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The following navrative weport donstitufes the intwiin zepors
required under Conktract WNo. 1412«420 betwesn &ne Uaiwvercity ol Vasliipeoa
and ghe Federval Water Pollution Control Adulaistration,

I. Basic Phvsical and Biclonical Chavacternistics of et Sounnd,

(o]

The major effork o date in this field has beseun the écmpilat on
of zelectiive biblfographies of published and umpublished material <dcalilty
with the physical and blologicel characteristice of Puget Sound that beiv
on zhe potential impact of water quality degrada®fion. A compilsiiion cf
material bearing on the physical characteristics of the Pruget Scund
estuarine system has been developed by Dr. Czorge Aunderson. This hes e
a tedious process since the eggregate quanilty of wsaterisl zrelevan? ¢c

the study in unpublished form 48 very substantial, and had o be ascesiled
largely by personnel interview, This aspect of the study is now complete
and snalysis of the material as fudicated in the project proposzal and in’

the work plan 13 now underway.

II. The Pigheries

Specisl atteation has cegtered on the state of kaowledge aboug tha
fisheries since it is appsreaf: that dameges to the valuable §ish and zhellfish
!
etocks of Puget Sound constitute the greatest prezeat and poteatial threast
from pollution., A twenty4three page suunary of thé literalsre on waiux
quality problems relating to fieh.and‘fisheries in Puget Sound hos beon

prepared by Dr. Katz., The following magterial is now avallable in cempleted

fo;@ed'ﬁa ennotated bibliography of the ecology of she salmonids in Pugel

. i

&

Sound eskuaries is now available. This is probably the most complete
bibliography yet compiled on the migration end abundsnce of young szimon,
mligration and spawning density of adule¢ salmon, types and sources of

pollutants and the effects of &oxic substances oa salmonids and associated
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faynd in estusrics. 1t is am cutgrouth of a major study that hes heen
urdetWay since June, 1665 under the auspices of the Fisheries Rescauch

, [
Tnstitute, UYniversity of Washington. Tables showing landings of all

cOmmatcig}/fish landings takea from Puget Sound watexs have been cemziled,

~ 4
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Thoge data aze derived frem annual statictical summavies of the State
Depactuent of Fisheries, but have been rcfined ko dotineate catches agtually

oviginating in Puget Sound. State data ore crganized by area of landing

¢

Lt

rather than by area in which £ish were 2ctually takep. Fortunazely, £o
the overwhelmingly important salmon Zichexry additional information is
available whiéh'permits us to segregate the iandings by subarea in which.
the £ish were taken.

A summarj of gaps in existing koowledge of the salmon s techks and
of the fisheriesvﬁhaﬁ czploit them has been prepared. This jncludes critical
information reguiremenis in bo*h the biology of &the salmo;iﬂ;u and ia
atatistiif relating to fishing effort snd erea distribution of fishinrg
effort. Fovecasts of the zagnitude of the salmon stocks and of the yield
from the salmon Fisheries Zor the years 1975 end 1880 have been prepared.

These relate to physical magnitudes only. Subseguent worlk will also project

~

¢rends in real prices of Puget Sound fish chrough the same dates,

A survey of the litezature on thermal effects from power generation
on the mevine environmenl has been completcd,' This is the first step in
a de=ailed analysis of the poteatial impact of nuclear powex planta on
gpecific areas of Puget Sound., The impending shift of Borthwest power
to basic thermal generation, with the Colugbia River gystem used as a'peaking
mechanism, accentuates the urgeacy of this work, Obviocusly, it cannot be ;

|
completed within the term of this study but i being carried oz 3s part of f

a larger project at the University of Wasﬁingnon.



| S

~

o

'?I*FW?
»

3
The impact of heated dischargns oa merime life in Pugez Sound

is complicated tremendcusly by the diversity of loccal situaticns o bz

N

faced, It is distinctly possible that such discharges may be of coaciderable

economic and envircnmental bemefit in some areas of Puget Souad, narticularly

vzluable shellfish, They may also havc beneficial effects for some types of
vrecreational use. There are, however, other aveas where disturbances of &
distinctly negaéive character may occur. Thus, though the oversll heal

sink capacity of Puget Sound is obvicusly sufficient to absoxb vastly greﬂter
amounts of surplus heat than any likely number of nuclear pewer plants could
provide, specific locatzons wust be snalyzed ia do.awl ard 8 widae raoze of
benefits aad costs must be evaluated.

A separate University of Washiugton team, including biclegis
agineers, and economists, is initiating a study 6f this broader type, and
while conclusions will not be fovthcoming by the terminal date of thie
project:, the general cutlines of the prcblem should be well ectablished.

A disc"ipzlon of the existing shellfish beds on public lands on
Puget Soumd has been completed and analysis of all shelifish stocle of Puged
Sound is neazing completicn. This includes the location and exteat of beth

°

vecrez.tional and commercial shellfish arceas.

Current and historical data on sport fishing activity in Puget Souad
by subarea have been completed and suwmarized in tabular form. Prelimirary
pzojectiona of the demand for wecreational Zishimg within the Scuad to 1580
have also been completed, although these will be further #a2fined as the

results of a study now being conducted joinitly by the State Department cf

Pisheries end the University of Washington become availlable.
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In the pasgt, the cttentlon of saltwatex sport fishermen has been -

concentrated almost entlirely on salmon; there are also minor

fishexies for sea~run cutthroat trout and for steelhead jn a few arcas

wvhere they can be wtaken by trolliag or casting from the shore. Steelhead

are aleo taken in all of the rivers tributary to Puge? Sound from tide
water on up. A detailed analysis of the present chpositicn of the gport
fishery has been completed, end &his = coupled wizth our Forecast fog the
availability pf the major species ~ suggests thet a growing populaticn will
put impossibie pressure oa these preferred species unlese rationing by higher
fees or some other techrique is imposed., Otherwise the rationing is.likely
to be achiaeved by a continued sreduction in the pleasure derived from gportT
fishing because of congestion and decliniug catches per angler day. Foi
these reascns, it is asnticipaged that the sbundant bottomfish r esources of
Puget Sound, nowr baregly touched by sport fishexmen encept on a casual or inter=
wmittent basic, may become a highly valusble recreational asset. This pattern.
haa been clearly evident in the intensive salt water sport fisheries oé Southezrn
Californie and Oregon, and it suggests the aseed for caveful atteation to the
impact of water quality on these spacies as well as on the presently valuable -
gport f£ish.

The mose obviocus gap facing the study team with respect to fisherles
is the inability %o quantify functional relaticns between recelvieg water
quaiity and the yield of useful commercial and recreationsal species. In
part this reflects the tremendous complexity of the prircipal speciecs involved.
It 15 quite impossible, with present knowledge, to separate the effects of
Avoremental changes §n water qualiecy from those avising from the dozems of
other enviromnmental fac&ors influencing ehe”productivicy of the salwmon stocks,
Even less ia known about the potential indirect impact of water quality

degredation oa theioutput of wseful species through effects on one or more

elements in the food web upon which the productivity of the stocks rest.

e,
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It is not expected that auswers ko these problems will be forthcemiog by .
completion of this stisdy. We do expect, houwever, &oO {ndicate with
considerable greater precision the nature of the information required €O
reach appropriate public policy decisions eand &o formulate priorit;as for
further resesrche |
111. Other Outdoor Recxeaticn :

Work ia broceediné on estimates of physical use rates £ox oétdoor
recreation on Puget Sound other than sport £ishing. of thege the most
important is boating. Current data and projections go 1930 axe availzble
for veesels.subjeca ko éoaa& Guard licensing requirements; i.e., vessels
sixteen feet or more in length or carzying motors of ten horsepower OY mora.
Data from another survey {nciuding boats of all sizes ave being analyzed €0
preparé supplenmentary estimates and forecasts for boats uader legal ree
gistration size.

Two other types of outdoor recreation directly dependent on use of
Puget Sound wagers and affected by water quality ave gouba diving and wakeT
gkiing, both of which are groving Tapidly. Siance these aports iavolve
direct water contact, aswally in inshore areas, they raise the possibilicy of
a threat ko health in s0me 8rCE08. Bogh sports have becn actively persued Yor
goma time in the wazmer bays and inlets of Puget Sound. 1In yvecent years both
have gzowm spectacularly with the adoption of wet suits that perult enjoyment
of the activities even along the more open shores of Puget Sound wheTe water
temperaluges ave much colder throughout the summelo 1¢ is vitally impossible
to degermine the mwiber of usex days invoived, but effores ara being conzinued

: l
¢o derive some quaszitative measures of the importance of these water wsages.

- : '
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Mach the scme difficulty is encovatered in deriving quaantitative

catimates of the importance of Puget Sound as & gource qf genezal reevestion.
Taformetion has been assembled cummarizing user days fn the ealt waier narie
of the State of Washington, but gince the amount of wuatecrfront dreperiy,
including beach locations, in private hends, is much greater than thaz vaoder
public owaership, no meaningful estimate of total uper days iovolved jfu hiking,
beach picnics, ead othex generalized besch activities can be detcrmkneéa Ie
i3 an obvious adjunct of the recreational howe booa arcund Fuget Scund, &od
cuch of the value associatied witi this water usage ig incorporated in the
very high prices of beach lots and of property with access to the beach.
Analysis of the extent of Puget Sound's contiribution €o wildfowl
{including adjacent fresh and brackish wetland areas) will be started this
wmonth. Most of the relevant daia was assembled by the Principal Investigator
for an earlier study and merely requires updating. We will also draw oa an
ca-golng dcﬁdy of the economic value of ducks ia the Pacific flyuay under

¢he dizvection of Dy, Gaxdner Brown of the University of Washingten.

1V, ﬁh’iogiﬁg

Professor Francis Bartlett is conducting a fileld investiga®ion of

{aterested indsatry persoanel regarding future paths of developzene for

port and shipping activities in Puget Sound, Although adequate deta are
available on preseat patterns of use, the face that Puget Scund cffers the
sitec oa the Pacific Coast capable of handling supertankers and othex large
bulk cargo carriers raises ths possibility of a radically differvent sel of
requirements. The choice of locations for ncw facilities capable of
handling these vessels msst be integrated with competing uses of Che Svuad
in che area, particularly those involving culdoor recreation and esthetl
censiderations., The zTecent: ﬁumult over propocals to locate a petroleun
tefineﬁg aﬁ'Kayak.?oinc and a@ glunioum plant on Guemes Island illusyrate the

kinds of conflicts that will arise if major receiving facilitles for butk

’

| o,
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cerriers are imposed on recreational and residentlal areas vhere access
to the water and unobstructed - views are a prime value factor. Coasideration
is also being gioen the appiicability to Puget Sound of preliminary work
on offshore facilities for large vessels that might obviate gome of these
diffiiculties.

The likelihood qf incireasing traffic involving huge ligrid cérgo
carviers cobviously increases the potential danger frowm accidentel spilic.

The real denger in Puget Sound is obvicus, although it sheculd be noted tha

i3
n

existing techniques for contalning petroleun spills are lilely to be mcre
effective in a confined area in which the effects of rough seas and wiand
are ruch less evident, Nevertheless, even localized damage can.be 50
severe in an avea heavily utilized for recreation and fishery habitat that
it may dictate new location patterns for port facilities.

Vo Projections of Industrial and Poonulation Growkh.

Dr. Robert Blsh has completed a review of receat forecasts  of
the level, composition, and location of principal industry groups om Tugst
Sound. The most curzent and reliable of these has been adjusted o ialloclie,
with reascnablé rolichility, the structure of industry by feur subareas of
ghe major study area. Projections to 1975 and 19803have been prepared.
Similarly, existing studies of population in the study ares have been
analyzed, and projections prepared £or the same period,

Since the region has been subject #o sevexal compefent anslyses of
this type in recent years, 1t did not scem wortlrrhile to contemplate a new
independent study even if time and fuanding permitted. The agtached data

are believed to be 2s relilable tham any that can be produced a2t present,

-

L
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As Dr. Bish has noted, however, the dangers of forecatting multiply
sreatly when the area under considaration is broken down iato units 2

small as single counties or four county subareas. Changes in the

econonic sctructure and population of the Puget Sound regica have Lecn

3}
3
[AN

both rapid and velatively erratic in recent years, and both industrial
population forecasts must be interpreted with thisc in mind. = -
Copies of Ghe thitial drafts of these sections are appended.

VI, lgpntification of Pollution Sources

Identification of waste discharzers into Puget Sound is virtuaihj
ceplete, and a wmaseasch zosistant 1z precontly cempiliag detailed infermacion
on volumes discharge@ by individual units. The task is made more difficult
by the fact that theré are more than one thousand individual dischargers,
although a preliminary study suggests that not more than cme hundred of them
contribute gignificant amounts.

in ozder of relative importance, the pulp and paper indusiry gnd
fruit and vegetable processcrs are the principal industrial sourceéo
Tdentificaticn of she individual units and the sudareas of Puget Scuad in
which these types of operations present current or potential problems is
in process and is already complete for the pulp and paper industiy.

Three less obvious sources of potential danger agealso under
lavestigation. Probably the most serious of these is the astonishing pro-
liferation of summer hemes and other xecreation oriented buildings on the
ghores of Puget Sound, These developments have been taking place at 2a
accelerating rate over the past f£ifteen yeaxs, and extend from the exiveme
Northern end of the study area out &o the westernmost limits of the Strait
of Juan de Fuca. Few if any of these developments erploy anything more

o !
than geptic tank facilities for discharge of waste. A point has already

been gsgched in some areas, and will eventually be reached in maany others,

4 [

3
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where the volumz of weste dischsrged will present medevaie to Sewieus
threces to human healin us werl as to £1zh life. The pituatiocn ig made
pmore Scutre by the appareat loglc, fron the stendpoint off ghe individonl

' .

buildsr or devesvper,. of using septic tanks rather than snetalling cuzpensive

'~

Cpeweraps Soedlizdes in the indtlel gtages of developmeni, perticuiswly v
4

localired, some areas of Puged Souwnd sdiacent &n the larger = glen oLl

.

what aras, &t the‘mdieht, isolatod A%éas, :Uﬁﬁcrﬁmﬁataiy, the:péce St Hownlop-
wmeny has beenlsucﬁ'thgt there ave verjnfew isclased areas Lok, 2ad wany
recreatiénai home dwners ara now faded fab sooner thea ha¢l:eéi snriclpsted
with the hegeabiéj'oé addiﬁg expéaﬁive>addiéidanl facititicn. It ig
obvioesly too léte to-do anything ebout past amiszicus, exc?pﬁ'to vequire
proper iusaallatioaa;'bgt 12 48 cleat shae aé& develcigments shc&ld b
gubiect €o coﬁsiderably nore striagent vegulations than are naw é?iieut
in sy of local resulrenants @hrougﬁbdﬁ'ché study axed.

Another persitteat sovrce of tocal difficulty, almost impesalblo
go piepoint with acé&r&cy; i3 the éiﬁcﬁatée of olly wepte waterinls foca
o wide varMéty of.nénopoint eotrceén ﬁﬁoae oil from gasoliue nfaﬁicau
ang oscages and similay swall quacﬂitiea of olly natericle from cwmall

mavuiactoring end scrvice astablishzeats axe belay dumped in gquasnkitice

D

£ probehly incredae proporticnulely with populaticn. The 2agresate

-
U

&

Y3}
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guensitles iovolvaed aze mot smell, and sfnee discharge poitig tend

expetience inereasing Glfficulty frow thls scuiee.
Llenough toral wante dischargas from pleasuwre boavs could net b2
roeparced a8 o saviows threat from the suvacdpolnfl of Puget Sownd sz o iwale,
!

these are many locil aress im which comsentwatlons of pleasuse oty nariie

eularly dsring the sunmer momths, ave large enough o raise sericus probleme

o

. Y

R\
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if dischorges of uncreaéed.sewage continve, The problem is wade more
acute by the parailel groweth of direct contaci watex sports such as skio
diyiog and water skiing in the areas where the boats congregate. Pending
legislagion requiring proper sanitation equipment aboard plezsure craft may

well become effective before the situatiion reaches serious p"opcc t£iocns. on

Puget.Sound 18 subject to an unnsual type of “poliveien from |
floating 1033 and deadhesds. Much of the-shoreline, €rom low bank ©o high
bluff, is forested ko the land edge, end sieady depesits of grezs and stumps
arce inevitable. Large logs regularly drift loese from stationary boom aress
aod Zrom the rafcs that orve towed €o watarfront mills, Pevsictenk douage TO
both pleasu:e crafe and commercial vessels wesules, snd o cas*c,‘i gerlous
accidents are bouad to occur, |

The problems of municipal waste disposal rewain large and are growiag

still cube

®

despite the major succese achicved by Seattle Metro, Thoeve az
stantial discharges of municipal waste nolt subject ev ;n to primary treatmoent
in various communities along Puget Sound. Mozeover, the wate of populacibn

growth in other urban areas &djacent &o Puget Sound (for example, Tacoma gond
the Brererton arca) suggests the need for collectlen and treatment sysfens

h

£
(0]

shat grzascend che jurisdiction of single municipalities, re *haps aleag

B

order of Metro. The study Will deal with the more pressing probleus raised
by thece areas, and indicate the effectiveness, present and prospbective of
state efforts to deal with the problems.

. At present there appear to be adequate controls over the gctivities
of mzrchant ships to prevent significant changes ic weter quality effccts
of port activity in Puget Sound. Thie vould remain true, howvever, only if

the pattera of shipping activity remains the same. As indicated sbove,
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however, the likelihood of majer changes ia the 2echnolcgy of varinc .
shipping of pedroleum and other bulk cargces and in the haadling of ses Lo

gurface Cranafer problems guggests the 1ikelihood of a major rrovientation

Q0
|
of Puget Sound port facilities in the future - and with it, a new sck of
pollution hazards.

Finally, ic does not appeax thaﬁ upstream activitiea that iacreace
gilration in the rivers tributozy to Pugel Sound constitute & gevicus
. ~ '
problenw” The phyiical characterisszice of the Sound are such thal these
o’

effects are limited to a vevy small area, and in incremeatal erms, 1ittie

moie in the way of damage is ¢o be expected £ron this sourca.

VII. Pxoiection of Waghe Londs

| Unfortuagtely, projection of these waste load suurces into the
futsre 48 nog a matter of simple linear extrapolation. The &echnology of
pulp ¢nd papef ﬁow (on ecozomic grounds) dictates the congiruction of new
plante of sufficient size gnd with propex recovery equipment Lo reduce

waste discharge problems to a fraction of former levels, The industzy can

erimeter of Puget Sound should be accompanied by a pavaliel growih in the

4

discharge of wntreated sewage. Lt is wiah;n the power of the s kate to requira
at least primary treatment of all munleipalities discharging into Fugei Sound,
and a Forecast of further growth in this type of waste loading would be,

iz effect, a denial of the objectives contemplated in the establishment of
shate water quality standards under federal legislation, The dischazges cf
frrit and vegetable processors consgitute a»significant problem in sowe areas

only because both water and the vight €o dio cherge waste are gignificantly

N ——
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ende=priced at the preseat timeo Aeatn, staoke policy can and should e
(&) 8

~

.

diracked 8t weasures vhieh would incwoase e incentive o reduct tav
volume of waste dischargad by such pluats =~ an objective vhich fs well

3

wichin ovr present techaicsl capaoilivies.

Dz, Brian Mavr of'the.Deyartment of Civil Engineering has just
ccopleted a.study of waste loaﬁing (including thermal poiluticn) in
the rivers fieﬁing ingo Puget Sound., TIhis work, tegether with &
¢ronslatieon of the cstimates of population and fndustry adjac;nt to the

Seund, will provide a forecast of future waste icads gilven today ‘o

ipseituticnal and legal envivenmento .

Vitl, Lewal fspeclts
With respect to the legal study of the Yupet Scund ectuarlne sysiem,

s:fonsive research has been accomplished ia the following areas: state

ca

Lo
ITLOD

pclluticn on control lzws, policies and resulations of the siaze pel

control administration, polluticn control sckivities of the majer Foget Scund

e

peiropolitan areas and ceunly governzents; aad the velaticaship ol siate
erd lecal to federal programs.

A major effort has been made zo assemble materials from ntale aad
Iccal agereies, oubiished veports, tegal journals, and glakuiory Scurces.
Tt is estimated Chat the legal study is approxinately £ifty percent complete

ip tevms of recearcho TFurihexr research and intervieue ave placned, end &h

target date for the €irst drafe'is April 30,

N
~
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1. Alt*ouvh the managémczt of am uarine eyqren 11{8 Dvﬁgr Snund

musis be L’?imahely digecten Lcuarq maximialnw socioeconcnic valucoo the

basic alternatives to be eval luated involve data to be gennrated Dj physical
and bwolobical occrncgraphe:a, fishery scleantists, znd cnqlna 221 The data
requeived for ing2lligent xormalation of alternatives io noﬁ aéeééate 4t [
precant, in *oéﬁi or in incremental form; ‘Thug, uhough orr oojﬂétivcs in

nagbuenc are geared to human velAarc, the bulk of the research effcrt

required to permit rational management of Pypet Sound fazls o2 the choulders

of tie several scientific and engineering disciplines concerned with estuarine

- - Ca e

analysis.
2 Yhe sraLe of che lebal ‘and ;nstihutional {nst"vﬂnnaalz._e foxr

manIgencns of a cemplex eatuary like Puget Sound can bedt de deseribed ze

-

chaotic, Ope of the major puzposes Lo be sexved further develepmaui of this
projzct i8 o fo“ﬁuiage new goverv"en&al, organizzitlcns and procedures that

perali coverage of the uecessa"v t&nge of alaC'ﬂgLLves aad nrovide Ghe

.

comnetence Lo implcmenz &le choires ﬁ aﬁ emyvqeo In this cowrocr’nhp ehe

project grosp will exanmine cax eGmlly the rcpo*t of the Comﬂis°3oa on Marine
t

Scie&ce, Eng ineexing ard Rmscn"cec and the P nel report: deallnf Wit h ooozege-

zond oi LsPhaﬂfes and the iasﬁolm coas, 1 zone, which present in smmmary

forn a Lporouuh cxcmlvakzon of Lne p;ooicma savolved in defilaing appropriate
monagemend un7co and techriques, It is believed that wneny of &Hc reccanendaticas
- 514 forih in the Commission's report w;ll be divectly applicabl xhe

sigation in P@gut Sounda

3. The ﬂmncral level of water qwaley in Puges Sound at the pracest
ginae is not a mnttéf oZ deep coacexna‘ Lhere are, houewcr' élééady local
probleus that must be dealt vith mere effcctiwely9 aad ihc ratc of growth

in population and industry projected for the counties anluded iu the study
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sxea provides no abasis for complacency. L& is therefore essential that
future work be directed toward the provision of economic inceatives to
utilize this technology or to alter production processes and/or location
where necesaary to achieve desired water quality standards.

4., The most eerious data gaps are those relating to the demape
functions that link incremental changes in water quality and récreaaional
and csthetic "outputs" from the Puget Sound cystem. The biological links
not yet quantified, and there cre as yet no satisfactory ways of providing
econoxic valuas for many types of saltwater baced recreation. Puture
rescarch may therefore be centered on optimal adjustmenks €O celasively
arbitratory standaxds of water quality, established as best we can ab
safe levals, but ot capable of full scientific or ecoaomic justification.
In cffect, where the geicntific problem 18 €oO complext €o perwil precize
quantification, watew gtandards should be established on the safe wide;
and developments in pollution sbatement technology aad ia the systewatic
analysis of alternatives Buggeae that ¢his csn be done without esiceasive
cosz ¢o the industries o¥ municipalities involved.

5. This study has centered, as requived, on water quality as the link
avound which potential confiicts in use are to be organized. The gtudy has
already made it clear, however, that theze ave a variety of other actual
9nd pqﬁéatﬂal.cqnflices in use ﬁot related directly or iﬁdirec&ly o wataex
quality but eq&aliy'serioﬁé ju terms of meragement. Lt should also be
poted that conflict in use is, in scwe respects, 8 BEISULe of the efficiency
with which the rescuzce is developed, It is imposgible to conceive of

meleiple usege of the waters of Puget Sound that would be optimal from aa

overall social point of view without continuous (and conzinuously adjusted) '

conflict at the margins between alternative users.

e ——
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Accordingly, it is essential to single ouf for detailed enalysis suocikic
local ereas wiere vatex quality is of direct concern O multiple useuws OF
Puget Sound and adjacent land sxeas. The ultimate objective ;5 to aaxtlcipate
and to provide both data and technique that would p:ovlde a sound b asis for
long Gexm plana*ng and foz rapid-and accurate evaluatioa of the cffects of
majo. prooosala such as the. Lefinery of Port Susan or the aluminium piaat ob
Guemes Island.

6. The principal pollutere jdentified in the giudy oto ‘date hove
one characteristic in écmmonz techuology ncw exists to abate or elliminate
entirely the threat of water quality degr

adation posed by their operations.

and at costs that do not thrcaten the economic wiability of the units invwolved.
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