Y2k1
epmiD,. of 'tile ... by tdiIII It Impl__
lDeUanI well waUl Utta, be m.JId bf evala­
'dol. WI ~a14 CIft7 ...... dIt ot _ of
C'edJball1 widl eM cmnm'PkaJ

Re1Juce solel7 OIl m_arld ,... poIII twO
. dJsacSWzu.... 011 .. dill tl ...,. IIClI:ipt of dwa
boll.·atil eM ..... Ira IL 1111 ......, ad mora
serio.. dIsacl¥ImqIlI dW tl __ die boa...

. '\

_ CUler tlliIlp _. eqll&l. ... would =- \
tbae this rec1UCUOD i.D cen.a.uuy i.Dc:ea.ses ~c su.e 0t
Ule boaus o.eec1ec1 to OYert::Cmc luiliu.c:s' I1CS1tancoy to
pu:sue OSM.

While reUIDee 011. prappl'OYeC1 impaas briDp Ule
list Wt ratepa,ers will pay boIlu.ses tor s.avi.Dp that
were DOt adUevec1. we beUeve Ule potellaal c:ost is
small. liveD t:eqw:zu oppol"tUZl.ities to revi.su Ule
asnmed impa=.

luis tor t.be Ioau. OU's ortFul proposal would
I1Iw baed tbe boDas olllVOidld c:cstS (s~caUy,
011. tile size of tbe iDYestmczn c1isp1aced by OSM).
The OU mecbanism as approved by tbe PSC sub­
sumteS a shared SlViDp mczntiYe, wb.id1 relics OD
both the avoided COSts and OSM propm costs. The
NY PSC rejeae4 tAil tormulacoD i.D mr ot a
shared saviAp approadl., wbic:b· relies OD both tbe
avoided cosu md OSM propm c:cm:

Under the CDIDJ*lY'S proposaL OSM program
c:osa would simply be recovered. md would
DOt de tbe CIlcu1atiOll of the i.DczntiYe
h:se1f. The CD1Zlpuy coaJd CODceiYably dDd it
preamble to pamae dema.1ld rec1uc:aollS Mm­
oat reprd to CDI1L UDder [I sJw'ed SlYiDp)
proposaL ill COIltrUt. me lDlout ot the
mcatiYe paymat woaJd be c1irecUy tied 10

the cast-deaiYell.. ot the OSM meuures
dloIaL ::or tJIiI raseD. I perceIltlJl of
savmp mcbIDisrIl is supe:iar (New York
hbUc Scmce o,lDIDissioll 1989).

'the PECO proposal also adopteeS me sUred savinp
approadl. MaL !1ec:r1c's ortJUW proposa.t used a
COJIlbiDadoll of IYOMSC COS1S akme (tor the mazi­
IDiziq iIlcaI:M) UId sJwed SIYiDp (tor me
ddaq iDeeDM). ThfI IpproaQ wu altered b1
tU Mmadl1l1ettl OnT. hewe••• d. to tJ1e OPU's
rel1lCllACl to~ ..aided COla:

11Ia Depanmem ClUUIOt 11 dID am. I1lppon
... I90ided ..., lAd capldly CQI1I fO
ml=Wl ._~ aav .·aDd
rapId1J CQI1I IU1 lOt~ reprIMIl1
ftl-. .Imwd. IIdl com .... I COlllpla
IIUImn of IIIIIZ'pul ad arhetdeMt c:cn.
wIUdl 11 MIt repl'llClt 0Il!1 lU DIll MIt
Ilte:nlllMt. AI tbe Depanmac .. made
dar III iDtat to elfmiDlIe tbe IIIiIc1 to usc



ac1m.inismtiYeJy-dete1'miDed avoided cost tor
tbe resource selection aDd resoun:e priCUlI
prcc.es.s-tbe Department is interested in
minjmizj"1 tbe reii.aDce on such c::a.1cuJ.atiODS
(~Qusen:s Department o(Public: Utilities
1990).

The Massach~n:s OPt: SUbstituted a bonus
metbo<1 based on kW aDd kWh acJ:lieved. It designed
this metl10d to produce tbe same ruuJl as Mass.
Eleanc's proposaJ. namely, achievement of a Wlet
increase in ROE it the progrms are tw1y suCX&SStW.
(The OPU. however. set tbe tarzet at 1% additional
ROE rather than tbe 2% soul.llt by Mass. Electric.)

NOtwithsW1C:1iD1 Massachusen:s' concerns about
avoided costs. we believe tbe shared savinI'
approach is sound and has intuitive appca1to both
utilities and regulators. It represents a rewaJ11 tor
value received.. and it Jives tbe utility a continuiDl
incentive to contral costs. rutUler. it is reacWy
undentood by persons outside tbe utilitylreJUlatory
ccmmunity and is tbus likely to pISS tbe 'front pale
test.' For tbese reasons. we =pea Wt other stateS
will likely make shared SI"oiDp tbe buis tor the
bonus component.

In the final analysis. however. tbe au..chani'm tor
ccmputinl the bonus is less imporwlt thaD ia size
and the level of Wlcenamty surTOunc1iD1 hs rec:eip~

'While we see adYaDta,es to tbe sbared savinI'
mecbanism. we suspect that utility maDI,t:S will
view my mechanism primarily in terms of ia
potentia! contn'bution to ROE.

Dollar \fUa ot &be Boau. PerUpi tile kef quesdoll
is Olle that CUDOt be aDS'WVed ~UYel11l tbJs
poine How larp must tbe bollUl be to sene 111
purpose? AD CIICIlCYe wttll • major iJIWItmat
buml dnD baa ngated dlat all iDc:reue of
.15-.25~ ill tOcal ROE uiIiIl. from III iDc:eIlaw
woUld be maninlfal to uall&)' bMltOrs (pmOuJ
communicadall willa Cara a,ns. Marpll SruJey •
Compuzr. ScpcaIber1'"11m propama are taJ1)"
su.c:ceutIIL M-. EIe=ic'1 ilcat:iYe pia wiD Jie1d
1a parat the equMJeIlt of III addiaoul Q.3~

ROE... ADotber way to view tbe Mus. El~.nc ?1:1n

is that it W1l1 provtc1e a bonus of s.s..::.s auwOQ on
out1a'ys ot SJi.O million. or roug.l11y 14C':"'o above
ac:ma.1 =peDc1iture:s.

Wbetber these amOWlts ultimately prove adeq\Ute.
inadequate.. or ==sive will not be C'Yic1ent tor some
time. One possible puge is tbe etfea tnat one
utility's bonus amDgement l:w 011 other utiliues'
DSM plans. ror instance. it tbe precede:n estab.
lisbed tor one utility leads other utilities to
approach the COmmission witb propow.s (or
bonuses of similar magnitude.. and tbose companJes
are sbowiDl si~c:ut1y =panded commItments to
DSM. wemil.llt inter that tbe bonus is sutficientJy
attractive.

CONCLUSIONS

Each of tbe three incentive mec:h.anisms reviewed
here basic:ally meets the '0al of overcommg lbe
disincentives Wt surround utility DSM programs.
The most si~c:ut d.itterences across lbe
me=anisms are tound in tbe bonus component.
which serws to otfset tbe perceived risles of DSM
and provide a 'pure incentive' above ae:tuaJ CCSts.
Medw1isms that reduce the utility's wice~ry

about the receipt ot tbe bonus by provic1ing it in a
lamp sam W111likcly prove more powertW mouva·
tors than tbose that spread tbe ~onus out oYer a
perio4 of yean. t:se ot preapprovec1 per-unn or ?e:­
customer impaa measurements reduces unce:-o..ainry
and thus iDc:ases tile apparent value of the bOnus.
AD.Ilual micw of procram plaDS and assumed
impaca. supponed by ccntiDuinJ evaluauon
aetMties. minimizes the risk that utilities will
'PZU' the incaave system or receiVe ==:SSlVe
rewuds. .

4 %7*......."... fIIl'IMJ6v ftesuM ifJNl irt.w-._
Ml .,NIZJ ..u .,...... ,. /11-. IJIa:otc ..... rIV
/tOE.__ ill~
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M M.arD.q LaWiWCI BerU!., Labora~ ,lAd
G. AJaIl C4au1es, C6Ul0t"Dia PubUc t1tWUes CommWioa

The Electric Rate Adjustmezn Mechanism (D.AM). adoptecl iD 1.982 b1 the
e:autcmia Public Utilities Commission (CPUC) tor the major UM:stcrooQWDed electric
utilities it reJU1ates. represcus a major l1epImue tram traditioDaJ. r2tm'kinJ.
ERAM' removes a prior anti4)n.servario11 bias by ensuri.IlI that the uulity will tully
ccUec: its authorized reYe1111C requimuDt l.rrespec:tive ot its sa!es. OYer or
Wlc1ercoUec=ions ot revaues ac::::u to I balaDciDr accoUt and are amortized iDto
future rates. This mechanism proteCts tJIe utility tram the risk ot sales deYiatiDl tram
e:rpectations ter any reason. S11ietd.ln1 the utiUty in this way em amtoW1d other
polley actions tbat assume the utiUty t.ac:es incentives other tlw1 those created by
DAM. In this pape. it is &SSUD1ed t!W enccuraJUl. eerU' ccnsenation and dJs­
ccurqiDl bypas.s are both estabUshed <:PUC poUde:s. A StUdy ot speda1 sales ccn­
tra~ permitted between CaJ.1tcm.il utilities and their~ indust:ria1 customers
shows D,.o\.\{ estabUshes utiUty incentives that render theM two poUcia inccmpati­
ble under normal reJUlatory practice. nus ccaAlc arises because ERA.\{ JU&nDte:s
tat any revenue shontaU arisiD. tram I ccntraet will be lIW1e up on saies to other
customers: that is. the utilities are not han b1 siIDiD. ccntrae:s nrabie to their
industrial customm.

DlTRODUCIION

IUvDrIU D«t1UpIiltf. Since the adoption ot me
Elecz:ric ReYenuc Adjustment ~,"iSZD (!RAM)
br Ca1itomia. me intz'Odacioll of DAM-lib
mechanisms bas ben ccnccmpWld by omer jW­
dlCioas (Jones 1989; MastcMlZ 1919; 1114 Wei1
1989). £RAM mDO\W IIlllld~1bial ot
U'ldttiou1 rate:.c!-marIl (Roa) repJadcll bT
J1WUteeUll that a uriUl)' wiD coDecllD ambDrtzed
maae requitemat. irrespec:t:tN of 1IDtcnlta
ducmadoDs ill saJ& DeCDupUq of ali11l)' a.mmp
tram SI!aI .... oa1y OM of me moav. an tAl
iDidal implemmuaaoa of ER.AM. Nollb!)'. DAM

. , ... iDladed CD bollter' eM ftnllwil1 ~tIa of me
&UWU& Hc'wuw. me cIeca1IpUq 110M is.p.
sized beN beclae il COIUZfDI lICIt~u
e:maUyccnsiderUll ER.AM.

~cIDft BiIB. ERAM radI to "'mi,,'1.e ~

rec:op,ized mti<aucrvado1l bill iD pnor c:a1itcmUa
repJatioL The bUll results from CbI pbaomaol
thae. under pre·l9&: ~nUa rejWltioL \lau_

~1-tta.cA~l2Jt't-

rD

piA wben acmal sales aceed those Core=st. and
Yice.ve::sa. This c:rates an anti4)DScrn.tion ince~·

ave because CClISC'4tiOIl prolZ"lUDS that preve more
e&=iYe thaA IIltidpated hun utfllty e:uui11p. while
onal that fai1 badt the ccmpaay. ERA.\{ elimi­
D.WI th.is iDcadYe br lutcmati=11y eDSW"1D, that
atflltics ccDec: tbeir aaa authorized baH revenue
requirement ow: time.l.rrespectM of the volume ot
SI1&Co~. ERA,.\( red1IcII company risk,
ad tezIdI to DIp prada more sable ,et IIlIiAtains
tile iDc:eIldw to C1lt com and improve proclaetMty.

SIIIIIU fI/EllAJI. DAM ClJo1s widesuppon fA the
iD41IaU'7 iD CaW'oflia beiq pIfticUIIrty emui­
astic&Ilf adofHdby couemdaldsa (CaftDaP'
1988). ne <:aJ16:mda da. Uw opposed the
remDYI! ot ER.AM. aDd tbe Nadaaal Auociaticl ot
Replatol7Udlll)'CollllDillio1le1'S!urI.'CoD.scm­
ticll Collllllia.ee studs 011 rec=d • supponiD.
DAM-Ub ratm,lrtn, retDrms (NARUC IuJlctI
1988). However. some members ot the ~nua
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Publlc Utility Commwiou (CPt:C) swr haYe
rec:crnmended !.be etimmatiOI1 ot ER.AM. aDd a few
polley analyst.S .;)Ut.Slc1e the State ~ve aiS() =pres.se4
l'CSel"'ntiOI1.S ~Ziennl 1986: Sissine 1989).

Pt:pC' GoaJ. In tb.is paper. it is assumed Wt enC01U­
aginl energy consel"'ntiOI1 aDd allO'WU1' spedal
utility contnc:u to prevent bypass are betll estab­
lis.Qed CPUC pollees, and tlle cues tor and aptDst
these policies w\Il DOt be 11'JUC1. '!'he JOI! here is
twOtol4:~ to describe the mechanics ot !RAM:
and 5eCC1lc1. to =amine the effect ot EJlAM's a:is­
tence 011 the sua::e.u ot the ClUe's S1*W CC1lU'lCa
polley.

CAT TFOR.~ CON lEXI'

aRC':. Most ROR ratema.aD1 uses a test ,..
approach. ~Ul C&1itorDil is amolll the miIlality'

. ot s'tates that use I future test ,.eat. AU test

year parameterS used in reJU1atory proceedlD IS are
~ased on torec:ua. HoweYer. Wbetber or DOt
ratcma.ll::ml QSeI I torec:ut test yaz. DAM is
appllcable because· it correas for i.DaccarIda in
foreca.ns ot aema! sal.. c:aJJfomia reJUlatiOll a1so
deviates from the Ilorm in that pnera1 rate c:ascs
(aRC's) are collducted It relUJlf uu.-1GJ'
intcrYa1s. tlle twO. UlterYelW1l yean bciAl c:aJ1ed Uie
4ZZZnZiDft yctJn. III Uie aRc. the maue
reqw:emezus of me utWl1 for me tal ,ear are
torec:ast., &Dd they arc. essatilDy, dMded "" fDreca.n
sa1II co 1WI me rue UC111U7 to rea:MIr cAe
appftMid utilll1 emu. wbidl blc11ldll me.lpprcMd
ROJ. !1ecaic udl1t1e1 colle all 1IJJft-full all
Woup tbiI basic:p~ fa CIUlorIia repJ.acf.oa.
1I/NI-ftUJ CCI1S COYer aJ11d:1UtJ CIQI1I oQIr dWl. dina

. tDeJ. aDd pa.rdlue power apIU&

ECAC ... AM. SIDaI fUl cam 11'I CDDIidmd
more ~1I_ repIaImI~ mlc2lll11 I fill
COlllpoum tD .. ill IInIl ..., CoR
MJ1IItZII&l c... (ECAC) pro =W'"... A dIird
ClUfDmia "....,,". tile Amttiaa ......
AdJ-=- (AMorsimplJ."""') also pI'I'CD
a .... trona ckMIopiq bin: Jill • aziIIIfI CDI1I
UId 111 1uW:n1zed NVa'OI nqcdzlDlll be._
pIICI1 oacS. Aa:I'idma taaI 11:I:IO= of I&'II'ftl
sped1Ic S01ln:ll of nda I ..... IOGbty, fn1!''''''''
dwlpI ill pLut COItI, u.cl ft~ fA tile CIlIt

\
of =pitaL AB.A and ERAM work tOlether: .O\P.A '\
adjUStS the revenue reqwrement and DAM ruazu.
tees It.S .:cUecuoG.,

Krnmy ~ £.RAM. BeiUWDl ill 1982.. a troublec1
time tor e.auton1ia's eiecnc utilities. the CPt.iC
intre<1uced ~\o{ tor the IUJor companies. hcific
Vas and £leanc (PO&£). hdf!c PQWCf ana Ught
(pP&d.). SaD. Oieso GIs and Electric (SOO&:E),
Sima~c Powc (51'P). and Southern Callf01"l1ia
Edisoll (Edisoll). Ov.rml the mid-1980's Callfonua
utilities adUeYed ccm!onablc reserve cwgiD.s as the
SaD. Ouoh ad Diablo ~Il nuclear StatiollS
came oll-l1Ile. Ilon-gtility' ,enmtion appcarec1 ill
unapcctedly larl' amoUDts. and ruel prices feU
prec:ipitously. 'I'bae factors COl1.Siaenbly weakened.
Uie coasmalioll imperar:Ml (caJwc.U and C4van.agh
1989: Messnee: 1989; and CEOCPliC 1988). Fur·
ther. some trOublesome upecr::s'ot ERAM surt:lcecl
and. u pan of an m=siYe review ot Cali!o1"l1ia
electric ratemlJd.D" the elimination ot a,AM was
reccmmndec1 by the cpue st.Itf. ~ornia utillties
and various lobb!im. hC7't'CYU. vtscrously oppcscd
!AAM's elfmjn1tiall. and the Commission e1ec:tel1
to reWA i1.

ARGt"MENTS FOR DAM:

'!'he ccmpla:ity ot Uie CallfonlJa rcraJatory process
hal led to rather CCDYOluted arpmau for and
apimt D.AM t2W are DOt easily wrwoUDd into a
uat UST.. hoWeva'. fDJJowiIlI are SCYeIl ot the key
pro DAM dIUIII.

1. E1tAN I1lmittIIG tAl~ rt1 e«UrlazMm.
'rAe~ arpmem holds that without
D.AM. eautMIia a'd11tia would.tace two per­
vase mcaa- wUIl iIttc1e tmpUc:lUo1II tar
acbie'riq CD_ ;uIoIl po*, JO&IL f1m.. ODCI
tile c:aaa of I CZiiiMi;1doIa propua l1I'ft beG
added t.o ... rae.: U111UiIh'fI belt iDtctS1I are
scwd by '"'1dI1 tbI pI'OIrUIl taB to 4e.lMr the
COIIMMdaIl proadMd. Ia tbiI way. die dc,
reaMIJ me a:lID of tbI pI'OITUl ,.. POidI me
re'Va1ll _ill~ Imp'" Sec::DDd.~
.ORCa, die aIiUly MMr tac'II IA iIlc:eDtM to
seJ1111nC1l powc II pcIIible. muJly il1ii1l*­
1M of tU an of~ lL III boUl c::ua.



tJ1e rew:Due piDed tram seJ.ll.D. a kWH aboVe
the forecast !eYe! representS an almast cIirecl
CCDtn"bUQOD to r.t1e ccmpany bottOm 1iDe. CoD­
verseiy. however. DAM c1oe:s I10t reward sue.
cesstw CODSe1"YatiOD prop-ams. It simply tends to
ma.u the utility i.rlCWfe:n:nt to CCDSCnltiOD.

2. £RAM mIliN tNt tfjft:ieN:y in:.t1uivt. t:Dde'l
ERAM. utilities c:an Still e.:a:eec1 their aathoriZed
ROR by COSt eattinl- Thus. their in=udYe to be
emcieut remains.

3. £RAM rfmDVG th.I i1Iu1uiw t/) pm6 iII!(ftCQ,1f­
ill,. The incentiYe to tmd.er fcrec::ut sales before
a ORC and promote sales after it paracw.u.ty
c::ouc:emed reraJators duriD. the late 1970's and
earty 1980's. By paruteeiD. Wt the utility will
recover its reYe11ue requitemezlt, the iDc:etltiW to
pme witA sales torlC3StS d1sappem.

4. £RAM DlCDlUQfU 1M jfNml:iIlJ h.I4I1JI tJf 1M
1J.liJiz:ia. The JUIlUteeU1. of revenue c:cUeaioDS
CODtn"bUteS to the tmaDdaJ health of the utilities
by ret1udn, the variability of eaminp. ERAM
Dot oDJy el.iminates the potentially adYe:se efrec:r.s
of losses· of sales from CODSez'Yation. it aJso
automatically adjustS tor DW11 other sources ot
sales pemubatioDS, iDdw1iD1 weather aDd the
business c:yde.

5. £RAMIN!l'f'"iz:JiM.t1VGliv,~. One pota­
tial source of reYe1lUC YUiabiUl1 meritS special
mccolL, lWDe.ty, the CCDHque1lCII ot imperfec
or apaimct&1 ratemU1DJ. Notice Wt It the
base rate set bl t.he ORC II IIcr:m'ec:. me
subseqUat miscaDec:tio1l otmaUl wiD aa:ru
in the' DAM ba1udq ac=am topdulr wtdl
UY' oiber miscaDeeaa.. 1'hat .. tbe lId1k! II
DOt hun b1 ratem·!rfn, bLlccarK'J. Aj • rsalt.
the CPt1C Us more 1aItmdI wUIl rltan·'dnl
iDDovatiaDl dlat it df4 pnar CO !RAM.

6. .~~ ., "1""'" tfIIdIN:1. WIUl
reprd to bolla tM eUmtn'dcIl of1M iDc:IDtM ID
pme wtdl anc.a,·ad die tUtnfuDol ot_
ottDv=ma rltemllcfn&It 1DCt1I rtpeIIiq tJw .
tile presac:. 'ot EI\AM redllClll tbe crmtlllao.­
D.a of rep1aunr praCMl1'np, III1I1dDI iJllOlM
saviAp ot actminimatM don.

7. EJtAM CDI'ftG dwtrp. ER.AM II • b1lnl1KftaM:
mec:tlegjqL WhiIa bciq fir tram hi to

administer. UUS approach CCIRI cca.siderably less
UWl alLemaCiYc mewxl.s ot moDitonD, uulity
beUvtor.

ERAM MECI:IA.~CS

Buk PriDdple

D..A.\f periodJcaDy adjUStS the non-ruel put of
r2tes. base rates, to =sure that the utility laually
ccUeas itS tU11 iuthortze4 revenue reqUirement.
ERAM ac:bieva UUs paril1 by maintaining a
ba1aDdD, aa::z::nmt in wtaidl misa:)Uectio11S o(

revenues acc:rue. This acccuntmc proc:edun mimics
the ccndua of the California C,net'1Y Cost Adjust.
ment Cause (ECAC'). the tae1 ccst adjUStmCDt
proceediD.. !om ERAM IDd ECAC balancing
aceount mecblDjsms add.re:u the problem of ac:ual
revenues str'IyiD. from authOlized levels between
ORCs: ECAC adjastrDCDtS attempt to aO:OW1t
tor UIWltidpated. CuauatiODS in tI.lel COSts.
while ER.AM accounts tor uDanticipatel1
ClIctuatioDS in sales \'Olume. The =stence ot these
mecbanjsms toptb&t ccllSiderably reduces utility
nst =ponre.

Namll'tcll !DIll"
I1ul'odacdoL The lbDcwiDI desaipt10n leads tl1e
reader WcuJh I simple DAM rpreadsheet model.
The camp1e shows _ effectM base rates mipt
tvOM OYer time aDd how £RAM coDtrols a utility's
ROR. The stan:iq poillt loosely represeDts appUc·
able n1Ullben for die Soutbenl ~omia Edison
complllJ. b1l&.~ the am rear, dle =ample is
tot&l1y acado-.
Modal Allaapdolll. 111 tbis simp~ c:rample, the
ratm.!rfn, far ,. r UII p1lce predsc.ty It the
ad ot ",'-1, iDd all acraa1 dati far rear r·l are
bcwL 111 IddidoD. me lbDowiJlI imPOl'Wlt usump­
doll are IUde:

1. ne ERAM rue 1I1dJ1II1Id jut once a year ad
it~ tor me au:irI tDDowin. year. u are
die ORC ad aari1:ioD IdJuatmeDt:I to base ria

2. All c:ust.01DCI GIl tbI syNID are OD • W'i1f
wboN bIN fill ad ERAM bllnce nue are
idaIDL
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3. Base operatUlc COSts are iDseDsitiYe to sales.~t
is.. an increase i.D sales docs aoe imply &D inc:rase
i.D base operlWlI costs. "I'his is ~uMJent co
wumJ.I1l we Ule only l.DaemeDW c:ost ot
gcneT2t1n' &Dother kWh is me tu.el burned.

4. The mode! is ccDceruee oaJy with base rates.

ResuJtI. The rul1 =amp!e appan in the nrt'O pans
ot 'table L The apper part demonstrates the nne.maiin, dODe at the end ot yar r·l, and the lower
part ret1eas the events Wt acmaUy oa:umd iD ya:
to In other words. wbat appan in the upper ana
re~e=s wbat is COWIl or torecast at the end ot ya:
t-l, and wbat appears below re~ec:a wbat is II::Darm
at the end ot year to

Space does !lOt permit I t'u.I1 descriptioD ot the
model here. but the salient features ot ERAM are
easily identi1!ed. ne easiest WIY Ie mdCn'Wld
Table 1 is to wort backwards. Fo=s am OD the
compaDY'S bonom llDc. ID eac:A at the wee ,.ears
shOWD. the authorized ROP. aD rale base is W~
(llAe 5). UDe 36 shows that withem BAM this·
utility would haYe ac:maUy reponed the 11ltboriz.ed
rale iD only ODe ot the wee years. 1990. EverythiDl
works out as pluDed in 1990 bec:aase both sa1II
(UDes 2 aDd %1) aDd costS (UAeI 7 ad %1) wee
a:ac!y &I torec:ut. If aD yazs nned 01ll so
perfectly, dear!)', £RAM 'ft'101l1d lOt be DlCeSsay.

Loot DOW It me same liD. for 1SI9. r. this ,art
sales aceed torec:ua. EDclyu DAM PfOPODClII
claim. I sipi1!cut beDe4t Ia:uI to me comfWZ1
&I the fenana 01a rile bile II an tIIu twO poma
above 11lthorizlld (UDAs , uul36). 'nail rlprtICIUI I
dJ'Imalic~e=OD me colllpU7'l perfot'Iwlc:e. pwa
Wal sa1a wee 01.1)' %oK (UDI %3) abcM tU ton­
c:an !RAM fa d4mped to tUm'"'1& eacdJ tbJI
powertla1 dIcz, u4 Uu 31 abDwI bow wI1 EJ.AM
worD. n. reponed 1.01. wtda !RAM III plac:a til
1919 fa pr'IQIelJ die W'"~ Fanbar.
ER.AM opeI'IIII~. If SI1tI td bIIcw
forec::aa. ,..,. 1.01. W01IId nil be aaalf •
I~iatldl,...

PIDaIJJ. coasider die... Ia 199L III dati,... die
compur sdIn bIdIJ. Am. ... 11'I Jowr tIIu
fol'lCllR. ad IeClDDd. opemtq ern ... theM
foreca1l. Wltho1at DAM. die CD1DpUI1 ROa fda
I c1ewstltiDl 5 poUlli be1mrIlumarizGd (1Iae 36). Ia

t1Us cue. Ule ROR is Qot t'W1y rescored b,v :::tA.V<
(liDe 38). lbe d.iscrepaDey results trom Ule tailW'e o(
ER.AM to lUke me c:cm~ whole for the ac.e:s.s I

operaW11 COSts (l1Des 1 aDd %i'). While Ule ROR on
rail bue is DOt atfeaed by the sales shortfall. :t
remaiDs sensiliYe to deYiatiom in operating ccsts.
Hence the daUD Wt £RAM removes me disincen.
tiVe Ie COJ:lSCr'YatiOD Wbile allOWiDI me c:cmpUly :0
be ptmished tor iDddeney.

E:RAM Opendotl. 1b mdersWld how ER.A..'A
adUe'wls these resula. coDSider the aamry in the
£RAM balucUl' aa:omn (U.Des.30 ~). COUect1ons
a.boYe or belowa~ ac:ne in tJ1is account.
AlfII:r proper a!1owuca tor intet.t aD Ule balance.
an adjustmeDt to tamre rata. ClUed here the
£RAM baJlDce rail (line 11) is ca!cu!atec1 and
added to the bue rate Ie to~ aD efJct::::Nt btUt "au
(U.De 19), whic:A is the~ the =stamer ac:ually
sees. ne intent is to zero out the account i.D the
upc:omiAl period. alU10ulh tbJs lOal is neve:,
ac:ma11y achieved bec:lase at the ODJOinl mcc.u'6C'Y
ot torecasu.

SPECIAL CON'I'RACfS

IDCI"OdadioD

£RAM wu. iD pan. iDlCDded to proteCt utilices
from the beftfeCD-oac revenue leu ren1tiDl trcm
su=astw CCucrvatiaD proJr'lolU. yet iD practice it
proceca llt:Wti. from sa1II deYiauau resultinl from
IDY caasc. 'Tbe au-a=mpassiAl D.ltlUe at E,RoAM
prote=iOD pona41 powatial coD1U= wtthCPt:C
policy ill SOIDI areas. wtlere the CPUC would prete:,
to see tile aa11tia bar sa1a nat. 'I'he emerlence at
spedIJ =stD1Der CDDa'ICIS, ~ are asec1 in
CaIJtomia to cUlccarqe bJpaI. p1'OYida aD illum­
iDltiq camp'"
llepJauny c:bupa. iIIlprovemali ba CCpZlmtioD
IedmoloD'. Jew pra& ot umral pi ad other Ulht
f\I.eII, u4~ bf eM tldumill rate dass
of tbi midaUII ella· aD .. 11) IUD b1PW &D
laracdft cpa I) JIrfI CI1ItDnUa CU1Omm.
Ho..... bypuI, It fa arptd. IodYmel1 affe=s the
caplet" mOlzI_ &lid lui = of utWaes.•
i.Dc:reIMa tbI Stale's depadac:e O!l impeNd toss&!
tufa. WIIIetADy d1lpUc:a18 tbI Stirn pDerat1n1
capletty. CDDfo1mdI iD41IIUy plwWll. ud lw
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SASEAATi
, fortCUt saJe. d'l1ll;1
2 lorwcatt"* lor year t: (GWh)
3 autl'lonzlc Intlrut ~I
4 ratl bue
5 lutnonz~ ~I of r"INm
6 :an;lt um"';1 : (' 1 5)
7 lorec:::ut bue OClI'1linQ celts indUdIn; &m1UO" adjultmlfml
a autnonzec rtvenue I'IQUlrttnlnt : (8 • 7)
9 baH raze ." t·' :(CI1cWh)

, 0 forec:ut rtvlnues IS CUrTInt r'lJlI : (2 1 9)11 00
, , fortCUt rtYI"~ anontall: (I • 10)
, 2 bue ratl ~ t : (112')1100): (c.1cWh)
13 d'tan;1 in base raI.iovef Ylart·1

4.0%
5M4O
'.0%
SOOO

12.5%
750

3!00
42!0
'-170

/~
5.170 5.192

0.''''-

3.0%
706i9
a.O"Y.
6304

12.!".
7U

3823

"'"5. '92
4371

33
5.2380."'.

z.,.,..
~'~3
a.O"Y.
&o&:SO

12.5%
SO"

:1749
4S5J

6.Z1S
"99

54
6.314
,.~.

EiWJ SAU.NCE AA rE

"
EAAM baJince end of t • 1 .171 ·'31 ·5

15 ERAM ballllCll"l in t·1 : (c.1cWh) -0.30' -0.259 .0. ,as
11 torec:ut EAAM rtVtnu" alCUmttlt biIn; facer: (15 1 2Y100 ·m ·113 .,~

,1 forKUt ERAM I'IYI."ue .•nontal: (1' • 1I) 31 53 '25
'8 EiUM baJancll'IUI in t : «14n) I ,00): (CI1CWh) .0.30' .Q.2!t .0.,15 .o.CC7

VP:C17Vf SASE FfA rES
11 .tf~ baM tD: (12. ") S.aN U32 6.05' 6.301
20 d'\an91 ., ttfldW baM rare. OWl' yurt·' 1.,"- 2.0' 4.z-t.

ACTUAL EVEHTS IN VU" t ,
GENE!W. RESUL1$

21 ac:zual ..,.. in t: (GWh) 7'OIoiIO 7018 i'O'~3

22 ac:I1./al aaJu rtlaztve to forwc:uz PIi;IW IQual IQWet'

23 """ in tal. fOl'lalt 2,"- O.C'% .2.~.

2~ ICIUaI Due tD rwIt'IUeI in t : «12 1 21)11 00) 41£ *'11 ~7

25 acNaI EP.AM NWftUII in t : «1'121)1100) ·'13 ·'31 ·5
21 tatall'WYWIUII in t : (2' • 2S) "" '210 ~

21 acNal baM 0PI'1Ii't c:oIII 3!00 3123 ~~1

21 ac:zual baM~ COlD ,... to farIcuC IQUIi IQUIi n..Nt'
21 Inat "~ COlI fa... ~ O.o-te. 5.0%

EFFECTON EJW,I A&CQUNT'
30 In.., EAAM..... bIgUIing • t ·'11 ·131 ·5
31 mi'COl••• in t: (I· 21) 51 ,31 ~3'

32 endng~ ...... t:~.31) ~"I 0 ,~

33 imarIIC -'*.... t : (1VIlI(30. 32) 13) .12 ·5 5
3' dol;,; IRAM IIIIID • enG • t : (22 • ZI) ·171 .131 ·5 '3'

EFFECTOFE1WI ON EAIWINfJ$
...,.,E1WII

3S I&:UII NmingI : (2£ • Z7) 11£ 111 dO

31 acIIIat ..... nnum: ((3514) 1100) ".n. ,2.flCt 1.1'%
..,.E/WI

:rr ICIUII MI'ftin;I : (21 • 31 • 21) 1'5D I'll S~.

31 ICIUII ,.. Of,..... : (31/£) 1 tOO) 1z.51lCt 12.!'Gt i.1%

ItngllZtO RN0UfC8 /'18I1ning 5.129



l1epave =viraumenw c:cns.equence:s. 'nle most
stndent argument apimt ~. howeYer. is that
U1e W"1f!s ot =stomm rem'm'"l on U1e system rise
because U1e barde11 ot azea c:cst recovery taUs more
11eavi1y OD a reduced =stomer baM (MacA\'OY.
SpWber, and SWille 1989).

aue policy reprdin, bypasa ill the mid-1.98O's
was. Ul,C11era1. to cUstavor it. The aue allowed
udllties to wriIe spee:W C:Clllnas With =stomers
that weatc to bypISI as loll, as the maue
pined t.rom the C:CIlU'lct c::eeds the 'lViaJ)le c:cst of
sezviIl, the =tOmer. III other words. as lOll' as
kecpin, the =stomer by meaDS of I C:C1l1nCl c:cald
re:su!t iD I pCIIitiW C:Clltnbutioll to base revenue
r~ui:emC11tS, the bypUl 'NIl c:casiderec1 lUVQ)­

MfrUf: and U1e C:CIlU'lct approYed.

'T'his ques1:to1l to be addressed in the test cue is the
faUowUl,. SiIlcz the Calitorma electric ~n::Wties ue
allowed.. or eYeD encoarapd. to mak:: iDdMdual
C:CIlU'lCS With larp =stomm that we.atell bypUs.
how docs the a:ismc::e ot DAM dwl,e the ek­
tiYeDeu of the COIlU'lCZS po~.

Tilt !:I:ampll

III this aample. special COlltrlCtl are siped tal
re:su!t ill lest sales of 500 GWbIy. It ilassumed tbal
the COlltraerS asure tUt ECAC COla are CO\end.
ut£. tunher. tbal 110 rail etrec:a result from me
ECAC sid&. III OUler words. the taU impacz of t!le
ClOIlaac:a Ippan mme baM rail CI1caJaUOas. nae
ClOIlIrICII IN IIIlUIlId to provide 2.0 cJtM of
ma.. iDNId of t!la fall dec:dw bile fir-..
."... Caa F1IIt =-icier » .. 2. Ia U&iI .11.
me rata ~CII of aDGwiq t!lI bJpIII ID
proceed an pnICllld. NodI::I dial 110 dsaqI III
reva. NC(a.....c l1li ... IIIIdI (UDI I), III
teepiq wtda 8IUIlp_ 3. Nota dial t.IIe tDr..
doeI'wa.dII lIIltrlCl mID ICI:I01IIlI (UDI Z). e-!J.
a4tr daIM ..,.. UiGiiipdOll. 1M ,.....inl
ClllIOIDtII..be WOIM offbeca 1tRdnrda
of t.IIe ,.... reqcizllDllll II lIOI'I IIdcIdJ
KI'aII t!lI redaCld .... CoIIIpariq tbI dIc1M
baM ra. m"ablll 1 aDd 2.. t!lI rae. m_ bJpIII
c:::aa are bill*' bl 1990 bl 199L

Coatnet Cu& Now coDlidc dIa COIlD'lCl cae
praaUld ia 'able 3. III tbiI cue. COIIInCII an

successtwly nerouated wtU1 the bypwen aDd ~eY

alf- to rem&1n on U1e ~tem. but at a l'l'efe:oe:1caJ
rate.. CJmpannJ line 19 ot ~bles : ana .> sl:lO"Vr'S
customer rates are lower it the bypassen are ke:lt
OD the system. This c:cmpa.r;.soD demoustnte:s ~e

key UIWDC11t iii f2y0r ot pcrmminc c:cntncts. 3v
k=pilll the bypwm OD the system. even ~t
af2vorable rate. the other =stemm benefit VU-e2.\IU

the SituatioD Wt weald result !:rom bypass.

CONCLUSIONS

ERAM werts • =peaed aDd does indeed shelter
the utility !:rom sales fluctUations. thereby remOVUlg
the anti<DDSCMtiOIl bias of pre-l982 c.uitonua
reruJatiOll. However this result is awe:ved i.n a
rather hgyy l1IDdec1 awuler that ac:hieves tbe con­
scnatiOD policy lOa! while pOtentWly c:ot:l.!ounciing
U1e anammeDt ot others.

IroDic:aJ1y. D.AM Ippears to bave c:cme tull dr~e
with reprd to sped&! C:CDU'le:tS. The utility's best
rente.,. 11 seems. is to D10UIlt I costly et!on to
DeJOtiali sales CDDa'Ias IIlCl ensure that these COStS
are sate1y embedded ill rail base. The COStS
embedded ia maue requiremeZlt will be c:cUec:e4
by tile utW17 _rAMI' sales ultimawy prove to be.
Abc tile OR.C embUslWl, revenue r~Wre:nent.

t!le utWl1 sIloald dramatiClJ1y cat ia nerotiaWlJ
don. Whether or Dot ClODIZ'ICa are actUally sienCC,
and It Wbat rues. .ppais irrellYlDL The utility
should J1IIt maD dlI miAimam etfon that W'iU pre.
wm I liter pndace disaDowuu:e ot the C:CUU'lC':S
sa1II Cfan. nil is caetl1 t!le utility behaVior
toWU'dI~ propama tbat ER.AM was
"raded to &Wid.

ACEN'OWLEDGMENTS
We dIaIl: dII' tlDowiq mtewm:. AJu F.
DtaribaII of Nft bl"wI Power ScYiee. Ene
HIm otOlt lUd&e NaDouI LDoraI.Ol7. Cwtes A.
Ooldllwt.. EdwIrd ! Ealm, ad JOIIpIl H. Ec.o. of
LIt.. Prof. e.1In~ of me Scbool ot PublicPo_. U.e. 1erbJ.IJ'. J:)aWl McUovtIZo EDerI1
RepIaIof7 CoDA1tuI. Da\ta PaDmlllCo Ramesb
P'I'Id'·NM. PIIIeII 11aomplOD. ad 1&1U1 We.il of
t!le CPUC, Ralpll ea.uap of t!lI Nltunl
RIIoarc:a Deface Co1llld1. Sam SwuIoIlud JOD
D. SteWIn of die New Yort $We Depan:a1eIlt of



rGbIl z. Byptm C431
lin, , Y'" (t) •• ~U9 '990 '99'--A.lT!MAKJNO FOil' YE,.4A I AT THE END Q, Y~A I·'

SASE ..;..eTC
1 fcrecar 1&1.. c:Il&n9' 4.0'% 2.J'IY. 2.:%
2 tcrec:ut saJ•• ler YIII t 6a&'O 70'" 7'5'3
3 autnonztG Im.,..11 rat. 8.0'% 8.0% ' 8.0"".
4 rat. ~IH 6000 6304 5oQO
5 IU11\OnzId rm ot flwm 12.5% '2.5% ~ 2..5"_
5 W'9.t UtnI"9' : (" I !) 7!0 i'1I 8C4
7 fcrec:aa Ca. eoef'IDn; c:csts indud~amtcn ac::Ijuszm.l'U ~ 36Z3 3749
8 ILIti\Onzld rtv.nu. reQulr.m.nt: (S • 4250 ~" 4!SJ
9 I)ue I'll' in I·1 5.170 5. 192 5.2!3

10 fcrec:aa rtvenu.. 1% c:urrtm rll" : (2 1 9Y'l00 4Z35 4347 oW99
11 fcrec:uc /"Ivtnue Incnf&ll: (I • 10) 15 54 '54
12 bue rare in I : ((8I2l :r 100) 5.192 5.213 5.~a
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E.=tAM SAUNCE RA T'E
14 EAAM balanc. end ot t • 1 ·111 ·131 26
~5 EMAM ba/anc. 1'Wt' in t·1 00.304 00.259 00.'85,. fcrec:::la Ei=.AM revenue. 1% c:urrtnt blDin; factor : ('! :r 2)1"100 .2Qt .182 ,'33
11 fcrec:ul EMAM revenut ,,,ol"lfatJ : (1" • ,.) 31 S2 ,so,. ERAM DalltlCl tal. in I : ((' 4.'2ll , 00) : (2412) 00.2.51 00.1'. 0.C31

:.=;::CiTVE SASE RATES
19 .tftCliw baH tal.: (12. "l !.~ 5.091 5.3$
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AeT'UAL EVEHTS IN YIA.. t

GENERAL RESUl.TS
• 20.• b.. caeaaJetint 7O&&a 701" 6;'13-2O.b saJ...du,to~ 0 !OO 500

21 ~allal.. in t i'os.&O HOI 6;"3
22 ~al sale. I"IlCiVl =forte::Ut ..,., aww CIwtt
23 lnar in 1&1.. torecuc 2.fIJI. 00.7% ·3.5".
24 ICIUaI baM,.. revenu. in t: ((12121)1"100) 4374 437'9 43$6
25 ac:ru&I EJUM I'IVttlUtI in t : ((1' 1 21"'00) .tel .130 21
21 taral mtf'U" in t : (2' • 25) 4'" 42SO "20
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EJIFfCT(#E1WI ON !AlW1Nt:iS
WJilta.t SWI

3S cuallllNngl: (2' • m 1'1£ m 4S1
31 cu.I,.. of NNrft : ((:ISI4) 1100) ,,,,",

1Z.~ 1.'~

...rhEJl,AM
~ aaual umi't;I : (21. 31 • zn 110 711 .,,
31 1II:tUIII,. fIII,1CW'ft : «('37/4) 1 100) 12.5% 12..SY. g.l%
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Balancing
Shareholaer and
Customer Interests in
Incentive RateJ!laking
This system of rewards for utility efficiency
investments includes elements ofcustomer
equity, "lost revenue" recovery~ and an
exponential incentive return for shareholders.

,
I•

dud:icms of 2.900 MW. aM er..qy
: ~ai 1S..5CXlCWl\~ the
~ yar 200). nw Enargy Plan targets
! reduction potl!rltial of 8 lD 10per-
; c:e:nt of ptojecoted 1oac:is in the year
: 21XX)buC in putan adraft stueiy
~ d.tIl:hNl:Ilenergy e£5dIn&:y &rid

J:lSM pctmtial in New Yorkby the
~Courv:il for an EMrgy E,f.

&dInt~

OtNrltCll'\t Jf't,dj- estm1ate
I peak~ pctmtial of ..
. 1Dft than 15 paCElitm:l~':'I­

: clud:icn ol3>pca:nt fmm NIl-
: ale implcn!rUatian 01 pnxnising
. t5M • P1aMecl U1:iJitv 1%\-,prosrams. .
~ineN!llY~U\d

CSM are iNutfidfN lD tap this po­
tI!ntial.

.... ,~ :'.----~, ' .... _...



De A '10poH! far Refarm
The l'IINiMlf of this arade fo..

CWIII Oft I thm-part pioposaI the
luthor dl\"iJec! to C\COW'Igt utili­
ties to chaMel apital in= lower

I cost effidencv Uwestml1'\tI. This >.
PfOposal was submitted ~fore

the New York State Public Service
•

•

•A. OSM Cost Recovery
The d.~ :lart or the ~tlOSal ~

1~ thatOSM-~~ =S~
be das.si:ied and Allcat!Ci~d~

:r.md an:~.~ laosS all
~me:s in I l:%\IMC'~t

wid\ amm rale design praoc:es
for supply inVll5Cl:n!nts. N with a.Il
utility 12pital CClStior~. the
appropriata~ and. raa!
tzatz:Mnt reqWres that cast outlays

> zNId\ the receiptoi~ ~­
~tI!d c:mts sMWd be rICO\··

md oYC' the1ife~ot the
bINDta. Capacity redudicms. like
c:apIdty addiexms. beftcit all
QlStlDInm by tnSY:i:Ig the 1\-ai1a.bil·

ityol adectUata suppUe to meet
asDlN!r SC"'Iic:e needs. Mon!O\'e'.

scxml OeNmts of reciuc:ei fossil
NIlQ~, reciW2d air and
\\'1. emissiaN. ardi:nptt7\'ed

C~nurJ.55iot\ in :'t"OCf!'!'d.ir.o in.. -
voiV".ng Oran~ .lnci Rockla.nci
L':iliae5. Inc. and Siaga:1 ;"'10-

haw~ ?ower C-'r":.'Or3cor ;.. . .
'!.-wr:-.:.ned :at f!.":".aic.:-.g ~:-.c: ;......c~:- .
Qvemec.~ to promOte ;easc­
Osc ?ianning and .:iemanc -side

'0mar..lsement. '

::"e :,rotlosa.i was ~ot adoececi. . .
bv the C.;)mr:u5Sl0n :r. :iut ero-. .
:~s. ti\e C.;)In.-:u.ssion ha\i:-.g

, Opted for now to ado?t si."':Ular
, ?fOposals orre.~ ~y :he ~clicy

par:ies. However. :..~e C';)mr.".is.
sion sooke favorablv.;)r :he :'l'O-. "

?Osal and may yet deede to

ad~t suc.~ an atltlroac:.:" :."'. suese-. ..
quent ?roc~ss. I.n any case. :
commend it to the attention or :.;"e
rr.a...,y jur.sCiC::ON which are ~O!'.·

S1de".."lg ~.:latory :eionr.s to :e~.

tC encourage :ea5:-':OSt. en\'U'On'
mer.tally benign f!....~. ?ia..-..-.;....S

anUnp. This implie tNt the role
ol~shouJd be to pn:Mde
pwpc~ £crud1iftei to in­
WIt in the srat1CCNXnicIJly"
dentaJIImaUv&'

To encou1"age greater
unlit...!> irrc.'estme11t in. ,.,.- .energy ~.rjlc!ency, toe
nuzy nef;'d to make the
profit Of! akilou:latt­
hour sa7..~ed equal to or
greater than the profit
on a1ciloulZtt-hour
consumed.

Fot":'.lnaceiy. :: ippe&1"S :he 00;'=. I

:::...e or lower'U"ig c:-.lStOme: :'OSa.
......hile :mp1"O\"U'\g sharehoider
ea.r:"'.mo. :r.,av ~e accorn~llshed._. .
,y reailg:-.1.....s :-es'.1lacon :0 f!."'.­

cou..-age capltal uwesane."lt in

lower cost resource opcons.
D ecogni%i....g :hat eiec:".aty see,",',

1'-u:e an be saci.slied tiu'ouF- ei­
ther new suppiy or dmw'ld reduce
tions.?Oii~ are o::)1:ning to

believe that both types or ud.lity ir.­
Vestmc\1S should be a.iiorQed com­
panele opport'..uUty to provide

7':\ere r'e::wn. in ra<::. ?Oweri'..:l
fiN,nc::.al ai.sl.nceneves :0 greare:­
utillty :J'westment l.n OSM.'
l_":'\or.~ ~:-.~:':". ~re ~he ?ot~c.aj for

poeater than e."<pecec :-eciuc:cns
in sales and ~ost ?ront ?Ote.."lti.a.l
on sales not ::'\ade as a :"eS".J.lt or
:JSNt. U u:ilices ope..-aced ~"lder

com~ec\'e :narket conditions.
:..~ey wocid behave like any other
wmoetic\'e enterorise and seek. .
out inVe5C".encs which.had the
greatest ?Otential to t:N.Xi1:r.i%e
eamirlgs.' However. si..,c:e most
utillt'V services are monO'OOllstic. .
~ are therefore regulated. utili-
ties w'ill seek to maximize earn­
ings sub~ to the cons=airu:s or
that~tion.

B~t :he syStem of ecis""..ng regula­
t1or. a~.:ally encourages 11\­

c:used ~es as I means of ac:hir:-
ins~ earnings and
disc:ou:'a~ invesa:nent in lower
c:ost tmct:\CV im'Orove.mentS and. .
CSM Opt1ON WNc."\ reduce sales.
The less :-.an ec:onomic:allv.· dident

> I

lrtel of izwestIMnt in OSM~
sources to dati! may alia be 1iZ\bci
to dif6tu1ty in providj:ls pwper

" and value~_ ..I.. to UI:i1itv
~ ".,.- .

I > ."-t the same time, howev&
c:ompetitive forces in the...gf
r:wicetplace are c:ratinI MW ec0­

nomic i:nperatiwl to lower CCIItI
m:! i.1:npIOve azstlOlNlr~

To encourage gra_utility in­
Vest'I:neftt in energy efBdetey Iftd
CSM. thc'e may weD. need to be
aJ\ cppomWcy Eo: uDlity invest­
OIS to pt'Oiit from effideN:y invest­
mentJ-CD tnake the profit on a
'kUcwltt-hour saved equal to or
grater than the proiit 01\ I kilo­
Witt-hOW' c:onsUZNd."

.­.'
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I
I «Dn.Omies of service IN,! be
i V'iewed U acauing to an CUStDmm

I in prcponion to~~ needs.

i C°nsis~t .....un fu:ru:Wr\ental
prin.Cpie or rate desig:n. in-

Vestl:N!:nCS 1rI rae or firwu::i.al in­
centive rer efficient aP'?liances, effi·
oem ligha.ng and emcem HVAC
shoulci~ alloc:atee1 on rhe basis of
coincident de:r.and requirements
and e:nqy use or eac:h custCINr

class.
Costs assoc::iated with reduced

capacity needs should be aHorded
rate base treatmeI\t similar to

costs usociated with apadty sup­
ply, with commensurate mum
for prucie1'\t investments.

:-';oting the valicUty of the vari­

ous i:\te......enor md utility argu­
ments in favor or amorti::ing or
e."CFensing DSM related costs, the
Commission has lieemed it cis­
able to gair\ e:<periena with vari­
ous approaches to DSM cost re­
c:ov'-"Y betOI'! anyone is adopted
as scancWcl practice iz\~ew
Yoti;. :1

In its 9rCef rtlatirlg to ~-lapra

~lohawk and Orange aru:1 Rock-
I land. the Coaunisliml provided

these utilities latiNde t:D rec:oVC'
program CCICI in the diff'Innt
~ ac:hhaclpt~ 1'hI
Col:Nl'tislioft't order 1\OtII, how­
ever. that 0Iup and RocSlaNl
has Met scatld it woukl accept
amortiurion of prcgram CCltI

O"'ef the pcioci or~ aMd­
dent with nlC'tipt or propm M.V­

inp. while Niagara Mohawk
woWd e:<p'G\M aru:1 t'lCOVC' OSM
~ts from~ a$DtMr

~ in proportion tz) its Nvinp.

B. "'Lost 1te'Yenue" Itecovuy
i. . The second c:omponrnt of the
I fm'posal~ that utilities be
I allowed to recover lost revenues

iWOdated with greater than 1."(­

pectee1 reductioN in sales ~wt- .
i:\g from eificency i:\vestments.
Lost revenues should not be con­
sidered a "cost" in an e<:onomic
sense but more a tempora.ry un- .
derrecovery of embedded COSts.

Utilities should be
alI01.oed to recover lost

revenues associated
with greater than

expected reductions in
sales resulting from

efficiency investments.

Recovery of such COSts should be
pcmitted. nonetheless as a rnaN
to 0'" EiCOIne pcaived disi:1cm­
tin to etEidenc.;r invesC1'\efttl.
'To this end. the p!OpQSI1 rec:om­
1 mends that rtYe:'lUe '1cueI" be

rICXWtn!Cl inaZN1'lft!r that best apo
~tM~undc

which ttae :IYCWIS wtNk1C. re­
a:rwnr:l undc tndis:ioN1 ratmNk­
ins- For1Dofa bI!Jer iZ\tII!rim em­
tnl:Ntioa. tMysN:JWd be rec:DYCICi
&omdImazd artd drCIY c:hazpI
IC'C8 &11 ~1IXnI' dassel.c

'Than a1Jo rmWN 501ne contu­
sion :eprcting left l'e'V1:\\11t rI\."O\'.

erv. In ttw fnirlds ~t :tom. utilitv. .
eteC'Utives. "lost revenUlt5" is
tU.m to rnan 10ft l!mUngs op-

pomuucy, in the seNe that sales
once lose will be lose forever. I de­
W lost revenues more conve:\­
t:l.OtWly to reie:r to the und~ov­
ery or iixed cOsts between ra te

ases. There is no guaranree :.l...at
sales once lost are lose iOn!ve:.
and in my event D.SM i:\vest­
ments tree up energy and capac­
ity which can be resold to othe: :-e­
tail or wholesa.ie C'.J.Stome."5. 'i.-:ev
may also wish to do so to avold
e.-ec!SS reserve tna.rgin pe..'Ulces.

Orange ard R.ockIa.nd and >:i­
agara ~lohawk. havmg ::ie­

CNd.lost:'!Venues in the conve!'.·
QorW seNe, were allowed by ~e

Coe:u:ttiss',.on to use their OWfl ?re­
im'eci t:N!"'.hod.s or rec:ove:y on an ::..
tI!rim U·!:%'lONh basis, per.cUr.~ ~

view or other Seow York utility
prcpcsals a.nc:i an rtaluatlon or :.:".e
eifec:s or :raown :ecovev. .
sc:hc:nes. Orange and ltx.:a.r.~

had.pro~ ::c l"!".:OV!:' :cst :,!,,'e- .

nues through an e-.cgy <::.a.TJ!
ac:oss all C'J!aJC'\I:S, while :--';l.a~_-:'

~lohawk had ?roposeci to ~\'~

!.cst m"C'\\J2S only :rern parc.c;-ac­
iZ\g ~t:DJ:Mr .:!asses.

C IDcmdYe hopoNl
The thirc! component or :."Us ?~

po.-l requ.ift5 that an inCeI\tl\'e '
race of mum be applied ~ rate .
bueci~ anc1 OS~! ir....es:
meNS.. The inancive rn~:..a.rusr:

is clesigMd tz) rewvcl uriliries to
eifidAw:y irlvestz:nent and to ,at­
isiv several nwwnerna.i ob1e<:-. .
aves. These mclude: (1) reiac.n~

incenti..,.. mums t:D mea.su.ree. :'!

$O\UCI $ilvinp: (2) G\l:O\.U"l1~J\~

\·emumt it\ the most \o"OSt1t.~­

tive re50wce drsc (3) eytn~

n!ward. to Mi~on tiU'p:e~;



"Wt.E 1: InceNiv. ReNm Proposal
Avoided Cost mel DSM Auumptiol\l

(Thcusud 1989 OoIWs>

Nit IttIourc:t SlWlP SM.1OO
~ s.YiIlp S!J~

'~Ff'NNw1u.f.:i.1~pMnlGoft.llUlllNllion.aNi~=t~ :0: ;0
vatI. whkh~.130-~aropGqaN ~rte=1tUfw of:M N;,?'Y Clc::.Uce
bsM irlVlllCENlU:I~ lD NaW 01 \o-"..~ W~ lift &nl.1.
IftIIl" irII.aA1~ " rl?io1I.:~ r.-1Ct ior equal p1"IIlIIU Y'l!UI calC.
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S3oI6 pc ),r-V
51S6; per ':wWf
5110.so

S325 per ':wr-V
516J50

inp~ciytor the akulaaon Of
the iz\l:enCve. One inciud.e envi­
roru:ncual ettl!mllltie as a COSt and
cmedoes r¥:>t. ~lcm!Over, one l!."(­

cuCe C"J.SteC".e' :ostS as an ~o­

nomic cost or mpng the ~C::I
improvement to z:na.rket. while :he
otMr includes this o:st ~

III The Inc:mtive Propoul
in Pradice

Table 1presents background :g­
1.1t'!S for the incentive rate of :'e­

tum calculation. Tables:! and 3 il­
lustrate how the irIl:e:".tive :ate or
leNm wou.lci be applied. The ir.­
centive is based on awcoJlation
of the ciii:fe:e.'1Ce betWeen the COSt

=er kW or kWh or avoided )Ut)-. .
ply and the cost of OSM. inciuci-
iI\g both utility and customer
costs. The size of the available irl­
centive is U:Nteei by CSM 5a..ir\~
a1cW.ated IS apercenrage or
avoided cost as illust:'ateci in
Table 1. The greater the savings.
the F"1ter :he ince:u:ive :etw":\

ProjtclliCl Load. Rldudcft
AvoidIci C£pIdty Celt
Awidad Prcdw::iol\ Celli'

Total Avoided CoR

CSM R.8cNft:I COlt
TotI1CCl1t

d.uc:e~ available i.rta!ntive to 6..3
percent of the~ty reNf':'\ (f:'om
:0 percenc of the Que equity :-e­
tum) rep1"f!Hntlng 2S perter.t or
:.he !5 ~!'C!.."\c rtSOura sav"..."\~

percentage.

! . "'r'o adches the ~blems :Mer-
I 1 ent:z,. measuring C5M samgs
! ,m:i evaluati:\g CSM~ty tz:)

e:nswe ~t~m ::net Orange
ard Rcc:Xlm:i cosed dniledpro.
Er~t ard evaluat:icl\ d·

I tEia £Or each of its CSM prcpz:'lS.

'!beCoauNssicln has IDDweC ~1ag.

! ara :Vlohawk and 0rIz\p m:i R.x.k.
I ~ e:aC\ to dedner~ :ISOWa sav-

(..)~s uciliaes:or ?oor
~n:1'W\c:e:(5) l!%\ccunpng
long-term effiCenc alloc:aaon of re­
sources; (6) saas iyu'\g C"JSCOtner

JJ'\d s.-.a.re:-.oicc :nce."'e5:5; J.."\c
(:I being easily under5teod and I

iInple:nented. I
The reo:overy of an incentive ,I

rate of return should be provided I'

on investments ae:t'Ua.1ly made I

and based on mea.sured resource
savings. triggeed byI~ re-
sults in meeting reduaion tar­

~ts.:' This return would be tied
to the savings realized Fe: 't.W
and kVVh as mea.sum by I total
resource cost test:" The incentive
re~ would be calcu.Lated oy
multiplying the pert:encagt sav­
ings associated with invesling in
~1 as compared with the
avoided supply altemative. times
the base mum on equity.

for cwnple, ii an acency in­
vestment ~ one-half as cOStly as
the avoided su~lv I1temative.. ,
(:ercesenting a :v percent re-
source savings> and the utllities
base equity mum is 10 percent.
the incentive portion of the reNm

would~ 3 perCent. or 500 basil
points. The incentive :eNm

would. be appliecl to tbe me
based OSM investment CQlt. .

I

'"1""'he c:cmpany.wouId be rcAa..
~ tidi~oi thI D:Bdive IWtUm

,;mly'ii it znees Us &'q*'IlICl ZIduc-
, ticn ta1'ptL The in::enaw would
;. beredYad~forany
; shcrUa11s in~ ftlduaiol\ ..
: ~.
, UoNy 50 pecent of targeted
~l reductions were ac.iievect
:'ntW\ing that for~ equivalent
~l\V blca.. -:ott avtnp iall to:.3
~t. th" proposal would re-

'.1..



t.~.a~.• ....t ~fY -=!"""ljraoor. r.lCII..a 1:.J~~ COIe.:aN .1 lIJCO, IJ\'~
rRUft IX' row l:uI.

TABLE 2: Incmtivt Retwn Proposal
l00~ of Tarpt lltductiOftl Achieved.

($ C((J)

RMumGl\~vtltmlmt
53.619 53.1S9(wI 0 In:mt:1ve) .

M&ldmuIn Iz\a:mm RtNm 5:..J""!1 52.::1

Maxmwm·.~wable :Ratum 58J.tO 55.910

P~ B.ue R.eNm 10 1:.5

BuiI Point I.ncml:ive ~ 1.~

EttNm IX\~( LnveUNltt loU!!', ~":C7:

reduc:=n i.n metlY HVU'.!S. U:O
pI1"C1U\t or the redu.don potmc.al
is achieved.. only :v percent or :....e
~cage re.sou.rce saV'i.ngs
would be allowed as a.n Ln~Q ...e:
thus the overall renml on :ace

, base would lirep rrom 1...3 ?e!'­
cent to tU percent .wi the eqwty
ren.un would circe from:3': ~r-. .
C'!."\t to 15..2 percent. UkeW1.Se.:i

, aau.a.l savings e:~c:!'ed ~ed

savings, the ma:cimw:n ince.....c.ve
could i.nc::use.

In fa~.. :i ae:tual reduC:cr.s !,'(­

ceed target and net :esou."'t!!S sa\,­
i:\gs for the larie! YeW bLcc.~ :e­

ciuaion !.'(c:etd teo Ff."'te:'\t. :he
i.nc:encive retUrn c:luld e.'(c:~ ::c
pe."a."\t. so ~t :he eqmt:. :"!~":''":'''.

on DSM ::We5ar.e.."t c:owe. :::-.ore
than double.

Even if in~a:".ents.~~\X!:':~
~ 5aVU'\gs, ua.uces WC1.:.:.C

be graNId:tCOVe:y of ~e::' ?1'"~­

det DSM i:\ves~tS. Howe-I!:'.

if invesa:n.ents in «nqt e=C::er.c:..
a%I not made wh!:'e ':he CJt:'..::'J!'"

sicn has ideNified c:cst-e:ec....eoF'"
romuUties, utilltie cculd :a~ s=

tive rare or l"t!t'IJ,tn)co~ coCl!!:NiaJlv. .
~ by as much as !V aWlion.
or 1070 basis poi:\ts. With the 1.l'\CZn­

tive. T.n.is cranslae into a~ basis
point :rcease in the otherwise al­
lowable total rateoi:'eNm <debt
ani equity> of 10 percent.

I n all. the D5i'v[ invest/rleflt trlight
be provided a r:na.'<imum equity

mum of 23.:! pert:!nt a.rtd a tNXi­
z:nw:n overall mum of 1iS·pemm.
These ant stuMi:ngiy high levels ot
prodtability. NOIe that. although
the cotr\pany may be !llg:iD1e for the
tt'laXimw:n inc:mtive on CSM invest­
mentS. it need n.ot take it aIL particu­
larlv ;,i it :aces commcive ~CU!'M. . "'._--
to kee? ratl!5low.

Ii the company dces not :-each
its I."(pected redudon ~tS,
howwu, the inantive rate or re­
tum is c:ieaeued e.wonentia.llv as. .
UlUSU"ateQ in Table 3. Tible .. at-

NmeI that actual reductiON are
;0 pel'Cl%lt Of the fig'J:e ?rojeaecL
The awcimum equity U1centive nt­

turn would then dmp 800 buis
points (from 10'10 to 2i'O, or is per­
cent> for this~:o percent

both in absolute dolJars and as I

I percentage of net t15OW'Ce Slvings.
'The eiiea of this i.ncmcive

mecl\anism should be to chaMel
investment collan inec the most
cost~ec:i ve DSM opportunities
availabie. by ?rovidi1'g greater.in­
c:"'e.mental invesc:nenc reNrN on
the most cost-effective OSV( op­
ciON. The incentive mum would

I deaea5e as the tnarginaJ. c:OSt­
eiiectiveness of OSM dl!C"!UeS to

I the point where tnarginaJ. DSM
cost is to equal to the r:nargU\al
savings.

Prudent DSM in~tment:l. rep­
re:se."ting a good faith eifort to

ac."tieve results would be ~ov­
e."ed regudle:ss ot perior:nanc:e
but with a signifiantly red.ue:ea

I incentive if l3.rgt't lrre!s were not
achieved. The basis for determin­
ing the level of inc:entive woulci
be avoided cost estimates £or new
supply additions Utd investment
in DSM programs.16

The incentive retum incuses
the mum on the equity porTjon of
capital iZlve:stmeN. To c::a1cu1a.
the rate Of~ CIt tatIJl iZlVllt­
ment, the incentive l'INm it

.weighted·by the equity ponicm of
the rate but. Par thiI IMlvsil WI

i .asume the-=payable'rWJact
i t!w incentive would be 12.5 per­

cmt for equity_10 feCIN
ovmJL
"'T'M m.un!:cs~ It lint1 I

.1 ofTable 2 tepcewnt the
I~ n!tUm CI1 J:::S'Il in"..
i· r..'Z'\t in ratll bae(theSl6.3>.etO
I

I figuN f:oI::n Tab. t) 0WIf 1ft..

SWNd30-yar~1ife.As
an e.e seen Oft _ 1. the otN:rwiM

a.11owab~~1'ItUmof$.189
miD.ion (c:akWatlld wiJJI7ullft inc:In-

•

•

•



•EquityTow Rate Bue

c:ienc::' invest:nent at leut.
and. .the ?cssibiliry ror a re­
tum above the nor:nal re':'J.r:'.

on investment.
-Invesa:nt:\t in the :nost e..::e.:- •

ave :esoura ot'tions is .en·.
couragtei 1JP to the ?Oint
whl!:l :he :nar¢".al be.~eiit
equals c.~~ cost or
adcUtional invt5t:nent.

-The utility has the :1e:'<ibillrl- .
to balanc:e ::useeme:' and
share.~lc!e:concerns when
incorporating the im:enttve
rate of mum inee races,
whiQ Coulci putieu1arly ben­
efit uClidls amironting com·
peticive tNars.

-The :nemod is e.uily under·
stooci and cou1ci be relatively
tuity imp1emL"\tIICL

Inits 0pizU0n 5-:9, the New
York CcmnUssioft~eoJ

this pmic".w.r ina:Uive propcsal.!S
being~ fAr. the most we.Il-.ievei· •
oped" or the a1IlIm.Itive C5M~.

Return on OSM InWSl:ZNl%\t
(w10 Inc:e:naveJ 53.619 53.:59

In.c:enave R.eNm SOi9 S6i9
Allo~ie R.eNm 56":98 SJ.86a
Percentage 8&M aaNm to ... ---,
BuiJ PoiN IneeMVI 1.::.3 :'-0
R~ on OSM Investment 11.2~

.- .,~
1.'_.0

t AsIw:MI c..""C:wow"CllM~P~ liUls ~ 50~. DSivll::lSt ::o.UI-u!, ene.'T' UlC: .:1­

j'acry =so &lW.uN.C'\td :0 CliI S63.-t50 iznpiym! 1 net:"t!IQl.Il':! MVU'\P or Sot;.:oo ~r

~:""•. Inancve lWNm~~ oi l'tIClWa MVU'\P or ':~-'l~ or baM~ry :'Itt.

-The mce:ntive :etW':\ in·
auH5 as the ~e:u:age en­
ergy savinp inc::u.se. both in
absolute do1ll:s and. U I per­
centage ~r net Z'IIOW'Ct MV­

ings in the CONlL'Ct or 5harec1
savinp.

i -Good. pcicrmance :s re­
I wudeci and poor pcior-

I JN1'a peN1izecL but Ol\Cl

. ~ prw:lenc. there is
I floor uzder doWNicle risk
with recovcy at thed·

TABLE. 3: SUdizls Scal, In.cclttr, for Elficimcy mvtstmclt

--- =i ~----------------------~--_-."""",,,, "

-: \---...

!
IV': Advantages of the PropONl I TABLE 0&: Incentive Itetum Proposal

,.,.-'his approach :0 provic.iing ~- S04!'. of Target Itedue:tions Ac:hieved1

1~ear:ti.n~ 0?FOmmi~ ~s 000>
:0 ~ciit:es ''''Ould e:"lCOW'ag'!a~

:iwe deployment of:"e!lOW"l:e5 that
result in ac:ual savings. as oppos«i
to :iimpiy provi.c:llng an ince'uive ~
~ money. It would also encour·
age installation or the!1'\OSt ei1ic::ent
~pment Srst: the !owe: the COR

or the~ improvement. the
greater the ~tage dollar and.
sharing of net I"!SOUl'C! savings as
an incern:ive. Since~ tnef'.hod em­
ploys I ::etal resource cost t:I!St. it
prc<iuc!S an incentive :eNm ptO­

Ft'r:ional to the e:'(tI!nt~~\"_.

ment is economic =em I soCetal
pe:specive.

This lot'roach has several cii5-..
dnguishing dW'ac:e:'..stic:s:
-~~ith the size or the incentive

tied to the amount of 1e:ttW
. me3SW'ed resoura savings,

utilities are e..,couraged. to
m"t or e.'<Cetd :edw:tion tar­
~W overcome C"..tSu:n:ner
and other market barries to
invesc:nencs in eifid.ency. w­
ge~ could~ adjusted &N\U­

allvor established iJlitWlv.. .

"..
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t:ive proposa.Is subaUttlId. It iunhIr
noted tNt Orange and~

, had seal2d that it weuJd r\OC op?*

the proposal were irs own inCZ\Qve
proposal not adopa!'d.

The Commission went on to ae:·
knowledge that :his proposal;

provides for (1) a return on
DSM invesc:nent (deJined as
total r'!5Owce e:osts) equal to I

utility's overall authorized re­
turn; and (2) a common equity
return premium based on the
e.xte:\t to which Prop'Un re­
sults (demand or !."\!."'gj' sav­
ings) meet program tarsets es­
tablished in annual filings
submitted. to and approveci by
us. The ma.:aJ:num ~w:n.
would be earned when
adueved savings equal or 1."(­

ceoerj 100 percent of target sav­
ings. Tne premium would tail
ott ~nentially as achieved
results fell below the targtt. ...

Tn an attmlpt not to aUat>-1Nl\­
Lge~ utiIitie.theC~
has been reiudant to adept any one
panic'.1lar mantive sd\cne man
or the utWtia Inst2Id.~
propcwJs ofCOl"S:)BdaiId EdiIon.
Cent:a1 Hu.d.1cn CIScdElfl'ltric:
ard New·YarkStatl~and
e.u will be1't"t'iIwC I11d ccm­
rN!UId upc:I\bytht~
by ttwa:I oICctdw I11d pC8pI
deCdecibv~..

At some poW aitIr iftiCiIl ope-
a.ti:\~ ciata~ tNt c1tfflumt
K.~ it in, theCo~
couhi dl!dde to stan.Wdize ita a,..
pt'Oilw"\ to irn:Intive regWatioft. u
well t1S OSM ~ost ~very aNi
laic revenue l'ICt)1,'ery.

V. Conclu.sion
EJet":ric: utilities m dnc:i.ing it m­

~J.SJ.ngiy diitic:Wt to maintain e.x·
ciusive domain over c:'.JScomer
e."\ci·1JSe ?T'OdUt:: seleee.:on. due tt>
~rungproduconKo~ ,
mies. compec.tion irom seli-gener­
ation. and increased. competitive­
ness of alternative fuels. To
regain the competitive edge i1'\ a

clwtging eMr!Y marketpLla.
utilities must stri"'e to lower costs
of Mr"Jice m:l cliversify ptoe:iua
mi.~ 1M requires that thirn-

, cluc:e toCll COltS to improve com-
I . pedtiveMls. chanp pmduct mix

i to sadIf:I diffIriz\g CUItomB'sev·
I ic:I MedI. m:l redinc:t inWSa:N!ftt

! to tM melt eccnomicIJlyef!kWnt• i
1'IIOWtt optioN having tbtpt-
• eammp po~daL
,.,-.0 foscIr this~sewal
1 c:hanpJto~~

;:olidllm WIt'fIl\&2li 'T.akmII&

~~p. thlt ttuee-point
Flan outliMd here woultJ Sltisiy
tNH objL"Cive with littht or no ¥:I.

vcne 1mplCt on~ or sNore­
holden an:! =-eall! tmead tl wm·
win siwaticn fa' both c:'.15teme:"5
a.nd shmholdm.

~loreover. since ~e incer.l:v! '.S

tied to maslftd. savings inC
capped at a maximum level ,.:~.

I ties would be encouraged eo~'"

out investments whic.~, reduce
total cost or service with t.'e g::-eat­
est oppom.miry :cr NtUre eu:\­

ings, just U they would in a COt=\­

petitive a'W'ketplac:e.
~e :ne has ccme to mov! :cr·
1 ward with ~Jlatory :oe..:ct"::'

by impieme:nm\g io!ial and =r.s~
l'I!nt c:hangeslD e:'d5tir\g :atm'.a.:':"-.~

praoces so as to !."\COun~OFt:r~
levels or '.1tility irtvesmtent in :ow
et\St~. The ~:oint ,:~-,

prescued.h~ cculd provide 1

major !:npetus to utility invest·
IM:US in cost-t..~ve ~ce:\C"; :.;

prov1dingpzemungs 0ppcl"':'':''

I nmes inad1an~~::,,~.

plac:!. I

'oomotel:

1. 1ft an effort to s~u.r '.ltiUt;.'lM:'.~:~

CD t:nac\C:y 11'\ 11'\cq:attd l"ISoW't!

pl&Nl::\1o ~ew York's Pyolic~.....:;~
CCIINnw\On wc yo:cl~ :he
StaCl" lId.11ti. =0 kx:u.t on thlt rei. ::
CONC'"ll.QOI\ &l\Q OSM in J.fV'!O~\:'.~

ttllir loq-m\11 i.ntlVlttd. :'ISOI.L."':!

pIaN••~u&1 OS~( plaN wiuc:.... ':'r

.'1 l:ILil pla.nMd cper.dit'W'll. cqy 1:".";

I caplCUr COftt:ribul:iOns. In~ cmll\~ ,H
I prasrIIft ilftplementiClon fttClln:-: :c
~ f'ldu=on tars-IS ut ~~:"fI,:

lD be l1IK wid\ the COUUNJJ10n .u
WIlL
:. ~ucud.1Onler ~o. n:5. issyll'J :""
CioY'lmOr Cuomo on Otct:ftOCf :~.

1911. ecabU.htN In .nllrgy ?l&l'\:::'-:~

p1'OCI'M tor dw~ \)f J......h:~::\

I t\ SQtIW\\it in~tNtntrrr re.::.1
pLu\ 'tnll £M~' t"..u\l. 1"". t,It...·.;~·
Ordtt: lo1ir1a.cl tl\.lc tNI plan ~ .:cn
I)DlN ioinch' bY tht Stae. EMl"CV =~.. .. ..
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Leqislative Proposal for Electric Utility
Financial Incentive and Rate Desiqn Restructurinq

No electric utility servinq more than 50 -meters in the state of
Minnesota shall be allowed-to apply for a rate increase, construction
permit, certificate ot site compatibility, installation permit, or
facility permit modification unless the applicant utility operates
with a rate desiqn containinq tinancial incentives that reward
etticient, rather than increasinq consumption ot electricity.

To quality for the above applications, the followinq financial
incentive characteristics must be contained in the applicant utility's
rate desiqn:

"

1. Utility earninqs are tied to conservation, rather than enerqy
sales.

• 2. The utility will not increase earninqs by sellinq more
electricity.

J. Utility earninqs must improve, rather than decrease, as the cost­
ettectiveness ot the utility conservation investment improves.

4. The pertGrmance, rather than the aaount, ot conservation
expenditure. is rewarded.

5. Market torce. and entrepeneurial initiative, rather than proqraa­
by-proqraa regulation, drive the utility's conservation_ettort •

•
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Are Radiation-Induced Effects· Hormetic?

SHELDON WOLFF

The anginal 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

wu toxic at high Icvcls. In rcccnt times, howC\'er, the word has been
resurrected and the definitIon has been modified to refer not onl\' to
a stimulatory effect but also to a beneficial effect. In other wo~ds,
hormesls now connotes a value judgment whereby a low dote of a
noXJous substance is supposcdl\' good.

Although one cannot deny that hormetic df'ectS can cxcur with
pharmacological agents, the 'situatlon is much less dear with ioniz·
ing radiations, which produce random lesions within cells. The
amount nf eocrJY depoSIted by low doses of radiation is just tOO
small to bring about the physiological eff'ectS that could lead to
stimulation. The reason for this, of course:. is that Avogadro's
numbcr is so large that, even though the molar concentration of,
··v, an enzyme in a ceU is small, the ceU still will have a very large

.,nbcr of identical molccu1es ncc~' to any OUt ia proper
..ubolic function. which thus wiU not be alfcacd bv the destruc·

tlon of a small pen::entage of the molCC'UJcs. ~ucndy, to
account for the eff'ccu of low·level radiation, it has been necessary to
look for a system within the ceU that not only is scnaitive to
radiation. but a.Iso is capable of magnifying an indi\iduallcsion 10

that it can have a physiological elect. The pnctic apparanas., the
genes and chl'Ol'nOlOlnCS in the nucleus, rcpracna just such a rarp
for radiation. Radiation' an induce rnutaDona, occuionI1ly by
inducing some random base c:hanp. but mainly by brakins
chromosomes., which chen can resu.1t in the bt'oi.cn picca bcinJ
deleted or rearranged. ancf thae cfcca caD have a proband
influence on the ceU. .

The usual apcrimcnt on chc 1cncDc: cfcca of ionizins radiaDona,
however, has shown that me~ inducecl. rad'Icr man bcinI
hormeric wnh a bcndcia1 cf'ca. an: ddca:riaua (I). This hal been
shown in innumerable.apcrimcms in mutIDan iD wtUc:h it hal been
IUund that nd.iation·induced nwtIIionI cbcmIdva, unlike spoma­
OCOlq ones, an:. indeed. UIUI1Jy dcJaaioua. 1bIz dUa should be 10 iI
not surprising, in that alllivini orpnimII an: me rau1t of CIDftI of
evolution in which d1cy have been Ideaed CD 6t chcir proper
ecological niches. Any random muwional cNnp chen would be
~Ipcmd to chanp dUa fine balance and dccn:ue fimea. With
ionizing radiaaon. in which molt of me induced mualionl arc
deletions. au. it even more Iibty.

The question of hocmaia alter IOmIIic imdiacion iI CYal maR

problcmalica1, in that me cIcIacriouI cICca of nctiaDoa would be
iiI..'tcrcnt in each ceO and, 1OmChow, in me at.ncc oflUOftl
• :ction (these an: low doIa after aU) me d'ccu wouJd have to be

Tllc author It pnlf_ 0(~ and diteca ofdw l...aboraor\' 0( J-Iil' .,.,
and Em&n'lnlnlftQl HnId\,u~ 0( CIIifafNa • SIn FI'IIICIICo. SIn n--.
<.:A 94l4Jo01SO.

II AUGUsr 1919

translated into a rrptdldblt bcndkial eff'ect for the whole organism.
The field of hormesis is replete with sporadic reports of unrepeat­

able beneficial eff'eca being brought about by irradiation. Perhaps
the greatest profi.Jsion ofthcsc reports came out of the Soviet UnIon
In the late 1940s to early 19505, in the era of LysenJto. dunng which
thcre was a severe repression of modem Mendelian geneocs. For
reasons of polincal ideology whereby the state could change the
enVironment and thus ameliorate man's (and other or~anisms')

condition. the whole basis of modem genetics was suppressed.
During that moc. numerous reportS appeared in which plants
changed morphology, matured faster, grew bigger. and so on, If
they had been imdiated. UnfortWUtely, when these expenments
were repeated with proper scientific conuols outside of the Lysen·
kOlSt sphere. the resula were. not tO~d to be reprodUCIble in any
systematic way (2).

Although these theoretical and obscl"\'ational reasons speak
against any hormetic df'cas of Iow·level radiation, recent e:cpen­
mena ratsc some questions regarding the possibility that. under
some conditions at least, repeatable cfccu might be found. Among
these is the obJer\'ation that under J"""I selective pressure. bactena
appear to respond to a change in their environment with the
produaion of new muulions rclmd to the change (J). This observa·
aon. which on the surface smadr.s of Laman:k.ism, might ha\'C a more
con\'entional interpretation that in\'Olvcs a general mor·prone
DNA repair with a concomitant selcaion ofonly those mutana that
are cap*ttlc of coping ..'ith the selcctive environment (4).

The other apcrimcna CONiit of the repeatable adapuaon of
human lymphocyRs (.5-10) and V79 Chinese hamster cells (11) to
low·level radiations &em tritiated thymidine or l·raY', which then
maitcs the cells leu NtCcpablc: to the induction of chromOsumal
damage by subsequent high doles ofJ·nys. This phenomenon' lam
for up to three ccD cydcs alter the cells have bc:cn pctuposcd to
doses of as little as one·half nd (0.5 cOy). The respoNC is induced
by radiation and·ocher agcnrs. such as alkyIaang agcna, bleomycin,
or oxidative radicals, mat produce bRW in DNA. and is negated by
the inhibition ofpoly(ADl'.ribolyl)aaon, which it:sctris induced by
DNA bn:ab. This adaptive responIC hat been attributed to the
induction ofahitherto unknown chromaeomaJ break repair mecha·
nism mat., ifin place when the ccUs an: subecquend)' cxpc:lIcd to high
doses of J'ldiaaon. can repair much of the initial darnaF and leave
me ccl1I with only approximately one·half as much c:ymgcnetic
damage as expcaed. The response has a.Iso been found to tLIte 4 to 6
hours alter the prcapoaure to bccDmc twly operational. and it can
be inhibited by the protdn synthaU inhibitor.~ if it is
present for this ... to 6-hour period. Presumably. the enzymes
neccswv for the repair an: being synthesized at this time and.
indeed. two-dimensional gel analysis of proccin ClU'ICD &em Iym'

(C~.~u"
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On Radiation, Paradigms, and Hormesis

LEONARD A. SAGAN

•

T hrec lines of inquiry have recently raised the surpriJing
possibility that very low doses of ionizing radiation may not
be harmful after aU or may COo'en have net bencnts. a

phenomenon known as hormesis, Many sNdies (but not all) show
that laboratory animals nroscd to luw doses of radiation outlil.'e
unexposed animals (1), How ':Cluld this happen1 DNA damage
occurs commonly as a result of normal metabolic processes as well as
from exposure to en\1rOnmental mutagens, Whether the outcome is
harmful depends on the dynamic balance between damage and
reralr proc.esscs. A net benefit can result when protecti\'e responses
to luw·srade exposure more than compensate for the harmfuJ efccu
of the radiation. For example. a ",ajor cause of radiation injury at
lugh duses is thuught to result from the production of free radicab.
Fctnendegen tt ,,1, have sho"'", that free radical scl\'engm increase
.1fter luw·dose radiation. possibly to a grcatet extent than that
necessary to neutralize the radicals produced ~. the radiation (1),

nus increased produc:tion ofsca\'c:ngen might increase c:ell defenses
.l~a,"st free radicals that result from exposure to other environmen·
toll mutolgens or those produced by normal oxidative mcubolism.

In other work. Wolf and c:olleagues ha\'e found evidcncc that
DNA repair may be enhanced b\' low doses of radiation (J). This
\U~gests another means of protection. namc~·. that radiation·

.C:~POscU DNA ma~' be more readily repaired after subsequent n·
pusures to mut~cns, One sNdy demonstrates that cnIw1ced DNA
rcpa,r exists In worken occupatIOnally npolCd to radiation (4).

Third. radiation·induced cell death stimulates ceU rcprod~ U

01 homeostatic mechanism that maintains ccU companmcm size.
:\ccurdingly. Kondo hu sugested anochcr poIIiblc raponac to
low·level stimulation. namely. dut Immw.c ccU praduaion may be
:::h:r..:ed by low·dose r:adiatinn (,') E\'idcncc for incraIcd numbers
of I~mphocytcs in IaboratoC')' animals after apoIW'C to Iow-dolc

. radiation has been praa:lted by sc:vcraI invadpcon (6-1). Whether

. this immune enhancement raula from direa cI'cas on Iympha1:ic
tissues or through stimulation ofccmra1 ncurocndocrinc rqulatory
mcchanisms dc::scn"CS invaciption.

EpidcmioiogicaJ stUdies of human populations apoecd to rcIa·
ti\'ely low doses of ionizinc ndWion have noc Ihown the ailraa
or absence of Iow-dolc cfccD. for cump&c. the INdies of populi­
nons Ii\inl in areas of high rwunJ backpound radWion have noc
shown any incrcue in advcnc health cfcca (9). In me abeencc oC
obscrvab6c etrcca. it hal l1CYCfthc1aI been usumcd chat 1ow.1c¥d
exposures produce the same Iwmfu1 d'ca:I u me- seen It hip
levels of exposure. but with ~'er ircqucncy. This usurnpcion has
become the acecpud radiation paradigm. justified on me buis of
prudence. and on certain laboratory observations of mualcnic
efcca of tonizinJ radiation at rclati\'Cly low doses. 8cJinnin1 in me

19505, fear of genetIC efccu, together with the associated "urget
theorY" of radiation injurv. havc continued to dominate radioltlon
protc«ion thinking. As ~ result. substantial efons are made to
reduc:e or avoid small exposures, even exceedingly small exposures,
to workcn and membcn of the public,

tn more re.:ent yea". accumulated cxJK'MC1"Ce has tended to
reduc:e fean of the mutagenic: clf'eC'CS of low·dose Ionizing radIatIon
Oltect obscrvations of mutagenesis in human populations ha\e
she\\'" humans to be one·fourth as scnsiti\'C as expected from
pm'jow Indirect estimates based on rodent sNdies, Furthermore.
although some findings arc suggestive. genetic sNdies of sUl"\'l\'on
of the atomic bombings have failed to produce statistICally Slgnl';'

,ant findings (10), Finally. while radiation damasc to DNA was
once thought to be imparablc, and radiation uniquely dangerous•
we now know such damage from a great vari~ of agents to ~
common, We also now recognize the remarkable dicacy of os.".
repair mechanisms (I I). Because of these protcetivc mcd1anlSms.
DNA appcan not to be fragile. but highly resilient.

An a1tcmati\'C model in which Iow·level rl4iation as'not harmful.
but could under ccnain circ:unuranccs produce net benefits. IS

plausible, The stimulatory cfcct of low dOles of a wide \'anet\· ot'
chemical agena on the growth of orpnilms had been noted tw
HulO Amdt and Rudolph Schultz. Getman biololisa. in the 19th
cenrury. They considered the phenomenon to be unlVenaJ.•\lore
recentlY. these earlier observations have been extended to include
i.ncr'cWd Ionpity of animals exposed to low doses of agents tO~IC:
at hip doIcs (12). In 19<tO. the rcnn '"hormcsil" wu coined .to
~be this ltimulaton' efcct. In 1919. Lucke. coUected some
1200 references suppoftin, die aiRencc of horn1eac clf'cas &om

.exposure to low doses of radiation (IJ). Much of this Iircnrure was
l'C\icwcd at a confcrcncc held an 0akJaIW. Uiiiomia, in Au~t ui'
1915 (14). The procecd.inp of'a teeand recent canferenc:e on low·
dose I'Idiation and me iIrrnuM 1)'RCm arc abo milablc (IS') • •40t
ncithc:r of r:hac mminp WIt a consensus rached reprdin, the
csistcnCZ of honncric etreea; howc\Ier, Ihm docs appear to be a
rnovcmcnt away from an~ of sencn11kcpc:ic:Um to one of ol
new wilIinpc:uto c:ontidcr me cYidcnce.

Although it may be~ to reWe public health poI~. on
the bail of me ncwa' obIeMtionI cited~ it would tcm1

pNdcN chat me ICicmi6c communicy fftUminc the 'pandi"",
Failure to cwnine a Itirnu1atory rapoclllC to Iow-dole radiauun
could mult in neglect ofimponant~ and pouibly clinacl.ll\'
imponant infomwion rcgudi"l immune function.

FinaUv. Nrthcr raearch to raoIvc uncmaimy about the health
efcca Or Iow·dose radiation would provide impn:wcd JWdance for
rublic hcalch roIte.v on very Iow-dolc radiation. This is cspcc:laU\'
imponant when. for c:Umplc. limaUy tenS of biWons of doUan m
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..... ~J>-,..4":'.,----bel'" 1OU8hl ~ one federal procram M:lnc for the purp:* of
reduCln. ClrosUrc CO low le\·cl.a of radi.Ition and chcmical walles onehe bulS 0( br~dy hy~iaJ hcalm nsU (16).
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bein~ the induced enzymes nccdcd (OC' the repair 0( the ~'togcncuc

cUmaJc.
NC'·cnhclc:ss. the (act that a pcoccin (mzymcl·in\"Oh-cd in rcrllr

can be induced bv \"Cn' \ow doses 0( radiation docs noc nc'\:nufll"
",can th~t these doses '.are in and ohhcmsclvcs .JOOd" OC' hom\Ctl\':

Sc\'cl'2l new proccins were found co !\ave been tnduc:C\J. "'hlch
inJicaecs we chc meubolism 0( chc: cclls Iud bcm~c~. $om( 01
ehese profeim mighe ha\'c a IT'I(tabolic efc:et of thor 0'&'T1. and cou"'l
possibly lead to a c»cadc ef'c:et ..ixrcbr lubscqUCN meubollc step1
unrelatC\J to the induced repair ,,'OUJd be a11m:d.. To wI thIS
beneficial ,,'OUki be !'fcmaNf'C'. 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 elTort to control those cancer-c:ausing 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?

By EDWARD EDELSON

•

chemical indult" wu spewinl out.
vut variety 0( .... compoundl. molt
oI.hich. becaUit 0( time and mOMJ,
had not been tested rorcarcinopnicity.
To do auch • test. you UIlId l.bontorJ
animaI.-a hunchd or.. rata or miCll,
who wen red the muimum .mount· So the EPA delayed a _ilion. AI.r
oIa chemical that the, could tolente ' .... il effectively off &he market.
without pttinl9try lick or dyinl. Ar- And ~I.matetl. the artificiallWftt.
...... year or mot"e 0( reedin" camn- enera banned two cIecacIes '10. milht
OItfticitY"lll.IUIe'SlI.edbycleterminin, be beck on'the Ihelwa lOOn because
how m.ny 0( the .nim.1a had devel- the FDA thinb the -'linal .nimal
oped cancen. .... didn't PI"lM w"-t &hey wen au,.Ali_ (nm Ute henilh '11"".•ni- paaed to.
..........ren·t ....,.. •.., to evalu- on.. better teat Ina AIMI decided
.... The...•••1..", • Cfitain IUIltural ta invent i.t bued Oft • baliof' that can­
ratt ofturnor OCCUI'T'lftC!l,.nd piddnl ..can beupl.ined inlltni,htlorward
• CIIftClI1'oCaUline sllMl out of the bio- chemical ttrma-the biochemistry or
IoIieaI noiae ian'& al..,. na;. A.... chan,. in DNA. the molecule that car­
c:etcue 011'.,.. vivid i1IU1tration. The riM pnetic in(ormatioL
biI dither lut ,.., about AI.r•• chem- Hum.n DNA it • lone strine 0( •
iallpoowen apra,..t Oft ."Iea to .... molecule that contailla the code ror
tard ripenin" oa:umd becaUM the SO.OOOto lOO.OOOp.....chofwhich
EPI:. npert panel 0(ICientiatl couldn't P"IrnI production 0(aD _ntiat pro­
rnake .1'. out 0( the .nimal atudiel tein. Ames'llW'tifti paim wu the Joe.
that indicate Alar ... carcinopnic. ical lupposition th.t cancer occun

POPULAR'CltNCt 't..UARV 'I" .1 .,

B
ruce Ames is eatinlf an or·
In,e. methodically chew.
inl{ the slicel in the hope it
will help ficht hi' eold. lie
lookll at it Ind MyS reAec·
tively, "O·\imonene. That',

the main ingredient in citrus oil: it
get! into all the oranee juice. It's a
carcinogen." He eat! another slice.
"People don't want to eome to grips
with I world that is full ftf carcino­
Rens. I'm goin, to rub their noses in
It,"

The scene is Ames's home in Berke­
ley. I few blockt from the University
or Califomia campus where he il chair·
man of the biochemistry department.
Il'l u placid a CaliComi. u .nyon.
eould want on a sunny Iprinl d.y.

But from BNClt A".'I point 0( view,
ifs a acene of unremiUinl chemical
warfare. no leu violent becaUM it's
nature's own. From the oranle in hi.
hand tn the plant.a in hil .arden to
the produce in the health ltore • few
hlncks aWlY, Am'l ... a plethon or

~ the reali, Iood people in carcinopne­
sis. they're very ••". o( .h.t he'.
sayinl: sa,. M.rvin Le,ator 0( the
Unive";it, or Tuu at a.lveston. "1
don't think you'd ftncl .nyone who'd
qfte .ith him."

But Robert M. Hollincworth. who
heads the pefticide ....rch Center
at Michipn State Uni..nity. aaya. '1b
fIlOmeone wiU. .n .. mind" Bruce
Ames·••tyumenta ..... auppor't.· And
Clark H••th••n epidelmolOliat at the
American C.ncer Socift,...,.. ...,
lenenl r..linl it ra~ lib hia.-
• Beron he pt inwlwd with the chem­

iatry ofcancer. AIMI" C8....' rollowed
theconwntionall"DUttfllmany a briIh&
New Yorker: the Brons Hilh School of
Science. Cornell Uniwnit,. California
Institute or TechnoloD the National
Inltitutel or Health. the Univeraity of
CaUromi. at Berkeley. '"And LIMn: he
sa)'l wryly. -.t 101M point I belan rad­
in, too m.ny labela on pacbta 0( p0­
tato chipa."

Like everyone el•• Ames knew the

clncer-elullin. chemicalll so ,danlfer.
ous that Ilmolllt anythinl( humans
add tn the witchf'll' brew'illl trivial by
compariaon.

Ames halll been prelchin. thilll lOA·
pel for seveI'll Y"~ in scientific jour.
nals Ind public forums. arguin, from
chemical principles that most of the
billionfll beinl{ l'pent tn control indus­
trial pollution Ind keoep'pesticides out
of the diet are ".lItH IS far a. can·
cer prevention IS concerned. Ames
makes a few exceptU)ftS, nntably ciga·
rette smokin, and Mme kinds of OCt
cupational exposure, But otherwise he
thinkt pollution prevention money is
beinl misspent t.:aUllt reeulators and
environmental zealota are ilnorinl
the re.lities 0( nature's chemiltry. And
he thinka that the animal tellta UIIM
to predict. chemical'l c.rcinogenic
potential in hurna'" are juat about
worthlese.

It·s. c:nntroYe,.,.ial prlfIition-ali the
more eontroverslal hecauae nftt much
mon than • decade a.o Amel wu

pruchin, just the oppo.ite in equ.lly
'ervent terma. Renowned u the invent
tor nr the A~ tell. a quick .nd CheAP
way tn identiry industrial carcinogens,
Am" he••n al • cruuder .pinlt the
dan.ers of fond .dditives .nd other
man·made chemicals. When 1 inter·
yiewed him on the Berkeley c.mpus
in the 19705.• can of diet soda was
tacked to the wan in his office to dis·
pl.y ita 10nR list of incredient!, Now
the m.n who questioned luch chemi·
cala .s cyd.m.tes looks .skance at
onngel! .nd celery. In scientific terms.
hi' eonversion il aa radical u the ev·
olution of a younr Communiat to •
middle.aled reaction."..

A load ofDPftleftM1

His critiCll say Am.. now is talkin.
ujust • load of nonseMi. ror a v.raety
of re.soM" in the wonb or S.muel
Epstein•• University 0( lIIinni. reo
..reher who c1eli,hta in contr.stin,
what Ames M)'I now with .hat he said
in the 19701. -., you talk to most of)

•
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when one or tho~ .ent'~ I~ c:han«ed by
a c:hemlcal muUtlon. !Itl thAt It !IIt..tru
turnln~ out an abnormal protein. Put·
ltn~ it formally. a carcln0lten would
also be a mutagen.

Mutated bacteria
"In the lab we were mutatinlt bacte·

rIa all the time. chan~inll:genes: Ames
!'!'CRlls. "So I thou~ht mAybe ~ a hobby
I'd !ltRrt u:'\lng our bactertal sy!ltem to
detect mutageM."

Amell ulled a bacterIum that was de·
IIberately mutated so it needed In
amIno aCid called tUlItidine to lIUrVIYt'.
I Normal bacterin can make theIr own
hilltidine; Ameli'S mutated versIon
couldn'U The Ames test ill brilliantly
!'Iimple in concept: Grow mutated bac·
terla in a dish. feedinlt them just
enough histidine for survival. Add I

sU!lpected chemical to the dish, If it's
a mutagen. some of the bacterIa thAt
mutate will regain the ability to make
histidine be<:au~ the abnormal gene
/lets chanRed back to normal. Those
bacteria will gTow like cra7.Y. creating
large colonies on the ditlh .•Just count
thf' colonies. and you can meallure
whether the chemical is a mut..tgen.
and hence a carcinotten.

Ames !ltarted workin,{ on the tt'!lt in
the 1960s. It took him llhout a decade
to develop it to the stal(e that a labo­
ratorv techniCIan could do it in a mat.
ter o'f days. The chen.ical industry
llTabhed lit the Amelll est. deli.htH
that It could al\Sellla ch 'mlcal in a few
dAY~ rnth.r thAn "Pf'ndlnl .. year and
a million dolIa I'll. Am4" didn't make
An)' mon.y from hi" inYlntion becAUlW
.,., didn't pAtent it-hioc~emil'tllwereft't
I'll money· minded a few yeaM' a.o a
they Are now-hUt' he did pick up a
!lhelfofaward~and a mnj ,r reputation.
Amu and others publilllhed Iota of
!ICientiftc papers showlnlf that a hi'"

. percentalle of industrial chemical.
were mutagens. lll.n of a dan.,rout
man ·made "'Orld.

Then came a dilturbin. dilCOftI"J.
TAkat'hi Sugamura. head 0( Japan'l
National.Cancer blItitute..... watch­
inK hill wife cook fiah on II charcoal
broi ler one day .hen he ( eeid" to
teliIt the campou'" formed u the fish
tumed brown. The JtufT he ,craped 0«
the surface or the filIh WIUI m t«nificlni.
Iy mutagenic in the ArM!' test. Sup.
mura put lOme llCienti"tA tt, work ...
latinc more compounds from cooked
fish. They were mutafCenic too.

"So that meant .henewr you cook
ynur food you make mutagens; ..,.
Am". "Inret~that makes aenIt
becnu~you feet a mixture n( thouNndI
and thoul'8nds ofcompou~WMn 10U
conk food. Think ofall the black mate­
ri,,1 in a cup of colT..: if" full of muta­
.enll. SUfCamura showed there are a

cnuple or mUUlIP"" in COfTH that a~
all't'l carelnOlen!l Other peoople ahOYit'd
lhat the nutl'UH .If your nIce French
bread. all thnt hrnwn cnlor, ill full or
mUl.alfen". ~Jllt' tt'lltinlf planl prod·
uct.!'l "'ere findlftf all kinds of mut..t·
nn" N\ m~ th,nk,nlf ~tnrtl"rl to chnnae
• hIt tM!ocllU!le we ....t're Ilettinll • difTer·
enl pIcture of t~ liII·nrld."

"Chanlle II bll: III an understated
way of de!'lCriblnl! liII'hat lxocame a rev·
olu·tion. After 1\11. this wa!\ the BruC't'
Ames who hAd once propollt'd thal
there ....'a" no SAfety lhreshold for In·
dustrial chemical!'.

"
are doing

an eighty-

billion-dollar.. ------------
pollution

experiment

with no

controls"

In 191\ AIMS wrole a "Cientitic ~.
pc!r .yinIE "nne mnleeule of a muta­
pn il enoullrh lit QUJIe a mutation."
In 1912 he _tedtril. a chemical beine
UMd to mab children'" pajama flame­
reli"tant, fnund it to·be muta,enic.
and mrted a hulabaloo that had tn.
banned. Around the same lime he ran
lOme hair dyes throuj(h the Ames test.
'I1My ftunked. and manufacture... refOf­

mulated their pntducts to take out the
cuilty dyel. A. late a. 1977, Ames
wu writinR that ethylene dihromide
tEDBt. ulWd to fumi."te fruit. should
be banned McAWIe of its chemical re­
~mhlAnce to tnI'.

But in 19R:l. Ame" puhli"ht'd lhe

fil'llt or what's turned into a Ion. w.
rlU or SCIentific: pa~rs emphalllzlnll(
lhe danlers 0( nalunl carc:ino~n"and
ahl'OlvlnC Industrial chemlcall from
blame for increued cancer rates In·
deed, he wro~ in one JOumlll. "theft'
ill no Irnod evidence thl'lt there i!'l /lnv
incren!le in cancer due to the modem
industrial world.~

'BehInd thIS drastic turnabout III •

~autifully Interlockln~ theory that
Ames !lay!\ ht' was led to by the hl\rd
biochemical facts of the ~al world

First, lhere's a lot of nl'lsty stuff In
nature. "There's a war betw~n planl!l
lind anlmals,~ sayl Ames. "Plant pe0­

ple knew that planta were full of tox.
inll to kill ofT inseet.s. A plant doe!ln't
have teeth, it doesn't haw claws. It can't
run away. it doesn't have an immune
lIYlItem. So all plant evolution is chem·
ical \ilirarfare, Plants are much better
chemlstll than Dow or Monsanto.
They'~ been at it a long time, !lO ev·
ery p;ant has thirty or forty of these
chemicals that ~nd to be preMOnt In
pa rts per thous.and or parts per
million,"
. Sec,nd, the resultin~DNA mutation

rates n the animals that eat the plants
are er ormoul. Why. then, aren't we all
10Adefi with tumors?

The anlwer, Ames sayl, is that anI'
mal cells have de¥eloped their own de·
fenMs. One il to repair D~A like mAd
Anotht r il to It't nd of damaged cells
as fast all possible. wrhe whole linlnl(
rtfyour iilrfttive system is thrown away
every d .y," 1&15 AIMI. wrhe sunace or
ynur m.Juth, the surface of your eMph­
IIIUII. f he sunace 01' your stomach, co·
Inn, in "liM You have these Item cellfl
down .he~. the,re dividing. and the
lIuna' e cells set sloulhed ofT.-

Hn\i lnu,h is Bruce Ames's world? ""
Well. for "taNRI. he sees no dilTerence
betWMn ptllnca~ or radiation and
breathine. "I've been thinklnl of oxy­
«en all the critical thine becaUN OXY'
«en ." the electron recepWr that «en·
.r"tel' enero. To pnerate enero In
the cell you have to add four electronll
to oey..n to make .atet'. You're pull. i
in, electrons oat 0( lucan. and you I
haJe tn put the. IOmewhere. 10 you ;
pt.t them in oxypa. \

DanleroUt brnthln, >~
""'at'll a trick, proc:esa. Ir you add

electronll one ala time,you're in trou·
ble because 10U make lupc!roaide. hy­
dropn peroxide. and hydroxyl radical•. I
They're all mut.qenl. They're danj(er·
ou•. Radiation is a mutagen becaUM

it splita water Ind produces thfte MmeJ
thinI'. So in fld. livinc is the ume
as gettin« ndiatacl...

That conclusitm lead. sequentially
in Amelll's opinion about animal can·
C"C!r tel'u., which is Iow-apin. he !IIIyt,
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beeaaue of the buk: chemical princi- hu. HERP ..Iue Of'del"8elmapitude .. mi.lrplMed priariu.: "'N _inc
pl•. One 0{ hie eriucmn. ie that the .... than lew carcinopns in an equal an eilht,-bimon~ol1arn,eriment
MTD. muiJnum tolerated ... ia U88d wlume elcola. beer. or wi.... Ia. HERP with no amtrola. ZiPtJ biDioft .. what
in LhoM testa. -The MTD hu bothered ..lue ia at. m~h 10weT than ...the we IpInd • ,..,. 1ft pollutiMl COftu,H.
tollicolOl"i.u for ,...m.· he ..,... ·AlI awrace ...nut butter ..ndwich.· But the t.otalarnount O{'--'c ",""~h·
their trainin, ia that ewt')'thin, i. a Follow hit reaeoninl( Oft Alar. Am. in the United au.. i. on'" 8.8 billion •poieon. E".ry chemical ia tollic at eoIM calculatea I liretinte HERP of 0.0017 ~1IlU'LThe .irntJ-bimon~lar •.,.
doee. A certain amount of .spirin will percent from AI.r for .nyone who Intent hUN our annpetihne.-. it'.
kill you. and I certain amount i••11 drinu iiI ounces of .pple juice every done inefficiently. it'. maW, told on I
ri,ht." d.y. ",",it pouible hazard it leu th.n he.lth baia••nd I don't dUnk any 0(

But hi. major entici.m i. th.t .ni- (rom the natuml carcinopnic hydra· that illOinc to be ripL-
mal tela. .re done .lmOit eacluaiwl, zin. CIOnIWTled in one dai'" mua,hroom Amn'. numerout crit.iea point out
for .ynthetic chemical•• not the natu· fHERP-O.l pen:entl or that from afta· that m~h pollution conhl apendinc
,..1 .tufT found in natwoo.. About h.lf to.in .in a dlily pelnut buttM ·..nd· -on ecid rain. felt' .ump-"-hu noth.
the .ynthetic chemical. tested in .ni· w1chIHERP-O.03 pereentL-"Y' Ames. in, to do with cancer pnrt'I'ntion. And
mal. h.". bMn found to be carcino- In Iddition. Ipplea th.t ....n·rtre.ted they liw him. v1lOroUilflUlMnt on
lena. Amea's m.jor effort of the 19801 with Alar 1ft mote .uaceptible to mold hit cancer calcul.tionl.
hu been to show th.t theM res'll... formation. he saY'. "I'd r.ther take my "Some ncent studi. indicate th.t
aren't •••Iarmin, u they eeem be- ch.nces with AI.r th.n all the mold our eztnpolationl· made &om animal
caute n.tun i. jult u malevolent. earcinocena." testa are not coft8el'Vati"., but, it any·

One thine he did wu ..t up a com·
Natural POWo~'

thin" .re not lItrincent naGp," say.
puterized dlta ba.. of .nimal cancer M.rvin Leptor of the UDiwmt, or
testa. with 1000mment finanein,. He Ames hu a few f.write Itoriet .bout Tetu. "And if you take iDto account
.nd Loi. Gold. one of his colle.ruea, nature's natuml poisons. One concema that molt of our chemicall haYe not
h.". .bout 4.000 tnta in the d.ta bate. the ruh fliterallyl ofcompl.intl .bout bMn evaluated. what'. happened in the
They can '* it not only to tell whe~ dermatitis rrom .upermarilet worken past fiw or .i. yean wheD ..... found
• chemical t.eIted politi". for carci~ who were h.ndlin, • new v.riet)' of I number of potmt carciDDpna ia in-
nicity but a1Io to meuW"e ita virulence. inaeet·...iJt.ant celery intraduced to,.. credible. Am.'. p.....nt ..ition. it

CalcuJatiDl danler duce the \&Ie 0( pesticides. Testa .hcJwM ju.t cIoean't mab MMe."
the celery foulht ofT inleda beeaute it But CI.rk Heath 0( the American

And from that value com. Am..·• had 9.000 paN per billion.paora lena. C.ncer Societ)' bu,. • lot.I the Am.
"daily Hum.n Expotlwoo. doaeIRodent natural pesticidea that .....110 carein· .rrument. "If you compen anima! ..
Polenc:y dc..- abbreYiated HERP. It'. ocena. In Ames's book. that'•• net in· sa, rwulta on INIn·m" chemical..
hit w.y of computin. chemical d.n- ere.. in human et.,.u... to carcino- you can't help but feel &.hat man·made
ren. He tabe the estimated daily doee .ena iD the name of enyironmental thin...... on the minor..com.-nd
or. chemical that will cauae cancer in purity. with thin,. in the diet in temul of con· •one-h.If0( • l"'Oup of tnt .nim.lJ. H. Am. can land doea' p on end on centration .nd .mouDt.,- .....,..~
co~that with the eltimated daily .bout c:an:inottnl in pure food. Shrimp co~m th.t .riaet ti...nd .pin
dOle that humana ret or .Ii".n chem- contain fonnaldehyd•. Bail containa .bout the~ 0( IIUUl4ade chem-
ical. 'n\e r.ult ia a percenta.. that ....... Applejuicecontainal25 .1- ical......m out oIpr'011Oftion to the
It". the cardnOieftlc dan..r of the .tlle eompounda. FIve tI them have actual huarda u JudcelI by .nllMl
chemical. been IeIt.td. .nd three ....carcinopna. .1lparimenta." . •

Some otthe HERP ntilnben .... ....,. "..chemical that mea. ..UItard pun- "A 10& • to1licolotiaa WDUId &cr-
tlin•. So ia the .a, in .hich Am.. · pnt iI a c:amnoptL in bnM, pneraJ "'l11li .....t we cIiI-
UJeI the•. For .zample. thert', hia AbandoD hopt1 No. then'l plent, 01 ~teI)' ..-nd our time tookinc
reuonin••bout trichlonethyle.... the n.-Ior hope. if we et.c.e the rich& at. amaJl percentap 01 the ehelllicall
~wnt that'. cauaed major .Ianna'" tarpU.. AmelIaJI. An eample ioI hiol in theWIUIIPI~-.,. Mil:IUpn State
cane it', ben found in ..Ila in Cali· appn.dl to .u.,lene dibnmide. H. Uniwnity'. Roben HoIliIIpoI1h.
fomi.', SiliCDD v.n., .Dd Woburn, teIIti.... in Calilomi. that i... incl... •

.Ne~""M... W.lla ha.. bien clC*d; lUi. trial _ thou.. be baftDld becaua
haw been IlecL wrUn WII"t pUiq .aa..zpon.... And lor IOIMOM who _ • cerci.

"Wobun.:..that .ater .u ..f., .".. worbn bnathe in 20.000 litan apn aDder ....., a.t, A.- iI una·
thaD ordinar, tap ....... ..,. Am-. 01 air • ., but 10U onl)' *ink one Ii- inety hopeful .boat .....an, canan'
'"M.t tap ....r ill the United Sta. ter tI water • cIa1." he apl.ina. -., nt-. We'.. lOt to ClODCI......te on nat.-
ia.icht,~ paN biI1iaD in chIoo the...', .... pan per !Dillion in the u~ ahinp b)ec:a- the l&udiel that
rolorm. that ClDIDaI~ ehloriDat.ioe. we. and ....=' aimon in &he c:ompaftcancer ntel indi&nDt.....
TrichloroethJ.... II ten ti_....... • thet'•• 20. d....NlI.I:DI trial mdiata tha& Iimp6I ...... ill
.a • careinopa. Trichloroeth,I... ..... Wrt aJloftd to lit half &.he diet .... IlYinc laabiu-anauminl
replaOld ftanunab...Iwnu. We caD't • ....... that ... I'iYiDI half &he more &ber, for uamp" ...Mv.IDI-
10 back to cleanial our cloth. iD aiel ad nta CUCII'. I tll&iW it ... jot e&cta. he ..,..
ftammable aoIftIlta. outrllpa1al,and CaJifomia""'''' the WMa he pta CIIDClII' .. fJl the .~

'"What," ,.,. for alDCldtm tachno- u,.anlilllit a hundndlold after .., AJMI WDUId lib ... tac:Ide die bioc:he.
Iotical aocietJ ill J'OU pt a 1iUJ. tri- ........ ., tI qi",. A lot 01 nat happens
chloroethyleM ill 7OW' ........ You caD "But the EPA out1aftd IDB beca.- when C11llal""' oW hu....ith the
pt out that lut part per billion at 01 ita IW1dQII in lI'8in. ad that ... kind fJl .iduta &hat ca_ caDCll1', hi
enonnouI CIIIIIt. but it 'IIJ'DUIdn't be wanh 0.001 perCIIIIt on our HIRP acaIa. I belifta •
iL- thoaIbt IMt ... outrlpoua.- -Belore IIIJ MUnftI ....... rd lib titOr. u he W1'Ote in a ICientific paper: F,.. there. Ames ..... on to a to cnck qiD,: .,. It.-. ADd ....
-W."r from thelDOlt poliuted ..lI. -. aweepiDl.Ulck apinat what he .. anot.hIr .Iice of orup. lD
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AcadeJ11Y Panel Raises
Radiation Risk Estimate
~V'/{1f lIIaJ (lllce illl extreme /,;elt' hC(c""e.( ",aimtrea", as
statisticimlS reealCIIlate tlte effects (If tlte japallese ato",;e blasts

THE ."ilL/oS OF the: Natiun~1 Acade:m\' (If
xle:nce:~ ma\' he slo\\", ~1It the\' ~lnlcttn,e5

grllld exccedingl~ fille. In Dect'ml'l(:r tht'\'
rroduced ,a 421'r;,ge: re:r0rt' th.u pul\'eriz~

.m argumc:nr made b~ a grour of e:tperts 10
\'e:ars "go that the dange" oflow·le\'el radia·
tlon were hCIl1[C e:taggented.

The new nud\' (Iflcludes that the risk.~

h,,\'e been un,leresu",ated until now, Not
nnlv that. hut it sa\'~ th"t the liltdihood of
getTmg cancer .,fter· heing exposed to a low
dn~ of radiation is three: to four tin1~

higher than that given in the earlier Acade·
nl\' repurt, which itself was denounced hy
~me old h,md, at the time a., alarmi.n,
nlUS, an e\'ol\'ing scientific undent:mding
lIf health cffects has nlade the alarmist vi~"

J"'llint of the 197~ "rpear moderate toda~'

;,nJ it ha~ givcn Vlme former oIlarmim J

cholnce to Jay "I told rou so" about their
predIctions,

The: person mponsihk tOr bringing thili
ri~1t a.,-'Cs.'nlent to a sun landing-unlike tlle
I;"t one in 1979 which ~hattere,l nn im·
pact-is Arthur C. L'rmn, the unflappable
chairman of me A,adem~"s fifth committC'C
on the Rioktgical Eff'Cets of loni7.il1l RNia·
tlOO (or REIR V), L'J'fon, who head, tlle
In.,rinne of EII,'ironnlClIt.l1 Medicine at New
ron. l!ni\'c:ni~', is ~nlrulously l\alanced in
hi~ pmcnratiufl uft~ ~\UCS, TIl~ heirs ro
e:tplain why hi., group WII able: 10 reach a
COl1llCNU.' while the last one, BEll. III of
1979-1980, lxute into facrionI.

BEIR V deab .'ith Jo,.·lcvcb oI'JlCI'lCtl"M.
ing radiation that impinse on humaN from
outsidc the bodr; CSlCnrially I·~ ncu·
tnlflS. and pmma fa}'" .iUch make up rht
hulk 01' rht pu~ic threat thac has concerned
llealm oIiciaIs in rht paR. A special RUdy
issued law yare BE'IR IV. deals with I

dttFcrmt J"'ObIcm that JCU incrasi"l men­
nun these da).......nmnal Ihnn·range .....
rN" radiation rrimarily from radon p.
Thus. while REIR IV has impliarions m.­
clearina me air in homes and uranium
mines. BEll. V has imrticuions for policing
nWl·made sources such as medial tJiagnoI.
ric machines and the nuclear industrY.

Although BEll. V was f1O( officiallY asked

'~l I~ El'ms.tl F.I!'""ft tnl".,.. tnck n( k1ft17'"ll
Il..ldtmnll" fN~ NU:m\' I'mI. Wash"""""
o C.• 1llq()1.

to wmmellt on rublic SJfety. L'pton saId U

J rre'~ (.'onferc:nce tholt he expected there
wlIuld he "SOm<' re~ronsc" from re~Jlatorv

Jurh(lritic~ in the foml of tighter stand.:trds,
At Ic.I~t line acti\'i~t grour. the Nuclear
Inf<ltI11JtIOll and R~lurce Service ofW,uh·
in!twn, O.c., is alread~ Citing the new
REI R V dolta .u It sc:c:1ts to prevent federal
dcre~\Ilatilln of \'ery low·le\'el r:l\lioacti\'e
"':tne streams (emitting I~s than 10 milli·
rem per year), W.:tmn Sinclair, president of
the N.:ttinnal Council un Radiation l'rorcc·
eM", :tnd Measurm\Cnrs, an indU5tn' .:tdviso­
~' hody, ~ays that givCI1 thc "pre~urc" of
RF.IR V. his C:lIUI\CiI "mi,ht very well feci
mat nuw i~ the time" to reduce the mui·
"",nl ("'~"\Iration.al exposure limit frOm 5
rml rer \'t'ar to tomcthing less,

En:" so, pc:rholrs in the interem of pre·
'lCT\'i"Lt c31m, L'rron tak~ a Iow.key ar­
prnadl tel the Implicanons of his rc:pon,
"Tht'n: has ~'al no tc\'Olution in the .assess.
"'e:nt of rislt. no fnghtening i,,~:rcuc Iin the
rm:eIH"C1 hc2lth effectS I," l'J'fOll told .an
audience at the Academv on 19 Occcmbct.
Rut lle said it is russiblC to M much more
SflCCifi( .ahcKlt the cJcfRC of risk now be·
ClWW: rt1m: has l'lcen :. tremendous improve.
ment in rt,n:c a~u of anal}'Sts, TIM: molt

UnftaPPIbie Cfttfrman. .""/IIf, Up/tIf,',
I"tldy ,/,mlll'l' ,,,1,.,,101,/,,".1' .1 (M'trlUIIS,

SCtF.NCE, \'OL. J41



U.S, Sources of Ionlzln; Radiation
'I"n.: '''11...,tt.M1I .. AI_1all1ll "-tletl.. 1M ........,

Where the rIsk begIns•.\f(tJI ",. lilt ",aiali(llt '",zard, .IS ,~, ",'
ru"'i( Iltllilit is (It'/(r",td. ((11/1'.< .frltlll ual",al ,IIt"r(,s .llIlI, as rc1li(llt

•

•1lIW1A"~ .."

=~:3'Jt
~---==::;::t....

o.s.... rex ~ sin,lc nposure of O. \
Steven ( 10 rem), TIus means due
in a popu~tion of 100.000 rcuf'le
C:'f"ll~ to 10 rem (If r~iat·~

roughly 21.000 "'ould die o.....
c:er. and prohabl\' 800 of t!lose
CJnc~ could be blamed on raJla.
non,

The BEIR V results seem (0

vindicate the ch.lirmMl of rhe pre·
villUS BEIR panel. EuwMd r
R"dford. whu foutzhr !'Ilttcrl\' wlrh
whar he calls a· "rump grollp" of
Ill~ commlttc:c and endeu lip In a
qUOlrrc:Lsome press conterence OAr
the Academv on 2 M.I\' 19i9 HI.'
h3d ",'anted' to usc a s'-mple linear
mudel to cxprcss rISks. e'Crr:lro1u·
in~ straight dO\\11 from rhe hl~hl.'sr

do~.resronsc p3ttl.'ms (willch are
0\'er311 lel'e1 of gamma r3Y~ in onr of the: well ~taNi~hl.'d) to the: k\wcst dose effects.
bom~d Clfl~ !'Iv :trout a facrnr ot' 2. mcan, He aisCl h::id nut fur the usc oi a "rei:ltl\'e
in~ that rhl.' lt~n,"la radi3tl(1f1 mu~t ha\'e: mit" mudel. which would hoWe ",ultlpltl.'d
bc:en more pnfent than rcali7.ed hefon:, (mher than audedl a nsk f~ctor wIth the

When It C3me time to link th~ dose nUrmAl unce:r rate to cxpres.~ the effects of
estim:ltl.'S toget.hl.'r with the canc:l.'r lbta in a radiation,
model rh3t could t-e u"Cd to rroicct etfms at But a pnup of six diuidents an rhe com,
low dc~. the 8F.IR \' cummlttc:c fO\lllJ n1ittc:c: led by Harald ROSSI of ColumbIa
that it could no( fit the new infnrmation to L'niv~if.\· 3tg\ted that thc:st measures
nld nl.lthem:lrical cun~tnlrn. F.\'cn the mud· would eugc:rate: the n!u. They lr[tUeJ
el~ used J.~ rcccntl\' ,\,~ 1988 ~. rhe L'nitel.l thar the: COlIlCer I.'ffem at low doses are
N3ti'lfl~ Comminl.'e (In thl.' Effc:cT~ nf Mum· I,nknown and rrnha~ do no« follow a
ic R,adi.1rinn were unwnRahll.', Inste:ad. the stni,ht line rrojcaed down Imm rhe hIgh.
c:omminc:c: Nmcd to a new mndellk\'tloped doK cfcm, R.ossi argued that the commit·
h\' stari..nci3n.~ Dale: rmtun and DonaJd tee: should not try to set a sin,11.' risk factor
ric:rc:c with a r,,,,ram ~' wrocc. under the threshold of 10 rad. below which

Da\id G. Huel of d'e National Institute he c:onsidc:red the risks nc:gli81ble:,
u(F.n\;mnmmral .'e31,h Scimcell, 1M com· ~ factions carried their quarrel into the
mittcc mc:n,ber who InJ this mathcmarM:aJ auditorium at the Academy and frum thl.'re
IUbpoup, sa~'I. "Wc~' much suned de to the ~l.'S' of scholarly jourNls, Thl.'y
""''0."' to!lSi", out atl the equations that had M\'tI'rexhcd agrcemcm. Behind the: seen,=,.
been used bc{ore. The BEIR. III committee. Fabnkam.'IS asked to Sol.'f\'e as chairman of
he 51\'" used "loa ol dilf'a"Cnt mnckls.· a S\l~ to clean up me mess, In I ..
inctudinl • Iincar-quadraric fonnula tNt nlllnths he put together a /inal reron-

. ISIUmCI the dFecD 1ft nqliJitlie at low BE111Ill-which included dissenting State:·
dosn and dimb ~. at hiF dUICI. , mc:nu~ ludford and Ros.~i,

LnoiU"lC Net un ....etm. Huel~ "Thc . AlIhouJh Radford bcliC'Yes his rosition
clara didn't~ fit the model."' OM em ICC hat hccn justified tctlCACtively ~' RElll \ ..~
•• pnee thai 1hc Did tumun "arc aU decision to usc a linear, no-threshokS. rela·
cIcuty linar." fitrinI ewe • smight.liM rat- rive ftsIt tnnlId for lOIid Nmon, Fabriunt
can crt dccratinl cI'cn ..i1h dccrcuinJ disapas, '"That'l Mickey MOUltC." he sa~,.

dt.. Hocl says: -n-c wasn't ~' IU~- "or tnnft like Oonald Oudt. ladford quacb
don that we should have. thrcshuld \'aJuc" a kx. Don't ray attcnrion to it."lUdford has
b dnta bclml' ..-hK:h one "'OU1cJ cspcct to "a very sinplar concept that if ~'OO draw a
1ft no dc!rimcntal dem, The lcukcmia maipt line. all the docs fit on the line, He
ct"cca. howc\'ft'. arc hcsf .Jc:scrih:d by. hat no undcrRanding 0( the c:omplcs as,
linar-quadmic atr\"C. rem"' of n.« tsrimation. Fabnkant sa\'~,

For indniduaJs. BEll V cakulan::s risIr. in Fufthmuuft. he Il'JUCS that the data a\·all·
termS of many \wblft. including SC'I, age able to BEIll 111 in 191'9 simp~' did not

ItCI~ rime since apoIW'C. dose rate. justify this arpt'OlCh. ACCOt'ding to Fabn·
and 10 on. But fOr purposes of .'hOIe popu- Unt, it's like sayins. -tn the: absence of' dat.l~
ladon cxf"1lU'C' as miJht oc:cur in a n"dear I .·as claif'\-oyam•... We: have done thin"
accident ur during war. it J't'ft\'idcs a ~e:ncral in BEll \' that we couldn:t concch'ablv
lifctime: mit factur fnr atl t\1'CS of cancer of ha\'e done hef'Oft." II ELIOT MAUKALL

Imp"".me I~ due rl."~:lrchl."n n.l\ l."
1'(TIl .It-Ie co ~ccumul.ue .lIKXhl."r

Jc•.kk of moruhl'\' dAu from 1.1­
r,m. where 'Urn\'o" of rhe Him­
~lllm.l .lnJ :--Iagualu 1rt>m ~lm!'l

JrT~c1t.~ ue "'Jrched c1o~)\' for rhe
Jttc:rl'ltecrs of rhe r:lJiuloll rhe\'
rcce1\'cd 111 I 94 fi. The nrhcr 1'\\'11

.h~Il!Z'·~ ,ue .111 tmrrm'cJ C.3IeU).l­
rll'" ot rhe radl.Hlon rele..~t.1 tw
the' 1'\\'0 ~Imb~ .and .1 mnre ~()rlm.

(I"HCU coml'lIfcr nm.!cl of mit de·
Ilgncu ~1-e~,tiC.3111' fur tim rer"rt.

'Il,c ~hlft t-egOAll WIth rhe mo~t

l.ln!Z,hle of .\11 U.H3: the Mdy
WUl1t, Accordin~ to :I comnunee
Incm"'cr who he1rcd write ~)fh

rcrnrt~. lacoh I. FJhrik3m of the
l'I1l\'C:rsil'\' of C"lifornia .u Rerke·
le\'. "Morc c:lncers .ue "rrc:lril1lt
rlun wc predicted" III REIR III,

,\k:tllll rll:·:. I'j1\'~i,i~rs were IIlJk.iI1~ huge
dl3n~cs In rhe estimare~ of rhe amount of
r"di:ttlon relc::t~eJ in Hiro~luma "!ld Na~"q·

Iti. In rhe e:lrl\' 19~O~. re~e3rche" at the
I.Jwrcnce 1,1\'ermnre N"t!on31 L.looratory
ul1cll\'ered problems WIth c3lcul3t1ons ",3de
111 rhe 1960~ of the amount of ll:unma ra~'S

,1I\d l1eutron~ rele:tsed when rhe ron'M det·
'''':trcd, The more the\' looked. the more
llI:tl'Cur3C1C:~ rhe\' found, In the end. the
~o\'ernment~ elf j3ran 3mt the llnitl'd ~f:',e~
dcmlc:J to rour ~e\·l.'ral milh(1f1 dull:l" into a
"ol1lrlete re\'ISIOn of thl.' d~ estim:Itl.'S.

'l1,e Ie:a\te:rs of the: do~i~' m'lsion at
rhe R.llli:uion Effecu Rc:~arc:h Foundation
of I~r:tn wem tu "lIIcrl.'dihle: and unbelicv·
.,blc" lcn"h~ to en~ure acClI~' thi~ rime:.
r.l~rlk.1nt ~:ty~, FlIr e:umrle:. roof tiles f'rum
~Ulldinp:~ ,It \'anou~ di~t.1ncl.'S from me cpi'
,emcr l\f thc hlut wc:re ~u"lCCtnt to a new
"therm,,1 hllnm~c:nce:" el'l.lmin.1f1on to de·
remllne C:~:I\,'tI\' huw manr p:amma ra~'S hit
thcm un 6 .mu 9.August 1945, The mula
weI c: duuhle: ·checked h\' lahuratnric:s in ICY­

~'r"i ......\!lItll~.~ 11,: shielding f"'O"ided ~
.'llf. humidin', windu~, .·alls. ..nd roo& was
rcc;akul:trcd: nle doses n:cm'ed bY me
95.000 ~ur\'i\'Un wcre indivK1uatlv i.:con-

. ~lnKttl.l. t:tkinp: inm acaM'lC ..~ me
!'t'Me"' was f~ing or turned a"'I\' rrom the
"'I..~t. alll.t.if sil.lC"''llys. which Iide- of me
ho"~' wu "rosa!. Today. mcarchcn arc
illtL'11t on recalcul.uinp: the ~iariondoles to
·rhl.' ",n'iw,"' indh'idual nrpm.

Althcltlgh the new Jaranc:sc dosimmy
rc~hufftnt :III the cards in tht' dcdt. it made
I'\\'n changl.'s nf broad significance. It dimi­
ll.ltnt namncu from the rtc'Nre atrnalt en­
urel~·. nle.1ning that gamma rays alone wae
~relflSINe: tOr most of the hcahh et'eas.
n,i~ p:reoltly simrlifint and mmphcncd the
'''~lCi:lti(1f1 ~'Cm Iow·IC\'t1 pmma radia·
tlon ,ulJ C.1nce:r, In addition. it kt\\'md the
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. We wish 10 clarify what may ha"C beat a
widclpfead misundcrstandin abouI sm:re
mmtaI mardation as an ef'ca of low...
ionizinJ radiation. The National RaaR:h
Council issued a praa rdeaIe and hdd a
praa conferl:ncE It chc rime it published chc
-oon of its Commirrec on me BioIop:a1

• :as oflonizins Radiation (BElll V). On
.. IC basis of me praa releuc.. newspapers
and teIccua informed chc public mat low-

doec radiation eJrosure at 8 m 15 'M:W 0(

jJesuric"1.I1 a~ an cause menul rcunhrion.
Acnully. the cnnwrnncc's sratmial analysis
of a linear model pertaining to SC'YCTC menta!
rcurdatlon suggested "mat a threshold may
nut at 0.2-0.4 Gy (gray I (2o-.w tad).. (I).
lnc accnmranyinlt Itr;,,,," in rhe ~
showed little. If any. increase in manhtion
amon~ penons who received leu ma" 0.50
to 0.99 Gy (SO to 99 rad) as compared with
contrOls.

The press release. under the heading
"Mental retardation effectS" was concerned.
not WIth menuI retardation as it is usually
understood. but .... ith reductIOn or IQ test
scores and with the school perfol'TTWlCe or
children in the first grade who had been
exposed in utero to the atomic bomb in
Japan. The estimated IQ loss was 21 to 29
points per gray. or 0.2 to 0.3 IQ points per
rad. Rarelv does a fetUS receive more than 1
rad from'diagnostic examination of the
mothers abdomen during pregnancy (2).

The news repons contributed to an unjw­
tified fear of c:sknrial radiologial studies
during pregnancy. No measurable impair·
ment of brain lUnction is to be npccted
from prenatal 0rosure to dOlCS as low II
thole recC1ved &om diagnostic I·rays.

ROlin W. MILLI..

Oi"i(1I1 Epidtfflialot'f Bmttlt,
NII,;",...I Cmttr IlUtihAk,

&tilt"'. MD lOB92
ROIU.T L. Butrr

Dtpttmrtm' of PH;'tria.
1\MsIIJ }t/mtlfl Uttil/miry and

A'fiW I. DvPoru lrurillnt.
Pttu 0lut Bn 269,

WiI"'~(JfI. DE '9'99

UFEUNCU

, CAJrmwmc GIl ...~ Ef«a 01 IanizinI
bl&IaonI. Hf'IM iJt'ra .,e.,- • "'- IJwh -J
....~ ....... (N.... At."" ..... w...
..-. DC. IMI. At. J55-.159 •

1. u,.- ..("u.s~""",~~
...... (N.....~ m ..--, PftIea:.
_ IIId M a,.a, IfttladI. MD. '919)•
..., 100. As- U; J. C~kcmI&Is IIId M. a-•
..... ,."... .,....... DNrJ "' ,....,. AWilww
..~ x..,. (CIl.C ..... 1oca a-. FL,
'9I01.... 'G2.

E1icx ManNI'. anicIc "Academy panel
niles ndiarion riIk csrimara" (News Ie
Camrnenc. 5 '1ft. p. 22) contaiN milltare·
mena about me IIId about BEll. Ill. Since I
_Ihc view Ihar radiation risks at doacs of
Iaa than 0.1 ...., (10 ndt) are unknown, I
have ncYCf dcdIftd or COClsidered them to
be "nqligiblc."The number ofdislidem:t in
chc BEIR III commimc was IaflC1 d\an lis.,
akhouJh it was newt' clear how many Ihm:
were. I do noc rancmbcr who fint pnJpOICd
a Iowcr doK limir for risk estimites, but it
was ftC( I. I do rancmber that the convnit­
tee wu'unanirnaus on that maner.

SCIENCE, VOL Mo1

\
My rosirion remaiN • valid now as it

....u then. I....owcred dale c:mmara. a hilghcT
SC'N~ 0( the yoouns. and the (apparently
IM"OfINtc) adopOan of the relative ns&
model increuc the: c:srimara of radianon
cmccr nsk in HifOlhJlN and Nap:asaJu. It IS

nevertheless unJii.c1y chat we Will ("Vcr be
able to C"Yaluace the~ 0( low doea of
iOnizing radiation on the: bull of epldc:mlOl.

~. The most ~.c: aspm of extrapo­
latION IS that statistiaJ hmitarions as well as
othC1' uncertainties make it impossible to
discern the: ctreca 0( cbc:s that are less than
about 0.1 Gy. In anunais nposed to moder.
ate radiation doec:s. ancer I/lC1dences that
are bod1 higher and lower than those in the:
control population h..Ivc: been demonstrated
with high ~i1ity. The Iarm- phenome.
non. sometimes a:nned "honnc:slS," has
cau.sc:d an increasing number of f'COP.lc to
speculate tJ:1at low radiation doses may'pose
a Nit tha~ IS Icsa than negligible. At present
thIS posItion IS M1tnef more nor les.s unreli.
able than the claim ofa proportional relanon
for doles below 0.1 G¥.

The pomdatle that this relation applies to

canc~ ~ humans (excepc: for leukemia.
where incidence is hilt' and statistical uncer.
tainty thcrd'orc lower) is mc:rdy an article of
faith. In the: ablence of tangiblc information
it may be adopted in Kipularing "risks" in
connecrion with ndi.a:ion pnxection (1).
but any claim that rncsc risks are aet\lal
rather chan nominal cannot be suppcmed by
sac:nce but only by "political science."
~ HAMLD H. ROMI

'(1' ,OS lArrhd4lt AI/milt.
(J~ NYIIlIr. NY 10960

UPiUNCIS

I. H. H. lOIIi, -u.-1IId _ 1II1'1d1l'

tiOn~·(t- S. T.,taf l.muft No •
N__Caurd GIIldeon "-1IId Mea:
~ aea-k. MD. I....).
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11£.1IL V: I mplica rioa. Car. r.bL
Nuclear WcwJr.forcc

-------- -- --- -- -----=-------=====-=--------,

1bc NatlONl Acadmly nf Samccs fifth
report on rhe blO~c~1 ctrem 0( l(Jf'\IZJng
rJ,hJrlOfl (REIR V) (11 (N~'1 & Comment
5 /:an .. p. 22) indicates a need fof '"tIghter;
~ontrol ?f..l1uclear wonter exposure. But
BEIR V s Incremd nsk" needs modifica·
flon when arplied to m:ale .1dulr~ in the
nude:ar workforee: for the follnwln[E reasons.

I) The: BEIR V risk assessment is based
on uarimcal analySIs of cancer mortalitv
among aromlc bomb survivors 10 Hiroshima
,lnd :-.JJl'.uakJ. The latest R.1diauon EffectS
RC~.lI"eh Foumbtion (RERF) report (2)

~hows a computed excess of 252 cancer
Je:lths among 5i34 nonleukcmic cancer
de:aths, Some 74 of 2007 obscJ"\'Cd stomach
CJll~er de:aths are attributed to radiation.
Il,Id AnlCfil::Il1S Iwhmc incidence of ~tonl­

aeh cancer is much lower than that of the
JJpaneK) hccn exposed :at Himshima and
~,'~:Iuki. the number 7. would have been
less than 10.

2) Tallies 2-5 through 2·33 in (2) tabu­
I.I~e mk fo~ 27 typc5 nf cancer-an ""c:r:alle
01 Ic:~ than 10 excess cancer deaths per
c:mccr tyre "bscJ"\'ed fn,m 1950 through
1985. The number of m:ale cancer deaths is
much ~maller because 3 of C\'CJ"\' 5 survi\'ors

female and 56 excess deathS are specific
~male or~ans. This leaves an insubstan­
natistical basis ror assessing male radia-

n risk.
• 31 ~e bu~ of, the collective exposure

( I 2%) In Hiroshima and ~apsaki was
about 50 retn-(he mean dose \Io'as 132 rem
reI" sUI"\'i\'or, 11lc a\'crage dose for half a
nlilliun U.S. nuclear power workers (1969­
19R8I was 1,2 rem accumul:ated O\'CI" the
wurk urecr. RElll V statisticians conJtNCt­
cd five difermt modcb to bridJc the pp
ber\\'ccn these rwo types of cspolW'C.

~ ;:, 8 ') () SCIENCE. VOL 241

..) The ~tomic bombs produced an In­
nantallaJ\IS II.I~h of I"3\I~tion. whc:rcu U.S.
worltcn accumulate tht'ir "f'lOSU1'e ~duall~'

over SC\'t'ral ~'C:an. BEIR V concede's th:at
this I.hsrnbutc:d dose could tIC tWU to ten
tirm'S II.'SS biolOllIC:allv etreen\'e than a ~Inlle

e~r()Sllre. but It dt>cs not incorpor:ate~ .t

~orrel.'tlon facror in its f1l(~els. BEIR III (JI
mmxJuced:a 2.25·told dose effect correction
in its model.

5) BEIR. V Increases risk assessment in
part because of ~rcater than e:tp«ted cancer
deaths amon!t those who were under a!te 20
.at the time of bombin~, Such an etrect
would not applr to nudear workers. who
.are exposed at an average of less than 30
years of age,

If one f:akes these: f3cmrs into account. the
BEIR V risk asscssmmt incrc:asc of about
350% dwindles to about iQ4l& when arr1icd
to the nuclear workforce cllf'lOSure. Nothing
has re:ally hap~ that would lead to :l
ughtc:nin~ of radiation COntrul5 for a L' ,So
worktorce whose lifcrime radiatIOn exposure
a\'er:a~es 5% abo\'e that to which all Amen­
e:lns .ne ClCposed. BEIR. V conclwes its nsk
JS5(.'SSnlC11t with this tinal sentence: "At such
low doses and dose roues. it must be ac­
knowledged that the lower limit of the r:an~c:

of unl.:C1'llln~' In the nsk CStlnl,tu:s c:uc:nJs
to 7.l:m" d. r. 1811.11\\'· nu-IS ~1'l:l:uIJll\c

and moly be z.cro.
RALrH E !...Art'

-:-] 15 fl.,,/( 7'rrTilr( J)'/I'l·.

,oilr.'f,IIIJnll, t ·.oi ::.lir

kEF U..EN<.:ES

l. rMVnIftft ..n me 8_*"le&l Ed'C\.'t1 "I' 1"""1111
R.lJ~IIUnI. S~lInn&l Rnc~n:h Council. H."III. r,'.
,.\' .J.' 1:.'rt'fUI'f rtl £..r", Lrt"/t .tt It"f"l'''~ R...,loI"·""
RI:/R I' ,Smon~ Aca.kTm· rrns. \\'L1hln~nn.
IX:. Iq<QIO\

2, l\.&1sanon Elftm Rncuch Found~unn L,tio ~~'"
S,w./y If",.., II fl.... I I ~~ttonal ..\,a<kn\I' rreu
Wul'\Inpll\. DC. 1989\ .

3 ('ummlnce lin die 8~le~ EIf~, of IO"l1In~

RAJtMlC'lftS, n,t t.!t(fJ I"" (1,..,...1",,1"'" ,If e.trtHlirr ',1
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. AOPFN'QIJM :
SECTION B - ITEM 124

MEA DIRECTOR'S DECISION
(DOCKET NO. EA-80-001-~G)

~~:/ ~~e health and satety issue ot the iner~ased severity or

a loss-o~-;;Ql-water accident it such an accident Qccurred'w1th

increased a:Qunts ot spent tuel Itored 1n the poe: was discussed

=1 experts :t NSP, PIP, and MEA Statt.

( 92.) T~Q conditions are neceslarr tor an acc~~ent to occur

in Which tee spent tuel 1n the SrP would pose & Qanger: (1) loss

or SF? cool~nc vater; and (2) ta1lure ot all bac~~; water supply

s;ste=s, 1~:lud1nc lack ot accesl to the pool.

~93~0 P:? witnesses Thompson and Webb &llec~ that as a result

ot either a maJor external event, luch al an e~hqu&ke, or because

ot a Pra1r1e Ialand reactor accident, a lOla ot wa~er aCCident

could occur 111 the Ipent tuel pooll. Dr. Thompsen 11 a consultant

enc1neer a::ive 1ft the area ot enercr an4 env1ron=ental studies;

he is a me:=er or the Political £colol1 aesearch ~roup. Ltd.

(a non-pro~~t comp&n7) or oxtcr~. Encland, He has participated

1:\ tvo pU~l~c: investigations ot the hazards or spent ruel Ito,rage t



the Windscale Public Inquiry in En,land and the Oorleben Inter­

na:ional Review. Dr. Webb has a Ph.D. in nuclear en,ineering and

was ~rev10usly on the statf ot Adoiral Rickover ,in the Division or

Naval Reac~ors ot t~e Atomic Energy Commission. He has written

extensively on the accident hazards of nuclear ~ower ~lants and

has served as technical consultant tor the townsh1~ of Lower

Allaways Creek in Salem County, New Jersey, which intervened in

the Nuclear Re;ulatory Commissioc~s licensing·hearing on the. , .
pro~osal or the Salem Utility to increase s~ent fuel storage at

Salem.

~ PIP witnesses W~bb and Thom~son also ~ostulated (1) a
~

major accident in one of the Prairie Island reactors, cau.sing (2)

the s~ent !uel pool to become inaccessible, causing (3) the loss

o! the capability to add makeup water to the pool, tollowed by

(4) the breakdown of the spent tuel pool coolin; system trom the

accident or trom an independent cause, result1nc in (5) sradual

pool ~ciloft'. Dr. Webb also contended tha.t & z1rco'niWD tire.

and various k1nds ot explosions, could occur in ~~e pool once

most or allot the water bad evaporated.

~ PIP presented ftO eVidence as to the likelihood ot the

in~nc eventl pOltulated b, their witnessel •. Dr. Thompson

·,tatea that he bad not considered probabil1tr. PIP vitnei. Webb

stated tbat he doe. not all1en probabilities to mechanisms and

that be cannot determ1ne tbe likelihood ot an event without

~ulti~le !ull-4cale experiments (which no one has ever conducted).

.. 36 ..



.....---...,
96. NS? preser.~e~ substant~al an~ uncontroverte~ eVidence

by two panels of witr.esses that the types of even:s postulated by

the JPIP witnesses are so improbable and remote that they pose a

m.irt1.scule risk.
~

97'.' TheJ test1t1ony or NSP witnesses Drs. Kaplan and Garrick.,

us1ngprobab1J.ltye.."a11s1s teohniques, estimated. that the likelihood

that. the.Pra,irie Island. spel'.1t ruel poqls would become inaccessible
0 ••• ' ••• ,: :.... '.; tt -I. : ..' ':.- , . _ '.. '. ..•.. :.. ." .•. '. ,\"

as a result or a serious reactor accident is once 1n every 200,000

years with a. 90S confidence that it woulc! be between once in

10,000 years and. once in 4 mil110n years. Moreover, the likelihood

that this 1naccessi=ility would cause s1gnif1c&nt rad1ation releases

from the spent r~el pool was est~ted. to be once every 400 million

years, with 95S con!i~ence that ~he rrequenc,. or inaccess1b111ty

is no b1i.er than once in 11 million years. Dr. Garrick, who has

a Ph.D. in nuclear engineer1~, is an expert 1n risk assessment,

re11ab11~ty, and nuclear saret,. analysis, particularly w1th respect

to the app11cat1on or probabi11s;~c methods. Dr. Kaplan is a

mathematic1an and en;ineer specia11z1ng in risk analysis, decision

theory and app11e4 probabillt,. in ieneral. ~e analysls or Drs.

Oarrick: a.n4 Eaplan ft. base4 upon a review ot the particular

systems ez1st1nC at the Prairle Island re«ctors.r3 IlEA Start v1tn..... Dr. Stratton, a nUclear P!17a1c1st

employe4 b1 the LOI Alamos Sclentitic LaboratorJ', also teltltie4

that the probab11i~1 or a reactor accident causlnc pool inaccessibility,

with lOIS or coolant an4 makeup to the pools, is less than once

in every 10 ml1llon years.

.. 3i -



~ T~e Dire::or notes, however, that certa~n remote events

s~ch as sa::~aie, ~ar, and locial d1stur=ance, ceuld lead to a ~

loss o~ wa~e~ i~ :~! s~ent fuel pool. The l1~eli~ood of such

events have not been, and probably cannot be, quantified.e ::S? al!~ presented .. panel of four witnesses. ("the

G1lcrest~~eln) ~~ose testimony reviewed 1n a qualitative fashion

the risk assoc~ate~ with the accident scenarios postulated b1 the
'. . . .

PIP' w1'tnltsses.' After dltscribing the,proposed eX'Pansion~ the ..

witnesses descr~be~, and analyzed the Prairie Island fuel storage

structure; :~e spe~t fuel pool structure's ability to withstand

natural phe~:mena; the spent fuel pool cooling system, including

redundant or back~p systems available in the event regular cooling

should fail; the e:ec:rical and backup electrical s1stems upon

which·many :~ the :=oli~C s1stems re11; the instrUmentation which

mon1to~s wa:er level and water temperature, and radioactivity cond1tion~
in the rools; the, ~ool leak detection s1stem; the pool ventilation

system; an~ ef:ec~! on the pool structure and cooling system from

the propose~ expa~s1on. Allot these satet1 teatures ot the plant,.

the pool', ar.~ assc:iate4 slstems and structures make the loss-of-

water acci~ent hy~otbes1s remote.

,~ ':'he G1l:r••t panel also evaluate4 the ~1me avallable to

prev~~ool wate~ bo1l1nC and evaporation, assum1nc pool coolant

system brea~ovn. aD the bal11 ot these calcUlat1ona, it 11 clear

that ample t1me vculd be available to. pump vater 1nto

the pools, ~het~e~ tbroUCb one ot the plant cool1nC 11stems or b1

hookin; up & wate~ hose to a 41esel tire pump or to the Mississippi

R1ver, to ;~event loss ot pool water.

r lO~ A var~e:l of backup water supply systems is available



t: ~~~lace an1 loss of water in the pool. Each ot these s1ste~

13 ca~abl~ :~ prov{~~ng water at flowrates in excess of the maxicum

bo1l-ofr ra~e. These sources 1nclu~e: (1) chemical and volume

co~t~ol system; (2) chemical an~ volume control system hol~-up

ta~~s; (3) ~~fue11ng ~ater storage tank; (4) reactor makeup water

s:~r&&~ar~; (5) ~e~era11z~d water; an~ '(5) t1re protection w~ter.

~ The 0ilcrest panel described in deta1l the k1n~s of

rea.ctor ac:1Qents against which the plant and 1ts protect1ve systeQs

a~e de!igr.~~ to protect. None ot these accidents, 1ncluding the

t7;e e~ acc~dent wh1ch occurred at Th:~e Mile 'Island, would cause

~eol 1nacc~ssib11ity ror a time sufficient to permit pool boiling.

Eased ~;Qr. :h~ mult1;~e satet1 s1stems incorporate~ into the plant,

~~el~d1n; :he plant L~d tuel des1gn, the protective dev1ces and

s~ste~ ;~cvided, an~ the emergency slstems which onl1 respond

i~ the rirs: t~o detense levels tail, the G11crest panel concluQeQ

t~at the ~o~l lo!s-o~-eoolant acc1~ent hypothes1s is so improbable

&,S3l::e i~:re<!1ble.

( \ 10. W1th recard to the testimonr concerning the &c,111 t,l ot'

t~':S "1e Isl&nt1 s;=ent tuel pool and lupport1nC plant slstems'

&:::'1 structu:-es to w1thst&n4 the ettects ot natural phenom~na and

&:cidentl attect1nl the reactor and/or spent tuel pools, the record

s~ows that the proPOled exp~lon ot the tuel storace capac1tl has

little or no ettect on this abl1it1.000v Althoulb there val cl1sacr.....nt as to th. cone.qu.nce.

e~ a loss-ot-water accldent, Ihould 1t occur, the remotenesl ot the'

a::i~ent :akes resolut1on ot the dispute lesl 1mportant. Nevertheless,

:~e 0i~ec:Qr finds that the test1mony ot NSP's witness Or. Dh1r



•a~~ea:$ ~o :e reasonable. Or. Dhir has a Ph.D. in mechanical

eng1ne~r~~g and is cur:~ntly associate professor in the School

o~ Eni1nee:~ng and Applied Science at UCLA. He has been working

in the nue~ear mechanical and engineering depart:ant at UCLA

s~nee 1914 ..

.~.) Or. Ohir's analysis, based on his own extensive caleulat1ons,
\ I

was '~f~wed 01 Drs. Kaplan and Garrick and independently verified

by anothe: expert in the field. Or. Thompson, who described his

own work as Judgmental rather than quantitative in nature, stated

~hat he a.~eed with Or. Ohir's approach, although he could not

evalua~e Cr. Ohir's results without replicating the analysis.

~r. Thocpsen claime~ that Or. Ohir failed to cons~der the p~t1al

loss ot ~&ter &s the most serious accident case. Or. Thompson's •

:lai~ a;~e&~s to be confirmed b1 prel~~ calCUlations done by

=enJac1n !l Al· in their report to the NRC entitled "Spent Fuel

~eatu~ :cll:w1ng Loss ot Water Durine Storage. ft (~~~G/CR-0649i

:·!a.rch 191~). nowever, Or. Dh1r's eval,uatien 1ncl~c1ec1 the case of

a part1allj tilled poel. demonstrat1ns that 1ft that case the pool

would event~ally boil 4r7. AI to Dr. Webb, his methods and tindines

have not been lubltant1ated b1 other Icientists. To the contrary,

r~A' Po11c1 AnalYli. Stalt witnell Stratton and several ot Dr.

Stratton's colleacue., reViewed one ot Dr.Vebb's submittals on

reactor sa~ety and conclUded that it should be ienor.d because it

tailed to describe a mechanistic series ot precursor events,

tailed to' analyze reactor satety, an4 ienored probabilities.

~~/ ?inal17••everal other acc14ent h7Pothe.e. were br1er17 ...

ra~~~ various witnesses. MEA Statt witness Or. Stratton po1nted



out the need to ensure sufficient heat removal ~rom the spent

fuel pools. as expanded. and to design the storage racks so as to

avoi~ a critical system. The nuclear characteristics ot 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

c:iticality. On the basis of the analysis presented by NSP.

which will be subject to NRC statf reView. the Director believes that

the issue of cr.iticality has been satisfactorily considered by NSP.

l08~ Or. Webb alleged that a hypothetical r~actor power
'-excursion accident had not been given sufficient eonsideration.

The eVi~ence does not support Or. Webb's opinion given the fact

that power excursion accidents are evaluated in the Prairie Island

Final Safety Ana11sis Report (PSAR) and that, to :each the Webb scenar~:

either the reactors would have to Violate their operat1ng limits

or one would have to assume that boron present in the primary system

is absent. The report on which Webb relied states that the.

"satet1'1mp11cationa ot the 4esicn philosophy of existing and

~roPdsereactors Ar.• not in question."

109. '1n&l~7.~. Webb waa concerned about the possibility of
,,

the-formulation ot a tast-neutron reactor and explosion trom gross

plutonium secresat10n in the event ot a fuel meltdown in the spent

fuel pools. Both the Gilcrest panel and Or. Stratton reJected

Webb's ir0SS plutonium seeresation hypothesis. Soth theoretical

and ex;er~ental work show that this postulated event could not

occur.



//

I 110. =~ conclusion, due consideration has been

J~~~r~o testimony presented by NSP,'PIP, and the

given by the

MEA Policy
•

Ar.a1:s1s Starr regarding the impact or various accident scenarios,

~~:lu~~ng so-called Class 9 accidents, on the spent fuel pool 1n

l~iht or the pro~osed expansion. On the basis or the record

~evelo~ed during the proceeding, the Director has determined that

the s~ent fuel pool modirication. as proposed, will not materially

~~:~ea5e the risk or severe accident and resulting severe

~a~icaet1ve releases occu~ring in the pools.

•

'.
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COnserYlltion Potential by S«tor. by End.Use'

I'trftftt e( COftMt'Yatlott k",11 S••inlP
u. Potttllia! I'\ I Po'tnti.1 I '" I

added insulation. impt't:lved coliip,es3OT efFiciency and
controls. and other ImprovemenlS 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 accoll1plisheu with a well water heat exchange or
with seasonal ice storage.

OTHER SECTORS
Governmental and sealional residential electric use are
Includeu 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 conliervation potential in the residential.
commercial. inuustrial. anu agricultural ~ctors.

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 Iilits 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 52 percent inc:1udes a wide array of
specific efficiency improvements for each sector and end use
of electricity.

from:

Minnesota's' Energy Options For the
19905

Minnesota Departmen~ of Public
Service

December, 1988

~

Residential. InclUding
Farm Resluences

Main Source Space
Heat

Dual-Fuel Space
Heat

Water Heat
Central AC
Room AC
Refrigerators (Total)
Freezer
Electric Range
Clothes Dryer
Dishwashet
Waterbeu Heater
Lighting
Miscellaneous

TOTAL Residential &
Farm

Commercial
Space Heat
Water Heat
Cooling
Ventilation
Refrigeration
Cooking
Lighting
Miscellaneous

TOTAL Commercial

Industrial
Space Heat
Water Heat
Coolinl
Ventilation
Refrigeration
Process
Motors
Liahtinl
Miscellaneous

TOTAL Industrial

Alricultural Uses

Other (Government
Sales. Seasonal
Residential. etc.)

TOTAL Minnesota2

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%
3.1%
0.7%

14.1%
3.4%

30.0%

0.4%
0.1%
0.9%
0.9%
1.1%
2.2%

19.8%
I.K
0.4%

27•.5%

2•.5%

10.2CAJ

l00.OCAJ

50%

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

58%

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

62%

40%
80%
SOCAJ.
50CAJ
70CAJ

3.5%

48%

1.7%

0.5%
4.4%
0.4%
0.2%
4.7%
1.3%
0.8%
1.2%
0.3%
0.3%
1.7%
0.0%

17.2%

0.7%
0.5%
1.8%
1.5%
2.5C7c
0.3%

11.4%
0.0%

18.5%

0.2%
0.1%
0.5%
0.5%
'0.8%
0.0%
5.9C1e
1.6%
0.0%

9..5%

1.2%

5.1%

.51.5%

•

•

•I. Pm:entap IIvin" estiiNlleS for cool"" Itld ra_neill lir condition1n,
include IIvlnp rram more efrlC1alt liPtinl1tld adler lCItHiInca. Laa
w.... hut rram aevenlltld .... CIII mIucc cooliftl RqUftt'IIIftU.

2. Pmenaaps 1ft for dle IeWft ....... MillftlllOCa pMrIl_ Itld
trIl\ImlSllOtl utilities. wM:tl ..".y M peti:IIIl 0I_.-.;c \III.
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Addressees:

.,

1 •

UNITED STATES
NUCLEAR REGULATORY COMMISSION

OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C. 20555

February 1, 1990

ftl I: , ',' .".
NRC INFORMATION NOTICE NO. 90-08: KR-85 HAZARDS FROM O!CAYEDLFU!lji ;i,~ ....!

'90 Ffa 13 P12 :30

All holders of operating licenses or construction permits for nuclear power
reactors and holders of 1i.censes for permanently shutdown facilities with
fuel on site.

Purpose:

This information notice alerts addressees to potential problems resulting from
the accidental release of Kr-85 from decayed fuel. It is e~pected 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 ana',yzed ,the radio 10g1ca1 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 decayad ~pent fuel has focused atter.tion on potential d1fficult1et
that could be associated with the expo~ure of onsite personnel to an accidental
release of Kr-8S. Kr-SS is a noble gas fission product that.is present 1n the
gaps betwe.n 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-8S becomes increasingly the dominant nuclide in the accident source term
for gap relelses as decay times increase. After 2 weeks of decay, Kr-SS is
a significant nuclide in the source term, and after 190 days of decay, it is
the predominant gaseous nuclide for a gap relelse. The unusual decay character­
istics of Kr-85 give cause for focusing attention on the ons1te consequences
of a gap release from decayed fuel.

9001260198
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Discussion:

Kr-S5 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 th~ fuel is illustrated in Figure 1. In the event of a serious accident
involving decayed spent fuel, protective actions would be needed for personnel
on site, while off~ite 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-BS, and to assess the skin dose to workers who could
be exposed to Kr-8S 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-SS releases in areas
where decayed spent fuel accidents could oc~ur, 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 response. 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 •

. harles E. ROSS#Dl~ •
Division of Operational Events Assessment
Office of Nuclear Reactor Regulation

Technical Contacts: Charles S. Hinson, NRR
(301) 492-3142

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

Attachments:
1. Figure 1, Dose Consequences of a

Spent Fuel Drop Accident
Z. List of Recently Issued NRC Information Notices
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.TEES Will Spend
$65 Million A Year
On Conservation

3y SWSAN LINC~LN

,~ew Eng12nd Electric System. the second lar1est utiJity
in the sL"(·state region. is embark.ing on a 56S mUlloD per
year se:arch for a new source ot' energy. OU has not been
discovered in Boston harbor. nor coal in Vermont. but
~EES hopes to rind megawatts in New England's homes.
businesses. and factories.
~EES will be in,,'esting its millions in energy-<:fficient

light bulbs. air conditioning. el~tnc motors and building
design. according to the Westborough. ~lasuchusetu­
based utility. Another S.sOO miilion wtll be spent in New
England for energy eificiency measures o"'er the next
:hree '·ears.

,\ twist in the venture is a partnership with the Conser­
\ atlon l:1w Founa.1tion. :m envlronment:U grouo tra­
,jICionally at loggerneads with energy utilities. CLF and
~EES are collaborating in the new program called
"Power bv Desistn." which ainu to e:ue the region's in­
..:re:UJngly'tight e-lectricity suppiy and a"'oid building new
power plants by tapping into energy efficiency.

•
'~i1e CLF portrays the program as toa stroke of. ~e­

. and takes much of the creait r'or spurring the ~uI~ty
to 4..;tion. energy eifidenc)' has been a company pnonty
"well before CLF entered the picture" s.ud a NEES
spokesman. ='lEESPlAN. the utility's overall strategic
plan has included reducing electricity use thrOulh conser­
vation and efficiency since 1979. according to NEES
preSident John Rowe:

Dou2las Fov. executive director or' CLF. dubbed the
~roJect the "third generation" of enerlY conservation.
The first was the hardship model. turning down thennos­
t:1tS. foregOing electnc: blankeu and wearing sweaters.
Foy said. The second gener:uion wu dfons to let con­
sumers to buy energy efficient appliances by offerinl re­
batcs. performing -energy auciits and similar incentive
programs.

Yet these programs never seemed to take off. The miss­
ing piece was a de~r, prom mom'e for the electricity sup­
plier. the utility. Without the ability for the utility to earn
J return on the investment. Fo~ e:tplained. conservation
measures were doomed to renwn good pubUc relations.
without serious impact on utilities' projections of future
:nergy needs and their plans for new facilities.

Enter CLF. The stroup co-authored a report in 1981 tit­
ed Pow~r to Spare: rne report concluded that New En,l­
and could meet between 3S perc::nt and 51 percent of Its
:OtaJ electricity neeas ior the next twenty years.throu~
;urrently available efficiency improvements. whale masn­
:ai"it1g or inc:reasinc the relion's current rate of ~no-

'.·owth. The energy suppUed throulh effiaenc:y
.... ':OSt between one-quarter and one-half the price of
dlowatts supplied from new power plants.

lack of utilitv aaion or investment was identified as a
>:ev obstacle to 'consideration of conservation. power 10
Spare concluded that energy eiiicienc:y is a resource that
ihould be purchased like any other resource. not left to
;ustomers to rinance.

--;" ~ I <::....u~~ h ..·a..1 ~f

rlJuUV, .....ovemtHr 7. /9a9 THE E:'iERGY DAIL"i

The crucial difference. Foy says. is to switch the utili­
ties from a goal of selling kilowatt hours to selling energy
services. It's a rerum to the ideas of Thomas Edison. Foy
pointed out. The inventor's original company sold light.
not kilowatt hours. If those serviccs can be provided to
the consumer for less lcilowatu. no one loses-neither the
consumer nor the utility~and the environment gains in
avoiding the need for new plants. Utilities also avoid the
risky and resource<onsuming 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 regula­
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 Burrington.
First to get off the ground was NEES. The Massa­

~husettS Department of Public Utilities ordered the utility
company to worle with former adversary ClF to design
Olnd implement state-Of-the-art energy efficiency pro­
grams. Since such large scale direct investment in energy
~mciency by utilities is unprecedenteci. the jointly­
designed program was to include rigorous mODItating
3-net evaluatlon provisions. open to revamping as expen­
ence grows.
~ow the" Power by Design" plan is set to launch. and

has already begun by retroritting low-income houses in
Worcester. Massachusetts. The rirst year of the plan sets
a goal of 60.000 homes and 15 million square ieet of of­
fice space to retrotit and redesign. ='lEES will spend over
S6S million this year alone.

The program blazes some new ground in utility-spon­
sored energy eificiency programs. according to CLF's
Burrington. Firn is the scale of the project• .:1nd the ciirect
utility involvement, rather than indirect consumer incen­
tives programs. ·'ft represenu the first 3-trempt by a uuli­
tv to really go after energy efficiency." said Burrington.
. NEES will pay for the additional expense of desigNng

an energy-<:r'ficient he:lting and cooling system (or new
buildings. For e:usting buddings. the utility wlll replace
regular light .bulbs with energy-<:fficient bulbs whish use
one quarter or' the electricity and last ten times as long as
incandescent bulbs-aU at no COSt to the homeowner or
business.

Second is a more complex. but crucial bookk~ing
chanle. Previously, utilities, wrote orr investments ift
enerlY conservation as e:tpenses. The cost of conserva­
tion investmenu were applied for that year only. provid­
inc a lower rate of rerum tnan investments in new ge­
neration that were ratebased, or subject to lona-term
amortization.

!'lEES has worked OUt a cost-recovery deal with the uti­
lity commissions where conservauon in..'cstmenu can be
inc:luded In the ratebasc. canting interest on the in­
vestment equal to capital sunX in new generating capa­
city. As an additional carrot. the rateseuers are allowing
an extra return to be earned by the utility.

AJthoug.h Mltebasing eificienc:y measures has been tried
before. for example in Wisconsin. the New Ensiand case
is different because tbe cost-recovery pla.D is tailored to
~ncourage cost-effeaive merlY efficiency measures. ac­
cording to Burrington. In adelition. the utility commis­
sion has aarced to let the price per kilowatt to rise. mak­
ins up for the potential overall decrease in demand.

Suun Lmcoln 1$ d. r"DOfTer for Emmonment W..... sattlf
PUtJJlc6tlon to Th. Ener., Dal"'.
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Free
Home
Enerqy
Check

A few hiq~liqhts of Seattle City Light Company's •
conservat~on effort:

-In Seattle, the power company advertises its
proqrams extensively through bill inserts as
well ·as bus posters.

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

Free
High
Tech
Bulb
and
Shower
Nozzle

Fluorescent:
Technology
Break
Throughs

Cont:rac:t:or
Into

Zero
Int:erest:
Loan

Appliance
labels

-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 liqhting technoloqies. An
accompanying brochure explains in layman's terms
how the new technoloqies work, the long-term
cost savinqs and where more bulbs can be purchased.

-Recent technological developments allow
fluorescent: bulbs to be t:wist:ed. int:o small compact:
shapes. These are fitt:ed at the bot:tom with
electronic "ballast:s," which regulat. power flow
precisely. The entire unit screws into existing
home sockets. Gas vapor inside a 15 wat:t
fluorescent: bulb generat:es t:he same level of
illumination as the 60 watt: met:al filament of a
convent:ional incande.cent: model. New formulations
ot t:he bUlb'. inside phospbor coat:ing allow a more
pleasant, yellow t:inted ligbt t:han was previously
possible vit:h tluorescents.

-once an enerCJY audit has been performed, the
power cc.pany assists homeowners in finding
inde~dent contrac:t:ors t:hat vill install storm
windows and put insulation in ceilings, tloors and
valls. It is very co.-ol\ in Seattle to bave liquid
faa. tnaulation blown into valls through ...11
bal.. tbat are readily retilled. All work will" be
inspec:1:ed and warranted by the power company. The"
sta.ndaz'd pay-back period for insulation is five
yean, .fter vbich the bomeowner should sbow a
yearly net profit fro. his investaent. "

-The power cORP&"Y provid.s a s~tantial financing
incentive to eJo abead vith an insulation plan. It
aqr... to finance the project vith an interest tree
five year loan, or an iaediate 50t cash rebate.

A fn hiqhlieJhts fro. the Mus.c:huset:ts Electric
Company's conservati~n effort:

-The power coapany in 1990 vill be placing brieJbt
blue labels on efficient'appliances in retail show

•
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Free
Bulbs
for
Low income
Homes

Leasing
Efficient
Appliances

Geo­
Thermal
Climate
Control

Bonds
for
Old
Appliances

Long
Lasting
Security
Lights

Enerqy
Hotline
Line

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 enerqy effic~ent 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
conatant use and thus are pri.e candidates for
energy saving. Properly engineered bulbs not only
draw 1... power but can last up to. ten times as
long as conventional -edels.

A tew highlights ot SOuthern Calitornia Edison's
conservation effort:

-For many years Southern calitornia Edison has
sponsored a toll tree "Action Line· which otters
customers a wide range ot intormation on enerqy
conservation. The line handled nearly 140,000
inquiries in 1989.
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-Southern Calitornia Edison spent BOre than $3
million in 1989 airinq radio and TV spots teaturinq
Betty White and G.Jrqe Burns. They described the
ranq. of conservation proqrams available to utility
custom.rs.

-Southern California Edison also ott.rs cash to
customers who invest in new climate control
methods. For exam~le, it will provide up to $100
in reimbursem.nt tor .an evapor~tor cooler or a heat
pump.

-Southern California Edison provides incentives to
businesses with the flexibility to reduce power
usaqe durinq tim.sof qr.atest demand. Electrie
power consumption vari.s eonsiderably, dependinq on
time of day and y.ar. Ourinq hot summer afternoons
when there is intense business aetivity coupled
with hiqh air conditioner us., electrie systems
faee .normous burd.ns. Spreadinq power usaqe more

·ev.nly ean eliminate the n.ed for r.serv.
qeneratinq eapacity u.ed only to meet hiqh p.ak
demand. That means f.wer power plants.

-Southern CAlifornia Edison offers substantial
inc.ntives to arChitects for incorporatinq key
cons.rvation featur•• in th.ir plans. For .xampl.,
by adoptinq "dayliqhtinq" standarda,.desiqn.rs
maximize the a.ount of solar illumination available
to a buildinq, even in int.rior spac.s. This is
just one of a ho.t of con.ervation conc.pts best
applied when a .tructure is first built. The
biqqe.t and le••t co.tly enerqy .avinqs are
.chi.ved in this fa.hion. Energy specialists
frequently decry the "lo.t opportuniti.... inher.nt
in traditional construction .ethods.

-There are a larv. nUJll)er of st.ps that can be
taken to ·retrofit· older co...rcial and
industrial buildinqa .uch a. inatallinq low
elli••i vity windows. Th... windova are
adjustabl., allovinq vi.i~le liqht to pa.s
t:.bzo\MJb '*11. blocJd.nq h.at. Durinq the win~er th.y
caD be n8et to allow entry of acr. b.at. Motion·
...... au .t1U:'ft off li9hta after a· roo. ruai.na
UDaccup1ed fo~ • abort period. A central cli..te
oantz'Ol~ can abu'ply reduce inefficiencies
ncb ...1aul1:afteous b.at1"9 and coolinq in two
parts ot the ... builcUnq. (OUr own sear'. tower
has relied heavily on air conditioninq even durinq
the llid41e ot v1Dur). Installinq .pecially
arrayed .ilver coated l1qht reflectors enhance.
~ulb briqbtne•• 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 AdqUnistration, and operated
by Pacific Power & Light Company in Hood River, Oregon. This five-year, 120 million
research and demonstration project installed as many cost-justified energy-eonservation
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 pans. 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 supponing data collection, which began a year
before field activity staned 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 Nonhwesl utilities in securing
"conservation resources.-

This repon summarizes both elements. Topics discussed include the background and
objectives of HRCP, the Project's design and data resources, implementation and market­
ing effons, household panicipation in the Project, weatherization measures installed, l~els

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.

PROJECf DESIGN

HRCP was envisioned as a major research and demonstration project to provide infor­
mation on res~dential weatherization programs. Therefore, before field activities began,
substanti,al effon 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
e The maximum penetration of the program and of the recommended measures
• The effectiveness of different marketing ~pproaches

• 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 suned, with a
community assessment and baseline survey being conducted in early 1983.



A Regional Advisory Group. composed of regional energy experts representing di~e

int.erests. was established to guide the Project and to help maintain its research int~:

A Community Advisory Committee. made up of residents from different groups witt
Hood River. helped educate residents about HRCP and provided valuable feedback ab(

community concerns with the Project. Both groups were established before the ener
audits began.

PROJECT IMPLEMENTATION

Establishment and operation of the Project's field office, deliver\' of energy JudI:
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·founhs 0i tt
weatherization jobs were completed in the final year (1985).

Participants in special projects were recruited during the summer of 1983 The~

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 publIc::
resulted in many requests for participation, more than the Project staff were inltlall
prepared to handle.

Pacific Power & Light Company's (as well as Bonneville Power Administration's l cor

porate commitment to achieving l00~ participation was a key element in the; Project'
success. This commitment led to substantial autonomy. informality, and flexibility for tht
,Pacific Power & Light Company staff in Hood River. As a consequence. the star
developed a strong "can do" spirit of teamwork. In addition, th~ Regional Advisor\' GrouF
provided strong consensus support for the Project throughout ,its lifetime.

PARTICIPATlON

To achieve 100'10 panicipation among electrically heated homes. HRCP offered 3n
extensive package of weatherization measures, generally installed at no cost to the' house·
hold. The Project also offered "one-nop" convenience to participants; one phone call began
the entire process.

H RCP was a remarkably popular program. About 91 '10 of the' eligible h~useholds

received at least an energy audit; 8S~ of the homes had major measures installed by the
Project. During the fint three months of operation, more than one-fourth, or' the eligible
households signed up to participate (Fig: 5.1). This dramatic response is in stark contrast
to the panicipation rates normally obtained in residehtial weatherization programs. For
example, about 9~/year of the eligible householdS panicipated in the Bonneville Power
Administration's regionwide Residential' Weatherization Program during its first two
yean. The offer of free weatherization and effe<:tive marketing explain much' of the differ­
ence between response rates to HRCP and to other programs.

More than half the panicipants first leamed 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 imponant than newspaper anicles. radio, TV, or billboards.
The local weekly newspaper, cited by 28'. of the panicipants, 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 panicipation rates in other conservation programs.

viii



30

25

\I)

IU

::i 20
0
:t
IU
-'
~ 15
~

-'
IU

...
0 10
~

5

0
83Q3 83Q4 84Ql UQ2 UQ3 UQ4 UQl 8SQ2

AUDIT REQUEST DATE

Fir. 5.1. Houaebold sipupi for HRCP &om mid-I913, throucb mid-l~. By
the end of 1983. about 4ll". of the eligible housebolcb had uked ror aler'IY audits.

The few households that were eligible but did not panicipate (about 250 of the 3S00
eligible homes) differed somewhat from those that panicipated. Nonpanicipants were
more likely to live in single-family homes and to own their homes. Nonpanicipants also
had higher incomes and newer homes than did panicipants. 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 panicipa­
tion levels include:

• The offer of free' weatherization
• Determination on the pan of HRCP staff to enlist every eligible household
• The use of community-based marketiq approaches
• The reliance on extensive word-of-mouth c:pmmunic:ation among Hood River residents

(begun by the Project's solic,itation of households to panicipate in the special studies a
few months before HRCP officially began) • '

• 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
~voided 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. 5.2).

. Ceiling insulation, storm windows, caulking, door wcathemripping, 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 15'0 of the homes.

i."
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Fif. 5.2. Electricity aaviqt estimated by tbe eaerrr audits for rl!'CommeDd~

meuures, i.utalled &Dd Dot iAR&11ed.

Overall, 46'0 of the 15 measures theoretically available in the HRCP packag
installed, 45'0 of the measures were neither recommended nor installed, an~ only 9°

recommended but not installed (Fig. 5.3). Almost half (45%) of the barriers that pre
installation arose because the measure was already panially or fully in place. whic
dered funher installation cost-ineffective. Physical barriers accounted (or 31 07

0 :

noninstallations, noncompatible conditions for 19"0, customer concerns (or 4,"0, and
barriers for the remaining 2'4.

ELECfRICITY USE AND SAVINGS

HRCP performance wu assessed in two ways with resp«t to electricity use (Fig
One computed the actual elearicity savings caused by the Project's measures. The 5

approach examined post-HRCP levels of electricity use.
Postweatherization electricity use (1985/86) among panicipants was remarkabl)

averaging t~,OOO kWh/year, of which space heating accounted for less than 5000
Even in single-Camily homes that used electricity as ,their primary heating fuel (i.~.,

Htde wood), total and space-heating electricity uses averaged only 20,000 and 7000 I
respectively. This space-heating use is equivalent 'to 4.2 kWh/ft2 (2.6 Btu/ft:
heating-dqree day), which is less than the 5.6 kWh/ft2 observed in recently constr!
electrically heated single-Camily homes in the same cliniate zone. The low levels of :
HRCP electricity use were caused by a combination of low levels of pre-HRCP dectr
use and the HRCP measures. After weatherization, the HRCP homes used less electr
for space heating than did thepanicipanu in other weatherization programs in the
on a climate-adjusted basis.

Electricity use among HRCP panicipanu before the Project began (1982/83) was
than 19,000 kWh/year, below levels expected in Hood River and below typical It
observed throughout the Pacific Nonhwest at that time. For example, single-family he
used about 20,000 kWh/year in Hood River, compared with almost 25,000 k

lC
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Fif. 5.3. PerceDtaps of HRCP meuures rec01DlDeDCled ud Wca1led. Slightly
less than half the measures theoretically available in the Project'. -package- were
installed; on the other hand, 83" of the measures recmnmended during enertY 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 inc::reases in electricity prices; during the two
years preceding HRCP, real (corrected for inflation) electricity prices rose by 40'0 in
Hood River. Almost two-thirds of the panicipants used wood as their primary or supple­
mental heating fuel, probably because of increases in electricity prices and unempl~yment.

Use of wood reduced annual space-heating electricity use by as much as 6000 kWh per
wood-burning home. In addition, panicipation in prior conservation programs and grow­
ing public knowledge of how to save energy contributed to lower electriclty use. Some of
the lower usage reflects behavioral changes that, unlike the HIlCP measures, are revers­
ible. If electricity prices remain stable, households may relax their conservation behaviors,
which will effectively increase the HIlCP-induced savinp.

The reduction in electricity use .(pre-HIlCP minus post-HRCP; 1982/83 minus
1985/86) in weatherized homes averaged 2600. kWh/year (1S'" of preweatherization. use),
almost·entirely because of reductions in space heating. Multifamily homes, mobile homes,
and single-family homes that used electricity u their secondary heating f"el saved less
than the average (Table 5.1). On the other hand, sinIle-family homes that had not panicl­
pated in earlier weatherization programs saved 3050 kWh, much more than that saved by
the 1985 panicipants in the Bonneville Power Adminisu'ation's regionwide weatherization
program (2000 kWh). However, HRCP spent an average of Ss.400/house on measures
and program administration, compared with 12300 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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family bomn. '

The most important reason for HRCP's small savings was probably the 10.....
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 mer
comfon 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 t SOO kWh reduction 'associated with proponional savings
and electricity uses for space heating. Also, indoor temperatures increased slightl
average of 0.6- F after weatherization, which cut electricity savings by an additic
kWh/year.

LOAD REDUcnONS

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 O.S kW/house (about 10'.). Load reductions increase as
temperatures drop. The reduction for all-eleetric single.family homes was abou
the average reduction.

COSTS

The HRCP budget was 120 million, split between implementation and
Implementation cosu totaled 114 million. of which almost 80'lo was spent on in'
of weatherization measures. Energy audits cost S171.000. air-to-air heat exchan
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Table 5.1. Electricity savinp (or homes weatherized by IiRCP

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 S1.3 million, and administration (including marketing and
computer costs) totaled S1.6 million. Thus, administrative costs amounted to about 14'10 of
the costs of weatherization materials and installation.

The average cost of HRCP-installed measures, including administrative expenses, was
S44oo/house (exclusive of the air-to-air heat exchangers), of which the Project paid 99"0.
Only 10"0 of the households paid anything for measures; their average payment was 1430.

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 15 million. The largest cost
(almost S2 million) was for equipment to collect end-use load data from 320 Hood River
homes.

PROJECT ECONOMICS

.Assessments of the costs to achieve HRCP savinp (i.e., comparison of benefits and
costs) must be approached with caution because of the Project's research focus. These
resear:ch goals led to tests of the maximum number and extent of measures that were pos­
sible candidates for inclusion in future regi9na1 conservation programs. Ai expected, some
measures and program-design features were more costly than othen, so the total cost

.represents a. meld of measures and design charaeteriitics that include both ~winners". and
"losers." The data base establisJ'led by the Project allows energy plannen to estimate the
cost of saved energy for a range of alternative program designs.

HRCP economics can be considered from two penpectives. One is retrospective,
focuses on the measured electricity savinp, 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 ~/house,
equivalent to S1.70/annual kWh actual saving, substantially higher than the cost­

effectiveness limit (11.15/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 Counc:il as the cost limit for conservation pro­
grams. These calculations give no credit to HRCP for ina-eases in comfort and conve­
nience associated with less use of wood and warmer homes. Nor do the calculations
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STUDIES

to plan confidently for post-weatherization loads that are 6000 kWh below
estimates would allow a utility to avoid an equivalent commitment to new gen­

"!'~lttl'1l17 capacity. These planning savings were obtained in Hood River at an average cost
per single-family house heated primarily with electricity, or 3.7t/kWh.

HRCP's focus on providing high-quality information to support decisions about
residenti;al weatherization programs led to development of an extensive data base. These

turned out to be valuable for purposes that went beyond the original HRCP objec:
In fact, several additional studies were conducted that relied on these data:

• A random sample of 75 Hood River panicipants 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 extent 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 plaMing.)

• Results obtained with ~ 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 also be collected to assess the durabil­
ity of electricity savings produced by HRCP measures.

account for possible savings in transmission and distribution .costs because of reductions in
load at the time of system peak. Finally I 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

figures homes with little or no wood heat were 6000 kWh lower.
'-' """'\;''' did the decline in electricity use that occurred in Hood River (and

cornmunlitles) during the early 1980s, and given the reversibility of much of the sav­
be understandable reluctance to assume that such patterns can be sustained

indleflnitely without utility intervention. When predicting long-term system needs, utilities
independent customer actions that result collectively in large reductions in

use; this is one reason why utilities invest directly in customer conservation

In summary, HRCP demonstrated the feasibility of gaining nearly 100'10 participation
from eligible households in an aggressive weatherization program. Probably because of the
substantial financial incentives and the commitment to achieve high penetration rates, 85'1.
of the electrically heated homes installed most of the recommended measures. The
measured reductions in electricity use were substantially below initial expectations, pri-
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HRCP Facts, Figures, and Findings

.~ five-ve:.tr demonsrr:mon (t 983-1987), funded by Bonneville Power
Administr:ltion and run by Pacific Power & Light Companv. ioc'Jse~

on information needed for regional energy planning about resideml.ll
weatherization potentials.

.~lmed .It \\'e:lthenzin~ 1000/0 of electric-heat homes in Hood Ri,,'er 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 Compiiny,
:--latural Resources Defense Council, Northwest Power Planning
Council, ~orthwest Public Power Association, Pacific ~orthwest

Utilities Confe.em:e Committee, and othen.

Achieved almost complete participation:
9 t ~o of homes rc:celved energy audits,
85'0 of homes had major measures installed, and
panicipation even greater from renten and other hard-ta-reach

groups than from single-family homcownen.

Most (83'0) of the recommended measures were installed, accounting for
93'0 of estimated electricity savings.

Electricity savings (2600 kWh/year, lS" of pre-Project levels) were less
. than expected, primarily b,ecause pre-HRCP electricity. use was very
~w. .

Post-HRCP electricity' use amona primary-electric single-family homes
was very low, better than either typical new-home construction or
postweatherization levels achieved in ocher programs.

Project cost 120 million (7S" fieldwork azul 25" data and analysis);
weatherization costs averapd S4400 per boule.



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 t9805 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 compl~tion. 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 w.as largelv
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 CODlervatiOD measures

~1easure

Home energy audit

Ceiling insulation and
appropriate ventilation

Floor insulationb

Wall insulation

Cold and hot water pipe
insulation to water heater

Dehumidifien and air·to-air
heat exchangend

Clock thermostats

Duet insulation

Storm windows and thermal
replacement sash and llazins

Thermal doon and double-
I1azed sliding doon

Caulkins and weathenuippiq

Outlet and IWitebplate pIbu'

Heat pump COD,eniolm or
exiJrinl fW"ll.lCle 1'fIU1IA~

Electric water bater WT'IpI"

Low-Dow Ibowerbeada aDd otbcr
hot water Dow nplaton'

Target level

All electrically heated homes'

. R·49

R·38

R·tttoR·t9

R-3

~ required

Where applicable

Crawl space R· t t, attic R·30,
where applicable

Triple-sJuing

Where applicable

. Where applicable

Where applicable

Where appnpriate cmrfefttioaal
IDeaIW"eI C&DDOt be installed

1.-11

Source: Peach et aL (t914).
•Audits were pnMded to boma bated with DODelectric Nell,

primarily to maintain plOd relatiGm with the CIIIGUIlwUty.

*Includa iDIuIatioll or bat aDd cold water pipes, if UDder the
noar.

. 'Tbe:Ie four low-aJll IDeUW"eI were iDItalled by the auditor at
the time or the eDeI'IY audit or IOOIl there:aIter.
~ me&IW"eI were iILItalled oaly ill IpCCia1 c:im1""WlCel



APPENDIX Y

PRAIRIE ISLAND 1989 ANNUAL RADIOLOGICAL
ENVIRONMENTAL MONITORING BEPORT

Apr::" 27 I 1990

.,. N'COli" .... 11
'-4'MllOOIl5. '-41nnuot. SS4C 1.' 927
- .'Iononi !6' 2l 3JO·SSOO

Prairie Island Technical
Specification TS 6.7.C.:

U S Nuclear RegUlatory Commission
Attention: Document Control Desk
Washington, D C 20555

Prairie Island Nuclear Generating Plant
Docket No. 50-282 License No. DPR-42
Docket No. 50-306 License No. DPR-60

1989 Annual Ra4ioloqical Znvironmantal Konitorinq Report

In accordance with the Prairie Island Technical Specifications,
Appendix A to Operating License DPR-42 and DPR-60, we are
sUbmitting one copy of the Annual Radiological Environmental
Monitoring Report, covering the period January 1 through December
:31 of 1989.

RespectfUlly sUbmitted,

F . L. Fey, Jr., Manager
Nuclear Radiological Service.

Attachment



,4.0 RESULTS AND DISCUSSION

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

All results are surrmarized in Table 5.4 in a format reconrnended by the Nuclear
Regulatory Comn1ssion in Regulatory Guide 4.8. For each type of analysis of
each sampled medium, th1s table l1sts 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 atmospheric nuclear tests in 1989. The last
reported test was conducted on October 16, 1980 by the People t S Repub 11c
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 radioactivity in the envi ron­
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 {TlDst

Ambient radiation was measured in the general area of site boundary, at·
outer ring 4' .. 5 1111 distant from the Plant. at special interest are.as,
and at one control location. The means ranged from 15.7 ~/91 days at
inner' ring locations to 17.0 ~/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 ~/91 days. respectively); in 1980 (11.2
and 13.5 mR/91 days. respectively).; in 1981 (l3.0 and 14.5 mR/91 days,
respectively); in 1982 (12.0 and 13.0 mR/91 days. respectively),; in
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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 higher than the levels observed
in 1982 (0.026 pCi/m3 ), 1983 (0.023 pCi/m3 ), 1984 (0.024 pCi/m 3),
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 locations,1- 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 tiii stratosphere (Gold et .!l., 1964) •. It was pronounced
in 1981, occurred to a lesser ~egree 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 hi ghest 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 a~tiv1ty

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 Generating
Plant (Northern States Power Company, 1989).

Gamma spectroscopic analysis of quarterly. composi tes of ai r part i culate
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-Sa11h, 1955), was detected in all
samples. All other gamma-emitting isotopes were below thei r respective

. LLO 1imi ts •

Airborne Iodine

Weekly levels of airborne iodine-131 were below the lower limit of
detection (LLO) of 0.07 pCi/m3 in all samples.

9
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Iodine-131 results were below the detection limit of 1.0 pCi/l in all
samples.

Cs-137 results were below the LLD level of 15 pCill 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 Radiolog~cal 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. Iodine-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 limits. Gross beta averaged 7.5 pCi/1 and was
similar to the levels observed in 1979 (l0.5 pCi/1), 1980 (11.8 pCi/1),
1981 (l0.7 pCi/l) , 1982 (8.9 pCi/1), 1983 (8.0 pCi/1), 1984 (7.9 pCi/1),
1985 (7.1 pCi/l), 1986 (6.8 pCi/l), 1987 (7.9 pCi/l) and 1988 (S.O pCi/l).

River Water

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

River water was also analyzed for ganrna-emitting isotopes. A.ll gamma­
emitting isotopes were below their respective ·detection limits. There
w,s no indication of a plant effect.

Well Water

At the control well P-2S, Kinneman Farm and three indicator wells (P-S,
Conwnun1ty Center; polO, Lock and Dam No.3; and P-9, Plant Well No.2) no
tritium was detected above LLD level of 330 pCi/l in all samples.

Ganwna-emitt1ng isotopes were below the dete.ction limits in all sampl es.

'.

Special Well Water, Ground Water and Surface Water

At four additional wells {P-27, Nauer Residence; p·ZS, Perkins Residence;
P-29 jj Childs Residence; and P-6, Lock and Dam No.3 Well, no tritium was
detec'ted above LLD level of 190 pCi/l. At the well P-24d, Suter's Deep
Well, the level detected was 1430 pCi/l; at the well P-24s, Suter's Shallow
Well, the level detected was 1070 pCi/l; at the well P-26, Prairie Island·.
Training Center, the level detected was 300 pCi/l.

10



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 pC i /l .

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

Garrma-emitting isotopes 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 fiel d sampl ing personnel conducted a survey arid found that there was
no river water taken for irrigation into fields within 5 miles down stream
fOnT! 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 resul ts. There was no indi c­
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.
All galTllla-emitt1ng isotopes were below their respective LLOs. 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 sampl e (0 .077 pC1/9
dry weight) and one shoreline sediment sample (0.028 pCi/dry weight).

All other galTllla..emitting isotopes, except naturally-occurring potassium­
40, were below their respective LLOs. No plant effect was indicated.

11



5.0 TABLES

12



Ta.5.1 Sample collection and analysis program. 19,. Prairie Island •
---_._---

Collect ion Analysis
locations Type and Type and

Medium No. Codes (and Type)a Frequencyb FrequencyC

Ambient radiation 32 P-OIA - P-I0A C/Q Ambient gamma
(TlDs) P-OI8 - P-158

P-OIS - P-06S
P-OIC

Airborne particulates 5 P-l(C). P-2. C/W GO. GS (QC of
P-3. P-4. P-6 each location)

Airborne Iodine 5 P-l(C). P-2. P-3 C/W 1-131
P-4. P-6

Ml1k 5 P-16 to P-18. G/Hd 1-131. GS
.... P-25(C). P-14
w

River water 2 P-5(C). P-6 G/W GS(HC). H-3(QC)

Drinking water 1 P-ll G/W GB(HC). 1-13l(HC)
GS (HC). U-3 (QC)

Well water 4 P-25(C). P-6. G/Q H-3. 'GS
P-8. P-9

Edible cultivated 2 P-25(C). P-24 GtA 1-131
crops - leafy green
vegetables

Special Well Water J P-27. P-28.-P-29 G/Q H-3.GS

Special Ground Water J P-24d. P-24s. P-26 G/~1 11-3. GS
2 P-31. P-32 GtH 11-3. GS

Special Surface Water-- J P-33. P-34. P-35 G tl-3. GS
--------------- - --



Table 5.1. Sample collection and analysis program, 1989 (continued) Prairie Island

-----_._------------ -- ---------
Collect ion Analysis

locations Type and Type and----
Medl_ No. Codes (and Type)a Frequen'cyb FrequencyC

------ ------------

Edible cultivated 2 P-25(C), P-20 G/A GS
crops - corn

fish (one species 2 P-5(t), P-6 G/SA GS
edible portion)

Perlphyton or 2 P-5(C), P-6 G/SA GS
Invertebrates

.
BoU.. sedl.nt 2 P-5(C), P-6 G/SA GS

...-• Shoreline sedllM!nt 1 P-12 G/SA . GS

-------------------------
a location codes are defined In Table 5.2. Control stations are Indicated by (C). All other
b stattons are tndicators.

Collection type Is coded as follows: C/ • continuous, G/ • grab. Collection frequency is coded
as follows: W• weekly, H • MOnthly, Q• quarterly, SA • semi-annually, A a annually.

c Analysis type Is coded as follows: GB • gross beta, GS • gamma spectroscopy. H-J a tritium. I-IJI •
d Iodine 131. Analysis frequency 15 coded as follows: Me • .anthly composite, QC a quarterly composite.

Hilk Is collected biweekly during the grazing season (Hay - November) if milch animals are on pasture.



Table 5.2. Sampling locations. Prairie Island

Code

P-1
P-2
P-3
P-4
P-5
P-6
P-8
P-9
P-11
P-12
P-14
P-16
P-17
P-1S
P-20
P-24
P-24d
P-24s
P-25
P-26
P-27
P-2S
P-29
P-31
P-32
P-33
P-34
P-35
P-01A
P-02A
P-03A
P-04A
P-05A

'P-06A
P-07A
P-OSA
P-09A
P-10A
P-01B
P-02B

C

C

C

Name

Air Station P-1
Air station P-2
Air station P-3
Air station P-4
Upstream of Plant
Lock.' Dam #3 , Air Station P-6
Community Center
Plant Well #2
City of Red Wing

. Recreational Area
Gustafson Farm
Johnson Farm
Place Farm
Christensen Farm
River Irrigated Corn Field*
Highest D/Q Garden**
Suter's Deep Well
Suter's Shallow Well
Kinneman Farm
PINGP Training center
Nauer Residence
Perkins Residence
Childs Residence
Birch Lake Seepage No. 1
Birch Lake Seepage Noo 2
Pickerel Slough Noo 1
Duck Pond Noo 1
Refuge Slough
Property Line
Property Line
Property Line
Property Line
Property Line
Property Line
Property Line
Property Line

-Property Line
Property Line
Thomas Killian Residence
Roy Kinnaman Farm

Location

11.8 mi @ 316'/NW
o.5 mi @ 294' /WNW
O.S mi @ 3'13°/NW
0.4 mi @ 359°/N
1. 8 mi @ 11' /N
1.6 mi @ 129°/SE
1. 0 mi @ 321' /WNW
0.3 mi @ 306 0/NW
3.3 mi @ 158 0/SSE
3.0 mi @ 116 0/ESE
2.2 mi @ 173 0/SSE
2 . 6 mi @ 60 o/ENE
3.5 mi @ 25 0/NNE
3.7 mi @ 88°/E

0.6 mi @ 15S o/SSE
0.6 mi @ 15S o/SSE

11.1 mi @ 331 0/NNW
0.4 mi @ 25S o/WSW
0.9 mi @ 154 0/SSE
1.0 mi @ 152 ~/SSE

1. 2 mi @ 149 0/SSE
0.8 mi @ 169 0/SSE
007 mi @ 179°/S
1.4 mi @ 140 0/SE
0.4 mi @169 0/SSE
1.2 mi @ 140 0/SE
0.4 mi @ 359"/N
0.3 mi @ 10"/N
005 mi @ 183"/S
0.4 mi @ 204°/SSW
004 mi @ 225"/SW
o•4 mi @ 249" /WSW
004 mi @ 26S"/W
o•4 mi @ 291" /NNW
o07 mi @ 317" /NW
O. 5 mi @ 333" /NNW
407 mi @ 3SS"/N
4 0 8 mi @ 17" /NNE

• "C' 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 S.2. Samplinq locations. Prairie Island

Code Type'

P-03B
P-04B
P-OSB
P-06B
P-07B
P-08B
P-09B
P-10B
P-11B
P-12B
P-13B
P-14B
P':'lSB
P-01S
P-02S
P-03S
P-04S
P-05S
P-06S
P-01C

Name

Wayne Anderson Farm
Nelson Drive (Road)
County Road E and Coulee
William Houschildt Residence
Red Winq s~rvice Center
David Wnuk Residence
Hiqhway 19 South
Cannondale Farm
Wallace Weberq Farm
Roy Gerqen Farm
Thomas O'Rourke Farm
David J. Anderson Farm
Holst Farms
Federal Lock , Dam '3
Charles suter Residence
Carl Gustafson Farm
Richard Burt Residence
Kenney store
Earl Flynn Farm
Robert Kinneman Farm

Location

4.9 mi @ 46·/NE
4.2 mi @ 61·/ENE
4.1 mi @ 102·/ESE
4.4 mi @ 112·/ESE
4.7 mi @ 140·/SE
4.1 mi @ 16S·/SSE
4.2 mi @ 187·/S
4.9 mi @ 200·/SSW
4.S mi @ 221·/SW
4.S mi @ 247·/WSW
4.4 mi @ 270·/W
4.9 mi @ 306·/NW
4.2 mi @ 347·/NNW
1. 6 mi @ 129· /SE
0.6 mi @ 158·/SSE
2.2 mi @ 173·/S
2.0 mi @ 202·/SSW
2.0 mi @ 270·/W
2.5 mi @ 299·/WNW

11.1 mi @ 331·/NNW •
• "C" denotes control location. All other locations are indicators.
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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.

Sample

Thermoluminescent
Dosimeters (TLDs)

Mil k

.Air Particulates
and Charcoal

Air Particulates
and Cha reoa1

Air Particulates
and Charcoal

Collection Date
Analysis Location or Period

Ambient P-13B2nd Qtr. 1989
Radi ati on

1-131, Gamma P-17 07-05-89

Gr. beta P-3 07-24-89
1-131

Gr. beta P-2 08-22-89
1-131

Gr. beta P-S 09-25-89
1-131

17

Comments

Lost in the
field.

Samples not
available •

Improper
mounting.

Pump failure.

Lost in the
Field.
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Table 5.5 Special Well. Ground. and Surface Water Analysis.

Sample Description and" Concentration (pCi/l)

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 12-01-89 12-07-89 12-11-89 12-01-89

lab Code SPW-7691 SPW-7692 SPW-1820 SPW-1815 SPW-1816 SPW-1811

H-3 1430t140 1010t130 " 300tl00 <190 <190 <190

Nen "n-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 <1.8
Co-58 <2.0 <2.8 <4.4 <5.4 <2.5 <4.5
Co-60 <2.2 . <2.5 <4.1 <5.3 <2.8 <3.1
In-65 <4.9 <6.6 <14.6 <12.1 <5.2 <9.5
Ir-Nb-95 <2.1 <2.8 <5.3 <5.8 <3.0 <5.0
Cs-134 <2.1 <3.2 <6.5 <1.0 <2.2 <5.2
Cs-131 <2.1 <2.8 <5.2 <5.1 <3.0 <4.4
Ba-La-140 <3.2 . <3.1 <10.1 <9.9 <3.5 <1.5
Ce-144 <13.6 <26.9 <41.3 <43.5 <19.9 <30.9



Table 5.5 Special Well. Ground. and Surface Water Analysis (continued)

Sample Description and Concentration (pCi/l)

location P-3l P-32 P-33 P-34 P-35
Birch Birch Pickerel Duck Refuge

lake lake Slough Pond Slough
Seepage No. 1 Seepage No. 2 No.1 No.1

Date Collected 12-07-89 12-07-89 12-07-89 12-07-89 12-07-89

lab Code SPW-7813 SPW-7814 SPW-7818 SPW-7821 SPW-7822

"-3 820:t120 540:tll0 <190 <190 <190
N
0\

"n-54 <7.8 <4.9 <8.0 <5.5 <3.4
Fe-59 <13.~ <11.5 <15.9 <12.1 <7.5
Co-58 <7.0 <4.8 <7.6 <6.0 <3.5
Co-60 <7.0 <5.7 <7.2 <5.7 <3.0
In-65 <16.6 <13.9 <18.0 <11.1 <6.1
lr-Nb-95 . <7.8 <5.5 <8.4 <6.0 <3.9
C5-134 <8.1 <7.1 <9.1 <5.8 <3.0
C5-137 <7.7 <5.0 <8.4 <5.4 <3.5
Ba-la-140 <9.5 <10.6 <10.1 <6.1 <3.2
Ce-144 <59.1 <38.9 <65.1 <40.7 <29.4



APPENDIX V

Northern States Power Company

414 Nicollet Mall
Minneapolis. Minnesota 55401-1927
Telephone (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.O. 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 Impact Statement
and Safety Analysis Report:

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 year (Safety Analysis Report, August, 1990 at 7.5-1).
The nearest permanent resident for this bounding analysis was the
neares,t resident to the south of the Prairie Island Nucle,ar
Generating Plant. For comparison purpo~es the maximum annual dose
to' the nearest resident in the Community 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 in 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 year; 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 mrern
per year.

2. Best Estimate of Radiological Impacts from the ISFSI:

NSP I 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, rather 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, NSPagreed to provide best estimate analyses
showing calculations of radiological ef,fects 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 l5-year, rather than la-year, cooled fuel.



The second difference is the assumptions regarding cask shape and
the presence of a cover. In the bounding analysis a spherical cask
model was used for convenience in modeling. !n the best estimate
analyses a cylindrical cask model was used, which permits a more
accurate characterization of the radiation source. In 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 equivalents
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. I.t
is estimated smoking 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 ~f other exposures or risks which are undertaken routinely
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 radiati~n, 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 is also supported by the Internat'ional 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,redu~ed ten percent
(1Q%) •

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,

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

.~obert cupid-Environmental Quality Board
Gretchen Sabel-Environmental Quality Board
Richard Duncan,Esq.-Attorney for the Community
William Hardacker, Esq.-Attorney for the community



PRAIRIE ISLAND ISFSI
BEST ESTIMATE DOSE RATES

MAXIMUM DOSE VS. DISTANCE

Annual Dose (millirem/yr)
Distance with wood without wood
meters) attenuation attenuation

30 77.5 99.7

50 48.5 62.4

75 29.6 38.1

100 19.1 24.6

150 8.79 11.3

180 5.81 7.48

250 2.27 2.92

300 1.21 1.55

350 0.657 0.845

400 0.364 0.468

500 0.128 0.165

600 0.0443 0.0570

800 0.00601 0.00774



PRAIRIE ISLAND ISFSI DOSE RATE
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. TABLE 1-3 Averagc Annual Effeclive Dose Equivalent of Ionizing
Radiations 10 a Member of Ihe U.S. Population

"To ~o" tissucs.
"Dose etluivllient 10 bronchi fmm radon dali!hler products. The assumed wei!htin!- (actor

(or Ihe dfeclive dose equivalent relatj..e 10 whole-body uposure is 0.08.
< Dcparlmcnl of Energy (:Ieililles. smeher~. IranSl'mlatiun. etc.

SOUItCE: Nnliollal Council Oil It"dinlion Protection nnd Me3suremeniS (NCltPK7b).

Dose E'luiv:llent" .

11.39 39
0.14 14
IUO 10

II.Ill!'} 0.9
<11.111 <1.0
<11.111 <1.11
<lUll <1.0

Erreclive Do~e EquivOIknt

mSv %
-

2.0 SS
0.17 1I.0
0.28 8.0
0.39 II
3.0 112

0.39 II
0.14 4.0
0.10 3.11

<0.01 <11.3
<0.111 <U1I3
<0.111 <1I.0J
<11.01 <lUI)

0.63 18

3.6 11111

mrem

2.41111
27
28
39

24
11.27
0.28
0.39

mSv

N:tlulOll
ROIdoll"
Cmmic
TerreslriOlI
IniernOlI
TotOllllOllur:tl

Artificial
Medic:tl

~-lOIy di:I~lIo~i~

Nuclear medicine
Con~umer I'ruduct~

Other
Occul',,'ion,,1
Nuclear f\lel cycle
fallout
Mi~cellOlncou~"

Tol:lI01'lilicial

TOlal o;llIn,,1 and
artificial

Source

,
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loc:J"r :Jh!iorh~ ~rC}' of 0.62 MeV from the prolon and Ihe recoil nucleus.
rile Jailer re:lclion yields a 2.2-MeV gamma ray that, In general, deposits

':nerC}' at a distance from Ihe caplure site and Ihat :has a reasonable
probability of escaping altogether from a mass as large as a rodent. For
lhermal neutrons the I4N(II,p)I4C reaction is the major contributor of
thsorbed energy in tissue samples with a dimension of less than 1 cm
hec:luse of the short range «10 IJm) of the 0.5S-MeV proton. However,
lor larger masses of tissue (e.g., the human body), the 2.2-MeV gamma
I ays from the I H(II ..,)2H reaclion are a significant dose contributor.

In the spallation process the neutron-nucleus interaction results in the
fragmentation of the nucleus with the emission of several particles and
lIuclear fragments. The latter arc heavily ionIzing, so the local energy
dcposition can be high. Several neutrons and deexcitation gamma rays also
can be emilled, yielding energy carriers that escape local energy deposition..
rite spallalion process does not become significant until neutron energies

:Ire much greater than 20 MeV.
In summary, clastic and nonelastic scallering and the capture process

:lrehy far the most important reactions in tissue for neutrons in Ihe fission
energy range. Inelastic and noneJastic scattering begin at about 2.5 and 5
MeV, respectively, and become important at an energy o[about 10 MeV.
Ao; the neutron energy goes higher, nonclastic scattering and spallation
rcactions increase in importance, and elastic scattering becomcs of less
importance for energies greater than 20McV.

A new assessment of the average exposure of the U.S. population
10 ionizing rmliation has recently been made by the National Council on
Radiation Protection and Measurements (NCRPS7b); Six main radiation
sources were considered: natural radiation and radiation from the following
live man-made sources: occupational activities (radiation workers), nuclear
fucl produclion (power), consumer producls, miscellaneous environmenlal
sources, and medical uses.

For each source calegory, Ih~ colleC;:live effective dosc equivalcnt was
oblained from the product of the average per capita effective dose equiv­
alent received from that source and the estimated number of people so
cxposed. The average effective dose equivalent for I member of the U.S.
population was then calculated by dividing the collcctivc effcctivc dose
cl!uivalcnt value by the number of the U.S. population (230 million in
1980). As discussed below, the dose equivalent is de~ned as the product
of the absorbed dose, D, and the qua lily factor Q, which accounts for

diITerences in Ihe relative biological effectiveness or dUTerent Iypes or r3­
diation. The eITective dose equivalent relates Ihe dose-equivalent to rlslc.
For the case or partial body Irradiation, the eITectlve dose equivalent Is
the risk-weighted sum or the dose equivalents to the individually Irradiated
tissues.

As seen in 'Thble 1-3 and Figure 1-1, Ihrce or the six radiation sources,
hamely radiation from occupational activities, nuclear power production
(Ihe ruel cycle), and miscell3neous environmental sources (Including nuclc3r
weapons testing rallout), contribute negligibly to the average eITeclive dose
equivalent, i.e., less than 0.01 millislever~ (mSv)/year (1 [mremJlyear).

A total average annual effective dose equivalent of 3.6 mSv (YlO
mrem)/year to members of the U.S. population is contributed by the other
three sources: naturally occurring radiation, medical uses or radialion, and
radiation rrom consumer products. By rar the largest conlribution (82%)
io; made by natural sourcc.<;, two-thirds or which is caused by radon and ilS
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(?f Ihe' average radonconcentraliC?n, the distri~utlon of wdon IndOOTs in
the Un,itedStat'cs, and 'alplia-particle dosimetrY in lung tissue Is limited.
In addition, knowledge of the aclti:il erreclive dose equivalent Is poorly
quantilied. Furt~er uncertainties are caused by difficulties in combining
data for exposure from diITercrit sources that actually are from diITercnt
years, mainly from 1980 to 1983.

I)

CONSUMER
PRODUCTS 3'J.

OfllEn <l'J.

Occupllllonll 0.3%
Flllloul <0.3%
Nuclpar

rueI Cycle 0.17,
Miscpllllneous O,l'lC.

X rays 11%

NUCLEAR MEDICINE 47,

MOON 55'X.

..:..
INTE~NJ\l H'll.

linside
Humnn

I Body)

,
\
\,,,,,

, '
" '- ,\..- "- ".. .,:

leeay product". Approximalely equal conlribulions 10 Ihe olher one-Ihird
'orne hom cosmic radiation; leuestrlal radlalion, and inlernally deposhed
adionuclides. The importance of environmentalradon as Ihe largesl source
If human exposure has only recently been recognized.

The remaining 18% of the average annual effective dose equiva1cnl
onsislS of radialion from medical procedures (x-ray diagnosis, 11% and

I\udear medicine, 4%) and hom consumer.products (3%). The contribution
"y medical procedures is smaller than previously estimated. For consumer
proouclS, the chief contribulor is, again, radon in domestic water supplies,
:Ihhough building materials, mining, and agricuhural products as well as

burning also contribute. Smokers are additionally exposed to the
radionuclide polonium-210 in tobacco, resulting in the irradiation

region of the bronchial epithelium to a relatively high dose (up to
per year) that may cause an increased risk of lung c.-mcer (NCRPS4).

Uncertainlies exist In the data shown in Thble 1'-3. Uncertainties
from. some consumer produclS are greater than those for

from cosmic and terrestrial radiation sources. The estimates
imporlant exposure, that of lung tissue to radon and ils

produclS, have many associaled uncertainties. 'Current knowledge
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