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I./",,,",t Erpressed in Com""" urate UII't.
Wntrr r source lcvclopmcnt mny creato

both beneflcial lind adverse impacts on tho en-
nrenment. Because properties of tho environ-
mtnt are not commonly measured in corn-
men-urate units, it is difficult to evaluate tIll'
1M' environmental effects of 0 project and to
IUlkc trade offs in selecting among alternatives.
To "01\'e this trade ofT problem. 0 technique
.. developed to I rnnsform nil parameters into
tOnlmrll..;urntr units, This technique consists of
hl\"(" .t't('r~.
,trp I: Transforming parameter C'3timatl'8

.. to enrironmcntd quolity. At the present
e, th ....evaluntion of water resource projects
fh 1'{'''JlC'('t fa thrir impart on environmental

cr hl~' i~hased almost entirely on standard
I r ph)'.ic,,1 chemical aspects of the ~11\·o'On.
IDtnI In mt\n~' ca-o- the-e stundards An' repro-
DtM 8~ th(' upper coneentrntion limits or
urunm rnn(:tt's for !'d('('IM T'3fnmrtrr,: th:11

1f1 00 arrf'pfahlr to mnintnin some (it- mod
qualllv.'
The u (" of standards j!; impor1.11lt III :tomih·
tn Il nrl rnforrinR a de-:irt"d polln-, 11111 "wy
not a romplrtr tool for ('\-almlfll1ll. rn\"iron-

IDtnt II111alil~-, 1":"~nttll1y, rn\"ironmpntal f1u:tl..
" ,. 001 ronfinr<! 10 a h"o or " ~ood 'eale,

I rludf' :l ranj:tC'of \"niH

In Ihf. EE..~_ ('Iwimnmf'ntnl qU:1lih" i ddinf"d
• be followlnll. f:. ...hlOn. It I~ a \·:1luf' hf. W('tD

o llIrl I whne 0 oenote' extremely h"d q,,,ht,·
lid I <knot'" \'01'\' good qnaill)' When .nnron-

aI fflalih' i: df'finPd in thi ...W3\' ) I" POl:_
o arrollnt for any chan~~ that lmpron'

"""' " "nd are, th.refore, b,,"efie .. 1 'mpaet-
OQ the environment" I i.... abo po~..iblp to :1('-

~ r nanrinal de1t>rior:uion of th(' ell';ron-
'" bou wai ine nntil the ...13ndard i_

!lad>M <>rM:rl'l'dPd. .\ n additional brnrfi of
p r"" h " I"" r.......dting common lw
n 0 fip .. Imprat'lcr to romm Imlt

r mr tor

"" ..... ,. U
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526 DEE ET AL.: ENVIRONMENTAL EVALUATION SYSTEM

pr . <ed OS a ratio >0 and ~l. The process is
contmued betwe n the third and the second,
the fourth ond the third, and so forth. A
weighted Ii t of the cl m nts is the output
from this procedure.
In. read of u"ing the initial value resulting

from the caling procedure, an aggregate value
based On evernl iterations of the scaling tech-
nique i< preferred. After each iteration, the
participnnts are given selected information
about tho group values. This information can
inrludr the group mean and variance, or other
pertinent information. In the weighting pro-
cedure employed in this research, the partici-
p nts' menu value was given at the feedback
stage. All the scaling and feedback was per-
formed through Iorrnal feedback statements,
hereby avoiding undesirable direct interchange
of judgments between the individuals in the
tM [Miller, I 67; Pill,1971).
Because the weight developed for the EES

rt'pr('S('lIt tho relative importance within the
overall euvircnmentnl system, they should not
v ry from project to project once they have
been established by society. Further, if weights
weI'\' aUowed to vary from nroieet to project,
tilt' n~~i~nnJ('ntof wrights would be the respon-
.ibility of the in,·",tigating team. Essentially,
t' \('h team would han' their own special weights
dcpt'nthng on thetr views and background; thus
r,"nll, would hI' produced that would be ex-
t",mdy' diJhellll to rephcote.

1</, 3. Oblaill COlIlIlICmtlTaleullil.. In step
1 .\\rh "'t't tl!" p..1mUll'tE'r mfln!'i.urt'lUrn18 was
fl't!\trrl to all l:'nnrounu>.ntal quality !5cale be-
tw€('n 0 nnd I, and in step 2 each p..'uarneter
Wftl':.ll:-<...ilwed n relative importanr£'. The resul s
of both of th\'\'\' steJl'! nre combined in step 3
o obtam the desired eommen.surate units for
ennronmentnl impart trnde off's.
The EES i< u'ed by e"alualing the e'1JeCted

fu UI't' condition of,pm;ronmen a1 quality 'l\; h-
011 • Ihe projt't't and then 'with' the project.
The lormer ,,·nlll.tion .' nn e'1're",,;on of the
morltfi<'<lcur",U! eond.tion of the en"ironment
her, the latter., n e\-peeled (predieted;
t I~ltl",u ~f the em'lronulN,t with the ProllOSed
tf.' N{ll IIlfnt ~\ d,tTrrt'nr{' 10 rn-ironm{'ntal im.
""el UUlt, (EW) betwt't'n thCc'Ctwo conditions
ron' .tll .' either an adwl'>e (I"", in Ell ) ~r
belldl",,1 l~'\in III Ell") III1""ct ;\Ialhema i-

ralh lh,< p ......." m ). be repre'enled '"

m

L (Vi),Wi
j-I

m

L (Vi)'Wi
i-I

( 1)

where

E
"

environmental impact;
(Vi)l, value in environmental quality of parnm-

eter i with a project i
(V. h, value in environmental quality of param-

eter i without a project;
Wi, relative weight (importance) of parameter

ij
m, total number of parameters.

IVarning System

It is important for a development agency to
know if any 'fragile' elements of the environ-
ment would be disturbed by a given project
development. Unfortunately these fragile ele-
ments change from project to project, and there
is no special formula to identify them ill gen-
eral. Thus each parameter in the EES must be
considered a potential fragile element tbat could,
for some project, be crucial in determining the
magnitude and significance of the overall on-
vironrnental impact.
The approach used to identify these potential

problem areas is to key out with red flags
parameters that change significantly in the ad-
verse direction. These red flags are measured
by percentage changes in the environmcntal
quality of a parameter without and with 1\ pro-
pOl;ed project.
It must be reemphasized that a red flag I

only a warning, not fin ab80lute dt'fioition of a
problem. After a red flag is identified, the devel-
opmental agency must investigate the potential
problem area in detail to determine whether or
not a problem exists. All red nags are treated
with equal importunee. To differentiate be-
tween tbe magnitude of tbe potential problem
both. minor and a major red nag are u-ed.

~

I[
!'
IL

COXTEKT OF THE EN\"lRO~:MtXTAL

EVALUATIOX YSTEM

,rater r~ource de,-elopment has imp...'\('t~ on
both the plm;ical nnd the sacinl em'.ronments.
For this r~8on elwironmC'nt, as u..e<t in the
££S. Wa> defined to include Ihe four cat~OI1C"
of erolotty, en\'ironmental pollution, ,tm-Ii
and hllmnn interC't [Dee, 1971; lI'hilrnall and
Dee, 1971].
Ecology eO"ers the speetrum of un""e! on

tbe Ih;n~ 8l,tem element~ in the ru tUf:11 eu-
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PEIIlCENT OF CARAYING CAPACITY BASED

ON ANIMAl UNITS

Fig, 4. Browsers and grazers.

vi~onme~t. Emphnai is on both plant and
a?lma! life III both terrestrial and aquatic en-
v.lronment . It address the question of spe-
oles di tribution and the broader question of
peciea. in erac ion in communities and habitats.
Environmental pollution i the classical con-

text in which he environment is viewed. It
COH';' the spectrum of impacts on physical and
th~mJcal .a peets of the air, land, water, and
nOI..., envrronments.
Esthetic relates the sensory impacts of con-

struction and land use that may result as n
pliTt of water .quality improvement projects.
It includes indirect vi ua! impact on natural
. ling><(air. land. and water) and direct vi ual
irnpaet of man-made structures.
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Fig, 6. Food web index.

Human interest relates to impacts on ele-
ments of the environment that influence peoples'
cultural or emotional behavior or overall life
patterns.
These four categories are further broken down

into 18 components (only 17 are used in the
quantifiable aspects of the EES) and 7 param-
eters. The entire system is shown in Figure 3.
The numbers appearing in Figure 3 refer to

he relative importance of each parnmeter in
tbe EES as measured in PIU. These weights
relate to the parameters and, therefore, it is
possible to compare parameter importance by
using their PIU. However, to compare the im-
portance of the categories and the components,
it is necessary to use average PIU per group-
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Fig. 7. Basin hydrologic loss.
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",d of total units beeau °e of the dlffer-
... mber of parameters III each cat<'Jl;ory
rnponent.

rtt 10 t nrameters listed 111 thr El~ '"('('01
rmlar 11) natur , uch as turbrduv (\\ftlrr

JOnl and t h appearance of water (1':1' r
1ll11io1l~1.but the' do not eonsutute dupllCatr

rrmrn of environmental impact J-A('h
C>1~rv .. u ed to evaluate the p.,..meh r

Ih bv using different cntcna I wa
( m n organuaucnal vlrwpomt to I
IJIr mt' (,N' rather th:m to h~fone param-

10 define aU pos-rble II1trra<tlOl
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UAl,..ITY Of CONSTRUCTION AND DESIGN
C.ONSONANC WITH NATU'f"""L'_-:..., '0

>~
- oe~•,
0

0.'~•~
%~ 0_~
%
0

~
> 0'%~

'0

>
~ O.-•~
o

-•~
Z

~ 04f""----t-~7"'-T-:r--_j•o..
• 02+::;'-O""'---!-7"'--j------j~

o -"::::::---+:==:-+=:;;--;;;-1HIGH MODERoll[ SPARSE TO
Q(NSlTY NUMBER NON[

O(NSIT'f 0' MAN·l1li"0( snwervlllES
llUl\,.OINGS. "OADS. illlp·iIIAp, OI."'S, TRANS·
MISSION lIN[S. CONSTRUCTION SCAAS, ETC. I

F,. 12 Mnn-rnnde object s.

the EES '< Ilph~tl in th planning process,
1\ r 'l~lb'l~k loop i< u...d to continually modify
tht, propo-ed projee through sucee ive itera-
non of the developrnen process. Projects do-
'dnrt'd "Ilh the ·"tonee of the EES would be
" l""'trd not only 10 ovoid od"N"" environ-
tn"nt I IIIlp-""l. but to Improve selected por-
non of th~ Nl\'ironmen
In u..wg: thl'.E to perform nn f'lwiron-

m 'ut 1 nn \h "''', It 10/ n('('r~"'arv to ron'id£'r fOUT
rlNurnt (I th., boundnrlr' or th" onnlpi>,
(Z) th mttl"Uf{,IIl('ut dl n. (:i) rn\lronm('ntnl
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Fig, 14. Mood/atmosphere.

impact unit. for oil parameters, and (4) red
Aog for oil parameters,

Boundaries of the Analysis

Boundaries are used in a broad context to
denote (1) th~ developer's responsrbrhty and
(2) spatial and temporal consideration"
Developer's responsibility, To evaluate ,""

impacts of a water resource project. som
guidelines must be se to determine where I""
developer's responsibility end, and 01"""
begin, Two kinds of impacts rult from w.t r
r""ouree projccts: (I) const mellon ItnJ"'r~
rpolultlllP; from ph\'~icAI changr .. m:lde 10 t
t'nvironment by a ~developing agency In build-
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>~ oa:;
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a projrrt and (2) use imparts rrsul(jn~
rrmn II'-ln~ project sites, r frolll u....infl; pro] ('I

lin (e fl;., water or pOWN). Til (' two
of Illlpn('l~ mnr b nod d"rol1y or m-

Ily to Ihe project. For purposes of re-
I ,bobt)', the developer should be rO!'ponHblc
I II unpscts xcept from indirect u-es of
I project.
\\'1 II the developer eoustructs a project, he
'J'O"'I' brings about such physical chaugos
lDO\m(r; earth, clearing trees. storing water,
Iling rivers, lining chnunels, and erecting

nl(' ures. Any envircumentnl impact resulting
I such physical changes i. defined as a

construction impact and should be re-
I'd bl' an E ovnluation,
In the con..truction of a project. rcrtttin

I chango occur in the snvironment ,
btr prrdn-tablv or uupredietahlv, t hnl arc

ht.1 10 the purpose of the project ,u h
includo increased vnpomucn rat ,
an nvcr tompernturc, reduced stream ..

dU\hlt in flywur pattern of mlfl;fa1otj'

and d"crt'n. '. III the number of aqunt"
\n\" t>nnronm(>ntal impac n ultmll;

lrh php.!cnl chnl1~ 1'" dl'fim'd "I( nn
ron4l:tMid Ion Impart, whl(>h hould nl:'O
trd In ('\"ltlunllono;c ronrlllC't<'d Wit h 1br.

)

.,1Id

d<!l
f,

~

i
!

tlfre development L<i'olway raf~
I h "l'K"Cifir \I ef"l or lX'nffin:HI~
lifted. Th~(' may be U!l('r or " ...tf'r,

<r othrr a pe<'1< of Ihe projcr1. Oft~h.
ptlW T, or other project J'("i'OHfC'("S art"

• b way that rerulc in em;ronmf'D aJ
Amon Ih..., imp:lcL arc: elfE'C!
lJonaI ~-e of impouncful<,oL, .-ffec1

by u"'''' of agncultural "'ate'" l"Ueb
hOI y re1urn 80""), aod 11K- elfec.
able d "e1opmeo arouod """n-..r

en (.. Irb I'f'f'reftllon .~ \BotKin

"""""'0' -. and mo ) If..-. r or
• .. o!· d'" ed for I~ d clop-
01a ...... iod • ""I paut, urhao tOUlprx

po en W polhll. ,hen'~ 1m •
oo.'t'I pm",,' "",,del al! II In

• n Th IM-re Ih.. of pro
to ~n\1rDmtn aJ « t
rl'd 10 be "'" tIt1~'
be rtII ed 10 T .. loa·
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532 DEE ET AL.: ENVIRONMENTAL EVALUATION SYSTEM

r pon ibility nnd patinl and tempornl eon-
Iff "1\ ion. This timate is u. d in the value
(uneti n. to de 'min nvironmental quality.

B""lronm ntallmp(J(;t Unit' lor All Parameters
Th dlfferenee betw n the 'with' nod 'with-

out' a proj et i d fined a the environmental
Ifup c . This Impae can be adverse in nature
(I , in El U) Or beneficial in nntur (gain
III :El l.
To obtain either he with or the without

ev III bon in EIU, it is neee ry to deter-
nun the ElU (or each pecific parameter and
th 0 tn 11mO"Cr II 1 parameters. An im-
puc e"muallon is d tennined by using equa-
Ion 1 In the (ormulation u d, a negative (_)
.hanllt' IOd. t" an adverse nvironmental im-
I"e and a posinve (+) indicat a beneficial
unpac •

It,d Fiaq.

Prohl rn rt and da a gap' in any proposed
I" J' r ke'ed In the E bv the lise of
",<I R Iil' EI ment. of the envirocment tba
lilly be • nlJieantl· ebunged in an ad,-crse
dlf\'\·tJ u are rt'pr entPd fu5 either a mmor or
mlJ , rW RI Thl'>e I"\'dBugs mdicate wbere

I d' .\~rd IOv tlgation 1< nc -s ry. In art ,
It ' .... the", Are ,th, no d ta or only qllaJita-
t,,, I a, ....<1 11-1 a", 1< ""ed 0 indicate
,I 3 H

r" If fill '"-ed to d termme If a neflt\ in
h n III por m ter COl '!ttut", a red flag
nd th t 'of BaR lba bould be IISed' eh
r h rule., based on a change in the
1I\ I IlIU<nal quah y of A parameter a, mea-
<ured b' be en of dilIel"\'Oee be ween the
w, h and WI!lou emlualions. Tbe percent
e ",eaJuled.

= withou EIU- with En;
withou EIU (2)

pa me er< be lalloWlng ruI""

be r 110... rill,

Rule 3: Minor /l.aq. The negative chang
between the with and without environm ntal
quality is ~O.l in absolute value. Thi chonge
in percent is <30.
Rule 4: Major flag. The negative chang

be ween the with and without environm ntal
quality is ~O.l in absolute value, Thi change
in percent is ~ 30.
These rules were determined by on analy t.,

of the sensitivity of various parameters to
change and tbe significance of the change as
detennined from tbe field test described in the
next section of this paper. Because these fides
are based on a small sam pie, further tests are
necessary to substantiate tbem. The broad
nature of the ecology category is the primary
reason for the differentiation in the red Bag
rules. Field tests indicated that a small cbangt
in the ecology parameters was comparable in
impact to larger changes in all other pa-
mmeters.

FlEW TESTING OF THE ENVIRONMENTAL

EVAL ATION l'STEM

Field tests were conducted to modtfy and
reline the EES. The are., selected for the field
test wa tbe Bear River project in Ctab,
Idabo. and Wyoming operated by the Bureau
01 Reclamation.

in

Description 0/ the Bear River IIStflll

Bear River IS the larg t rinr III the COl ed
~ trs tha has no outlet to tbe ocean. It head-
waters nre in Utah, high in tbe {;inta )1000-

tains. and it Bows northward cl'lki8ing the • a e
hnes of Wyorning and Idabo until it reae

a ~prings, Idaho. It then re"erEeS ill! north-
ern course and 1I0ws sollthward ending III

Grea t Lake. Altbough the ri,-er IS

miles long, tbe dis anee between' < bead.'.. t
and i tenninus in lbe Great I Lake 18 ooIy
abou 90 air miles.
Be"r River W8 er i, pres ntly \L.-ed ~

irri tion, b 'droelectri power, munlripaJ
indu., nal water cupply, and m3JntNlan<'C
the Bear R"'er )Itgratof)- BIrd RduRe
',lIer n al"\' upphed b ' """',.. o,rs b ,.
ou tbe ,,-s em Tbe ,,'erBllc annual 60..-

• and ttbe beadwatere IS Abou 130, ac I
i/oII' 8 Connne, r- ah, near (he Grea
LaKe, .< abou 1 million acre-I""

J>I

•
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do Narrow dudy Arro

a... use u primary objective of the J'('.<earh
10 field test th E and not to eondUTt

I IUlplrt(' cnvironm ntnl impact nn:lly I~ of
tho Ihr River, only porti ns of 1he Be .. River

Ill\'(' li~ated III detail. Oneida arrow.
d('dl'd a~ one area of investigation.

n Ouelda Narrows segment of the Boar
RI\ r proj t would provide n 435,000 ac ft

nOIT formed by n 315-foot dam. The pro-
f 11"" rvoir would extend 32 river milt'S

• ...om from the darn and would inundate
eu-nng hydroelectric dam (30,000 kw) and

1400 acres of irrigated land. The stored
r would be distributed by gravrty Row
I~h a i5-mlle canal to other valleys for

TABLE I

1\J",

rttr ttl

Parameter W,th (1m IWeiRh (PI
:--------

and poPlllalioM
Bro.. n nd grazers 14

14
14h

ttl and commnniu
Ili ('naracteN tiC1J

TWQtUnenlal pollnt ion
al....plllut;"n
IIooin hyd rolo~c 1_
ft icaloxv~ndemand -~-
DioooI..,,) 0 '8"0,II

oW variation
lure
solved hda

12

20
2,j

31
18

6
16

10

n
15

ntifir

U
II
II

13
1

"

14 nO
, J4
5 7.

o ,
I 1
41

14

•
6 i2

11 J
100

Ii
I

1\1111

'lllH
720
19 32
420

14 ;.0

1;0
432

--G
-I

3 10 4J1l -I

7
o -I

;
2 i
2

117
- 71

1 11 1
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rr E~'IJl()N~E"TAL EVALUATIONSVSTEM

npil'\iillmntll I,lIII:lCl;'" -/ 1MOAcida table is a list of the red B,~
project,

0ne,,1a Nar-
btoeJirial and

Z Ilta occurred
m T.ble l.
m Ell: calculated

t bit 2, Included in
lie mformation or
! ell by a reliable--_..._..
to a quantifiable
uI m the deter-

btltfore. included
irldlllll<!d 10 the summary

SuMMAR!

The EES is useful as an
mination of environment~
resource development prole
ever, be used with cautioD, anr
and should not become, m
perform evaluations.
The system of paramel"

and weights given in Ims1""'
ing point in environmental
must be improved as the ~.,.

f f. ' • ummary (or Oneida. Narrows: Value of Impact inEI

Quantitative Change QU8Ii~1
CIwJi'
&timstIVl'thout Project Differencenb Project

0 -I
96

201 -6

60 -4

66 -17

96
J •

49
-I-274~ _____

FI Proble., N mber of Red ags, ___

~
~~~~~~~~~I~r~O~n~e:id:a.:..N:::a:.:rr.:..ow_s_, _-:u==~ Problem Aress

~
Mlilor ---------

.~~:-_-=--;::::~c~o:m~po~n~ei.nt~ ~oo :
: d population.

N>i'1f!! 80 'tOes 2
I ,....- d communi I
H.b,la!! an 2 0

W.ter pollution ~:
If pollntlOl,' 0

LAnd pollull,on 0
So pollutIOn J 0

1 0
o 0
o 0
o I

o 0
o 0
o 0
o I
1 1
2

396
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