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The Sanitary Significance of the Spokane River
By A. D. BUTIEB

Spokane City EngiDeer, Spokane, WasliDgton
A frotrtie! peolle teed have !o concern

about tho water they drink, lor $hexe
tley dlspose of their waste. W.ater getr_
erally 18 pure until it is defiled by lralr,
But a,s civilization aalvatrces the pollutedl
streams locoue a proilem, fifty yeals
ago tbis trtloblem became acuie in thg
East, ts/etrty years ago in tho Middlo'West 

and today it confronts us.
There aro many questiols which ba,ve

arise[ from this situatiotr that sci€ndfic
men have tded .with varjdDg degrees of
success to alswer, OIre of tlese questions
is: IIow quickly will a given stream or
bcdy of water tecover from a givet pol-
htion load? Tlxis question }las beell the
cause of a nu&ber of iflvestigations by
tle U. S. P[blic Eealth Service. and
arooDg the very interesting and lnstlrlc-
ti9e bulletins to be had aro ltualies on ths
Ohio, f[iDois atd Mississitr!l rivors,

Dudng these stfldies, it vas foraal that
of the ma[y tests that were made, the
two that gavo the most acculato picture

of the extent of ;ouutiotr were B. coli
ond biobhemica:l bxygen alelranal. Studties
on a vety much les8 extensive scale tlan
this Dlade by tle U, S. Public Eeslth
Service have leetr maale for the past flf-
teet years on the Spokane Biver by local
authodties, a fdl report of the fiDdiDgs
of which ale etrtirely too volu&Iuous for
sllch a paler as this. so ws vttl ileal tn
this pape! only with tllo geDeral charac-
teristics of the Spokane Blvor andl a brief
analysis of the findirgs and conclusions
that cafl be alravn froql tJlo B. O, D.
(biologlcal origin alemand) st'titi€s.

Coeur aPAlelte take, a body of rare!
abo[t 30 miles ir letgth a!d. fed. from
streaEs haviDg th€tr origin ilr the mou[-
tairxs Of 4olthortr Idaho alrtt .westem Mon-
taua, tho St. Joo, St. Marlos atral Coeur
d'AloDe livors beitrg tbe prbcipal tribu-
taries. Tro! the source ol the Spokale
Rlvor to its outlet in the Colulrbia it
travols a distatrco tn€asureal alotrg its
courso of about 105 lxiles, and has a fall
of about 1050 fo€t. Irom the lake to tho
City of Spokaae, a dlistaDce of 30 Dites,
it flows through tbe Spokane Valey, a
hoad, gravelly a!d[ intensely cultivat€d
vauey, the gleater pa$ of wbich is uld€r
il.Iigatto&

Below the city, tho dver ls swift atrd
flows oostly totw€€n high steep batrks
unsuitedl for f#miug, lot olrly because of
tbeir ltsep[ess, but because of the poor
sandty a!d[ rocky lature of the sojl. There
are flowing ilto the liver only two trilu-
taly streams of any consequence: IIaDg-
man Creek, outletting Jrst below the
tusiness section of Spokaoe, aial the
l,ittle Spokane, a:bout 1b miles below
the city.

Althougtt f,he livorg f€eding iBto the
Coeur d'Albne f,ake havo at times a corD-
binetl flow estimated at orre:100,000 cfs,

.the €qualizilg offect of the lake and. its
restricted outlet has resulted itr & maxi-
m tn flov itr the Spokane River of a little
less than. 50,000 cfs. The low-water flow
is regulatedl by tho cottrol works of t]re
Washilgtou Wat€r Power Company-post
lalls DaE, antl soldom is alloFeil to get
I'elow 1500 cfs.

TI{X BMR. A strdy of atrlual flo\p tabtes shows
The Spokane River has its solrice i! that th€le is olly 10 per ceut of tle time
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whon tho flow is less thdn 1700 cfs. Dur-
irg the lo\r'water month, the amount of
water erltedng the river through Harg'
man Creek and the Lit t le Spokane is so
small that their infhreDce rnay ie ignored.

TIIE POLLUTIONS.

ardl cess pools clea[eal, kill of anlltral5 at
tho slatghter louses atrd 3. O. D. basis
fo! inalustdes is aB followsi

Upper Lo'wer
Iiem Xstimates Esiimates

1, EtDrrn populat ion con'
In the drainage area tdb[tary to Coet.l1 nerted to sc]rers --..---..- 60,000 60,000

cL'Alene Lake there is a populatio[ of ap- 2. Popu]rtion equivalent
?rofmately 22 000, ooly a comparatively of minor in{lustries --.- 30,000 30,000
small percentage of wiich, lo'wever, Iives 3. Utr"e\fcfed populatior 7.000 7,000
i| cities of sufficieot size to lle served 4. Major industlies in
by se'wers. citl' limits -,,..,-.,..., .-,,. 80J000 35.000

The filst dlirect sourc€ of pollutio[ en
teling the Spokane River is from Coeur
d'Ale[e, a city of about 8,000 pop{lation,
lvhose seweB enter just belorg the out-
let of the lake.

The rlext source of lollution of ary con-
sequence is at Millwood, wbere the Inland
Empire Paper IUiII ilischarges its sewage
andl mill wasie into the Spokane River.
When the mill is running at capaclty and
all of tle sulphite liq[or iq lteing dis-
chargedt into t]re river, this plant has an
estimatecl population equivalent of 115,-
C00. D[rirg the past few yea19, however,
a lalge amouut of tbis waste liquor has
teetr used as a dust pauiative orl Spo-
kane City street"s, fihich has greatly r€-
d.uced. the polllrtiou e)rtering the dver
froD this plant.

DuriDg the low-watel season, if none of
tbis slllphlte is dumped iDto t}le sfre^m.
the poltlatioD equivalert of the plant is
flom 30,000 to 40,000.

The last and principal source of poll1l-

tiotr is the sewage from tle City ol Spo-
kaae, The Spokane Eiver divides tne city
into two equal parts. so far as lopulation
is coqcemeal, and there are 25 sutimtrk
gewels entoring tbe river at vadous places,

floltr Sharp Averue on the Xast to As-
semlty Strcet on the West. Iu additiofl to
tlds, there ale ltumerous small inallstries
alolg the dver bank 'which dlischalge their
$'asts into the strearn.

The estimate madle by lllr. Grceley, Con-
6ulting Engineer, of tbe poll tlon loaal of
the river as ji leaves the city, predicatodl

on the number of se'wer connections, varlts

5. Upriver industr ial and
misccl laneolls . .  - , , . . ,  1101000 40,000

287i000 172,00-

In order to dletermine the characteristics
of the sewage being dischargedl irrto the
rive!, a numbe! of samples taken from the
principal sev,rers lfiele analyzeal, the !€-
sults of ,Fhich showed an average su6'

Ienaleal solids of 220 ppm, andl a five dlay
B. O. D. of 230 ppm. The meastloal flo'w
from the 25 sewer outlets showeal an av-
erag€ tctal flow of 21.?1 cfs. On this
basis we have a total of 26,000 pouudls of
sumeoaled solidls and 27,000 poullals ol
B. O. D. in 24 ltotrs ilischalge into the
rive!. Dqdng the same time that theso
sewer Bamples were taken, a number of
analyses vere aale of the Spokane River,
the average of which showed a B. O. lr. of
the dver above tle city of 1.47 andl below
the city of 2,17, or a dlifferelce itr oxygoE
Cemxtrdl of .7 p!m. During this period the
average flow in the dver fia,s q000 cf8.
If then. ve use this as a basis, we have
total pound8 of \rate! ler 24 hours tlmes
.7, or 22,680 lolrnds of five-day B. O. D,

a closer check perhaps thatr the dlata at
handl Eught 'wallant.

SE],F ?URITICAfiON.
Th€ rate at wltich a pollut€d stream

\irill rehabilitate ltself, depends upon tbe
quantity of oxygen lt wiU alsori ln a
given tiDre, and this ln turtr depenals upon
the area of water surfece exposedl per

nit of volume.

In turbuleDt stream6, the rate of te_

aeration is higb because new sulfaces of
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qrater are beiDg corlianfly hought io colr_
tact -'ith the atmosphore. Such streaus,
ho'wever, carry the lollutioD a greater dis-
taxce dow! strea.m before a given amouDr
of self-purifica,tion is effecteal. The €xreDr
o{ seu-purificatiofi then, which is brought
a,bout iD a given distance, alepeuals 8060-
'what olr the time it takes the water to
reach a given point. This beitg tfue, let
rrs no! consider the lelgtb of time r€-
quired for the wa er from Spokane to
leach ihe Columbia anal also the charac-

The dlisplacemelt of tle lool wate?g
back of the dlams is very prolably not
coftplete and there are volumes along the
bottoms aqd sholes, where the alisplace-
lnent is causedl by wincl or cross culxe[ts,
mther tha[ liver flow. Thus the time of
flow tbrough the pools is probably sub-
Etaltiauy less tha4 the displacement time
intlicateal above. The accompanying dia-
gram sbows the estimated tiue requircal
for the water in the river to reach various
doEnstreain loints andl is predicated otr
50 per cent gf tlle total complete dlisllac€-
rnent.

We theo lave the€e two factors which
are of vitll importance in enabling the
Spokane River to free itself from its load
of pollution before it reaches the Colrlm-
) i a r

teristics of the stxea.m'which woulat favot
self-purificatio!. Aftet: a few diles of
lapid flofr belos' the city, the river eDters
tb.e backwaters of Nitre Mile Dam, After
passing througb this andl ove! the alam,
it onters immediately into ihe backwaters
cf the Loug f,ake Dam andl agaitr into tho
backwaters of f,ittle lalls Dam. Iro@
thele the rive! is a rapid turbulent streanr
for a dista ce of about 26 mlles to itg
o[tlet iirto the Colum]ia.

Ihe charact€ristics of the river b€low
tbe city may b€ tabulated as follows:

?ool back of Volume in million Displacement iimo Surface aroa
clrbic feet in hours for fiver of pool in

flo{' of 1?00 cfs. thousand
scLllare feet,

Nine Xti le 2! i  J7 : i0,000
l,ong Lake 1l).000 1t130 2i0,000
Litt le Fql ls lS; 30 3,000

the air. The law which seems to te gen-
€rally acc€ptedl is: ff 20 per ceDt of tho
oxygen demand of a stream ie satisfieal
ilr the ftst 24 houls, then 20 per cent of
the remainder will be satisfied i4 the
next 24 bou$, ancl go otr.

Studlies madle by the U. S. ?ublic llealth
Service on the Mississilpi River slluwed
that re-aeration took place at the rate of
fivo-tenihs poundls of five-day B. O. D.
per 1,000 square ieet of $rdace per 2i!
houxs. whele the dlissolved oxvseo iD tlre
dilutitrg vaters was 60 per cetrt satura-
tion. If this is true, then 250,000,000
sq{are feet of exposed sudace would }o
capa,ble of supplyitrg 125,000 poundls of
oxygen per dlay, or aloui five times the
27,000 pounds rcqulred for Spokane sew-
age,

1. The time wrich is sholrn from txe ac, .. 
tt 

i 1t"" 
th?t the.dlissolve'l oxyge[ in

accompanyine "o".'r" to n" orooi qo l*"iT-ri1"".il'r";#;"J::l?-":?:::
da'ys in low water' 

the mte ot le-aeration w.oulal be somo.wbat
i, The area of exposedl water $uface, in- less. But even so, lf .we take the finalings

clualing the pools back of t}le alams, of the Tf. S. public Eealth setaic€ as
which iF estimated at abo{t 250,000,000 applicalle, .we woulal be safe in expecti[g

to find the vraters of the dyer eriirely
The ?ate of re-aeratlon of a stream r-ecoveredl ftom its polhtion load, consid-

d€penals on the amo[nt of lolluiion it elably befo?e it reaches t]e f,ong f,ake
coDtaltrs, The more it ls polluted, the Dam. Let us now s€e *hai actual analysis
Drore rapidlly it alsorbs th€ oxygen of oJ the rivel tever.leal.
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Dudng 1933, 23 weekly samples were
trken of the dver at the low-water pedod,
from .tune 6th to D€cember sth. -These
samples were analyzed for the foliowing
rcsults: Iiveday B, O. D., dissolved oxy-
gen aDd total tractedal count on agar
and cololr.

We w!]l assnme in this paper that the
five-dey B. O. D. dletehiDation is an in-
dex of the extent to which the vater in
the Slokatre Riv€r ls able to rehalilitate
itself in its flovr from Slokane to the
Columbia Riv€r.

The average of these 23 samples taken
ale as followsi
In the forebay of the City Power

Plant ahove the city -.- "-..--,,- --.-,.--,,..--1.47
At t l le head of trhc Nine Mile beck-

comllete \rithort sone kilrd of an answer,
so wjth what data we have, the anjwer
so far as B, O. D. studies are concemedl,
is that the Spokan€ River is ihe most
heavily polluted as it etrters the back 1ea-
ters of Nine Mile Dam, Iess heavily poi-
lutedl at a point Just above this dam and
puler at its mouth than it is at the City
PoEer Plant where it enters the cily
limits,

We theD have two xeasons to believe
that the Spokane River at its mouth has
entfuely recoveledl its oxygen balancs.
First: Irom the findings of the U. S.
Public Eealth Service, it is reasonable to
exlect. Seconaii From the average results
of 23 samples lt has actually takea place.

The scientific value of such studlies as
these caE not be deniedl andl it is the hope
thai the U. S. Puuic Health Sere-ice lray
te luduced to take up these studlies andl
carry them to completion, tor there is no
stream in the united siateg qhere the
ploblem of self-purification is presented
irr as clean-cui a manner as is ihe case
with the Spokane River,

At Ninc Mile just a}ovc the dam..--. , . .1.93
At the nouth of the Spokane F,iver ----1.40

The coEeci answer to a iiological prob-
lem can only be had when suffici€nt alata
has been collectedl to Jurtify a corclusion.
Ths eore dlata, the Drore nearly the right
alswer will be had, but !o prcblem ls
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DISSOIVED OXYGXN ?arts Per Million 1933

Arvl 
-- 

95? ia.I  9.25 10,20- 120a 1lJ

GEOLOGICAL BUI,IXTIN. Urde! date
oJ I'ebNary 15. 1937, VoL 2. No. 5. of
?lofessor Geolge Beck's Ceological Bul-
letin, alpears, It is a little three'colur@
sheot packed full of uews of paleontology
ci central Washirgton, It is a bit tliffl-
culi to lle judicially calm abo[t the work
of this tireless worker. what he has alone
for this section in l€ss than a alecaale in
making geological history would seem
much for a life-time. seven or oight yeals

ago he took the wdler out frcm his la}o-
ra.tory in the Xllenslurg Normal gchool

to the Columl)ia River at Valtago and
slrowedl slive$ of pettified wood fou4d
on the slopes of tbe canyor. Tbese he
fouowed tack as a ]rospecto! vsuld. fol-
Iow afloat" until, finding here andl tbere
a buriedl shrmp, he has rovealeal forest otr
folest coDoecting the Miocetre lrith the
preselt. A CCC camp of workers have con-
vertedl this area of rocky slopes into a
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DISSOIVND OXYGNN

Per Cent Saturation

1 r 0 9 . 5
1 0 2 . 3  l t 1 r . 7  I  1 r 0 . 0

gaeat outdoor museflm: a Glngko Nation-
al MonumoDt, Not satisfled ti'ith these, he
ie now filling his bulletiff xdth Rhinoceri,
Camels, Elophatris, Etpario!, Bison atrd.
marly shaller mammals ropFsenteal by
bones founal hore atrd there in the Great
B9nd, Yakima and Kiititas seciors by
matry d.eliglted coqiritutors,

I11 progTe$ in The l]f,ineralogist of Port-
landl, Olegon, is a seri€s of articles otr

.d€ter'nxinatiotr' of peidfied lcoods. Soon
to appear will ie r.Camels of the Coluelia
Piateau" from Plofossol 3ecks, petr.

Oh, George, please give some of us envl-
ous otres, 'who exhaust ourselve! rf,itb our
daily rourd fro8. home to classroou, .,a

shot of the samet' which enall€s you to
hp-ve eyos to see irl every palt of ao area
as big as Inallana aIrcl etergy left to wT ite
andl t€ach.


