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Determination of Fresh-Water Discharge lor an Oregon Estuary

Interest in coastal estuaries io the Pacific Northwest has mounted in recent years as
conflicting ioterests, such as recfeation and industry, have contended for their use.
Increasingly heavy use is being made of these natural resources for waste receptacles.
The capacity of an estuary to cope with discharged wastes is intimately tied to its
circulation pattern. Circulation, in tufn, depends on the fresh-water discharge, the
physical dimensions of the estuary, and the amotrnt of dissipated tidal energy available
to mix the waters in the esnrary (Blanton, 1!6!; Burt and McAlister, 1959). Fresh-
water discharge must be known to calculate either the effectiveness of tidal energy dis-
sipation or the distribution of a pollutant in an estuary, but one is indeed fortunate
when sufficient measLlremeots of runoff are evailable. One musr ofren work in a rather
complicated drainage network where only a small fraction of the network is monitored
for rainfall and streamflow. This paper describes a merhod to esrimare fresh-water dis-
charge where measurelnents of precipitation and fresh-water discharge from a limited
region must be extrapolated to a much larger regioo-

The Role ot Fresh.Waler Dischalge in Circulation ol Estuaries

The esruaries of Oregon were classified by Brirt and McAlistet (L959) into three groups,
depending on the extent of vertical homogeneity in the estuary. The classification into
which a given esnary firs depends on rhe amount of tidal energy available (which
is relatively constant thloughour the year) and rhe amouflr of fresh"water discharge
(which flucmates seasonally). At times of low discharge, tidal energy cao vertically
mix the fresh water with sea wate! so that little change in salinity occurs from top to
bottom. As fresh-water discharge increases, greater tidal energr is required to mix the
incoming fresh water and ocean water. Finally a point is reached where sufficient
dissipated energy is not available to produce vertically homogeneous condirions, and
either partially mixed or two,layered conditions prevail.

The amount of fresh-water discharge also affects the flushing time of the estuary,
which is the aveiage time required for a pardcle of fresh water or suspended matter
to be moved out of the esmary. During periods of high discharge the flushing rime
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will be short and pollutants in the estuary will be moved rapidly out to sea, but
during periods of low discharge pollurants may reside in the estuary for a longer time.

The seasonal nature of rainfall in Oregon imposes variations ir streamflow.
In months of heavy rainfall in winter and spring, large amounts of vrater flow into
the heads of the major Oregon esruaries, but in the summer and fall the runoff is low.
For example, our calculations have shown that as much as 100,000 cfs flovrs into
Coos Bay from the Millicoma and Coos rivers at marimum and less than 100 cfs
at minimum. These extremes of fresh-water runoff, although modified in some cases
by dams upstream from an estuary (Locker, 1963), illustrate rhe seasonal variation to
which all Oregon esruaries ere subjecr.

The Problem

Ruqoff of fresh water from most small coastal sffeams into their estuaries is not well
known. The standard method for determining stream discharge into an estuary is by
stream-stage measurements because of the relationship between stream stage and
flow rate. Small coastal sfieams, however, usually lack sufficient gauging srations.
Furthermore, stleam stages cannot be simply related to flow rate in the unsteady
flow of ddally iofluenced streams. Unsteady flows can be analyzed only by complex
simulations ( Baltzer and Lai, 1968). Consequently, determination of sueam discharge
in small coastal streams must be accomplished by some indirect means.

The indirect determination of the fresh-water runoff into an esruary is complicated
by the dendritic patterns of streams in the watershed, by the pauciry of river gauging
statiofls and wearhei srations, and by the uneven disuibution of rainfall over the
watershed. In particular, uneven distibution of rainfall creates a problem in moun-
taioous regions such as in Oregon's Coastal Range where moisr ait masses lose much
of rheir warer as rhey rise over rhe mounrains.

In addition to utilizing stream-discharge and rainfall data, the water-bearing capacity
of the soil and the evaporanspiration rate must be considered in a calculation of stream
discharge (Thornthwaite and Mather, 1!55). The truly complicated interactions of
these factors cao be appreciated by consulting a good text on hydrology ( e.g, Linsley
et al., 1949).

The Coos Bay esruary, like most estuarine systems in Oregon, does not have a suf-
ficient network of raiofall gauges and stream-discharge gauges for direct measurement
of fresh-water discharge. Only one river in the entire dtaittage area is gauged, and
rainfall is measured in only two locations. \fe therefore devised a systemaric procedure
to calculate stream discharge into Coos Bay estuary from lirnited data.

Calculation of Stream Discharge

Calculatioo of stream discharge by our method requires only the watershed area, rainfall
data from represenrarive stations, and ar least one stream gauge to estimate the fraction
of rainfall which is carried away in sffeams.

The watershed area of the Coos Bay drainage systen (Fig. 1) was determined from
topographic maps from the U.S. Geological Survey. The watershed area was divided
into two areas: a lowlands area wirh runoff based on the rainfall at North Bend and a
highlands area with runoff based on the rairl.falT at Allegany ( Fig. 1 ) . Rainfall records
of the U.S. Veather Bureau vrere examined for North Bend and Allegany for the years
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ligure 1. Coos Bay drainage area, modified from U.S.G.S. Maps of Coos Bay and Rosebutg
quadradgres.

1955 through 1961. The mean annual ptecipitation over the seven years at Allegany
exceeded that at North Bend by 24.7 ir'ches. Ve are confident that there is additional
rainfall in the upper regions of the highlands area. Thus, 10 inches were added to the
recorded annual tairfall at Allegany to comPensate for the heavier rainfall occurring
io the mountainous region upsfteam from Allegany. This increment may be set rathet
arbirarily because it increases the total rainfall by only 10 per cent and in the sutse-
quent calculations it is neady cancelled out. Its ooly effect is to increase sligbtly the
weight of highlands rainfall. The effect of the 10-inch increment on the calculated
runoff factor will be discussed below.

The $flest Fork of the Millicoma is the only gauged river in the entire Coos Bay

drainage area. The gauge is located just upstleam flom Allegany. The stleam-gauge
data plus the precipitation data at Allegany were used to estimate the percentage of

rainfall that runs off through the \fest Fork of the Millicoma. This estimation
was assumed valid for the entire dlainage area for Coos Bay. The calculation used was

Runoff factor (expressed as a percentage of local rainfall) :

Runoff through geuging starion
10o%

Raidall at Allegany f 10"

Runoff and rainfall may be expressed in inches.

STUOY AREA
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Perceotages vrere tabulated for the years 1955 to 1959. For this period an aver ge
83 per cent of the rainfall was discharged as runoff. The evapotranspiration is included
in the 17 per cent of the rainfall which does not appear as runoff. In this empirical
approach evapotranspiration is rhus accouflred for without involved calculations.

In view of the unceraioties in the acrua1 distribution of rainfall in the highlands,
the runoff factor is actually better to no more rhan one decimal place or 0.g. If we
omit the 10-inch incremenr to rainfall at Allegany, the runoff factor is 0.9. If we add
as much as 30 ioches rc the recorded ruinfalf at Allegany, the factor is reduced to
onlv t ,  / -

The annual runoff for each drainage area was calculated aod summed. The total
was used ro estimate rhe annual runoff under the U.S. 101 Bridge over Coos Bay. The
runoff for each area was calculated as

Anmal runoff : Rainfall x Surface area x 0.8

(ItI/year'1 (ft/year) t f r z r

Runoff data for specific days were needed for comparison with salinity data at the
U.S. 101 Bridge. Based on mean flovr rates in the river and iq the upper reaches of
Coos Bay, it was estimated that it would take 24 to 48 hours for the runoff at the Alle-
gany gauge to appear at rhe U.S. 101 Bridge in Coos Bay. An average was mken
o{ the gauge readings two days prior ro the day being analyzed. This average was used
for the "daily gauge discharge," thus

Daily freshwater discharge -

Daily gauge discharge (ftfsec)
Annual runoff x

Annual gauge discharge (ft3/year)

rd(/e have assumed that the flucuations in daily gauge discharge at Allegany are repre-
sentative of fluctuations that would be found over the entire Coos Bay system.

Table 1 summarizes the runoff figures obtained by this merhod for 12 dates of
interest. The effects of the dry summers and wet winters are appalent.

Di{ferences between bottom and surface saliniry ar ttr" U.S. fOi Bridge were
averaged over two tidal cycles from data published by McAlister and Blanton (1963).
Large salinity differences indicating partial mixing were deady correlated with high
runoff.

TABIE 1. Fresh-water runoff under U.S. 101 Bridee

R"noff
(feet1/tec)

21-22 lvte 1960
12-L3 J y 1960
16-17 Aueust 1960
20-21 Sept. 1960
22-2) Oct. 1960
20-21 Deq 1960
2a-29 Jan. 196l
25-26 Mar. 1961
20-21 May 1)61
18-20 June 1961
20-21. July 1961

2- 3 ?|'isrst 1961

388
164
58
66
76

6720
865

5380
1220
170
94
69
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Discussion

\7e have compared our calculation method of sueam discharge (the stream-gauge

merhod) with a method based on a calculatioo of the water balance by Thornthwaite

and Mather (1955) (Fig.2). Both curves have the same genelal shape as the salinity-

difference curve. It is apparent, however, that the watef-balance method which is

based on monthly averages of precipitation and temperature filters out the abruPt

changes indicated by the daily data of streamflow aod PfeciPitation. The stream-gauge

merhod is garticulady responsive to the day-by-day chaoges because only two-day

averages of sffeamflow are used in the calculation. The water balance could be made

more responsive to daily changes in precipitation and runoff but only at the exPense

of considerably more calculation.
Because the stratification of the estualy undoubtedly resPonds to daily fluctuations

in runoff, the stream-gauge method is advantageous for use in estuarifle hydrography.

For example, the runoff in the summer calculated by the water-balance methd was

consistently higher than that calculated by the stream-gauge method. This discrepancy
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Fisure 2. Saliniw difference between surface and bottom at U.S. 101 Bridge (uppe! graph)- 
and frish-water runoff into Coos Bay (Iower graph). Or the lower gtaph, the points
for the stream-gauge method represe$t two-day averages; the points fot the watet-
balance method replesent monthly avefages.
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occurs because the water-balance merhod gives an average flovr whereas rhe stream-
gauge n.rethod gives a daily flow. Maoy of our sampling days occurred during periods
of lower than average rainfall, resulting in lovrer runoff than would be typical of rhat
month. Exrremes duriog a month are thus masked in the water-balance method.

Conclusions and Summary

Responsiveness to fluctuating meteorological conditions makes runoff calculations based
orr stream-gauge data particularly useftrl io studies of estuarine hydrography. Its real
advantage, horvever, is that its application is simple and straightforward and can be
applied in areas whete data are scarce. The sueam-gauge method compares favorably
with the more sophisticated water-balance method.

The method described here is no panacea. It is certainly no substitute for other
estabiished rechniques in localities where there is coverage of precipitation and runoff
measurements sufficiendy adequate to represent hydrological conditions throughout the
draioage network. For Coos Bay, the hydrological data have been sretched to the limit
by extrapolating data from one oi two points over the enrire drainage basin. This
procedure implicitly assumes that conditions at Allegary and North Bend are repre-
sentative of the entire Coos Bay drainage basin. Obviously, the assumption becomes
rnore valid if more data poinrs are available, but for this case as well as mosr cases
fot the Pacific Northwest coast) we are fortunate if we have one or two points.

The test of this method on one series of salinity data is not as good a tesr as ofle
vrould like, althoLrgh rhe independent check using the water-balaoce method (Fig. 2)
gives the stream-gauge method a good degree of credibility. Hopefully, the method
will be evaluated for more esruaries as suitable salinity data become available.

Knowledge of the magnirude and fluctuations of fresh-water discharge is indis-
pensable when considering mixing and circulation patterns. The estimates of discharge
assume even grearer impottaoce when assessing the possible effects of diversion projects
or dams which may alter the fresh,water supply to an estuary. The method described
here offers rough estimates of fresh-water discharge into estuaries in areas where limited
measuiements of streatrflow and rainfall are available. The input data for such a study
are usually readily available throrigh the U.S. Geological Survey streamflow records,
and U.S. nfleather Bureau (ISSA) precipitation records.

Literature Cited

Baltzer, R. 4., and Chintu Lai. 7968. Comouter simulation of utrsteady flows in waterways.
I9u^T1i_ _qf rhe Hydraulics Division, Proceedings of the Amer. Soc. oi Civii Engineers, g?:
1083,1117.

Blanron. J. lc)ao. Enerey dissiparion in a rjdat e"ru/ry. J. of Geophys. Res., -4: 5ro0-jr0u.
tsurr. $7. V.. and W. B. M,Ati.rer. trt.). Receni .tudies in rhe hydrosrrph' of Oregon

estuaries. Fish Comm. Ore., Res. Briefs, 7: 14,27.
Lindey, R. K.,_Jr., M. A. Kohler, and J. I. H. Paulhus. 1949. Applied Hydrolosy. Mccraw-

Hill. New York. 689 D.
lolkeft, J. B. 1961. P-henomena affecting improvement of the lower Columbia estuary and

enrrance.  p.  6qr-55.  ln Proceedins. .  oI  ibe Elshrt r  Conference on Coa.ral  Fn. jnrer inq
McAli.ter. v/. 8.. and J. o. Btanron." rqol. r;mp.;;;;. ;; l i" it), 

--J 
;r;;;; , i*,^,i i .-"n"

tor Looq .bxy, -Oregon, during 1960-1963. Oregon State Univ., Del)art. of Oceanography.
Dxta Report No. 10.

Thornthwaire. C. V., end J. R. Mather. 195J. The water balance. Drexel Insritute of Tech,
nology Laborftory of Climatology, Publications in Climatology, Vol. 8, No. 1, 86 p.

Accepted lor publication March 1, 1970.

Fresh-$Vater Discharge for an Oregon Estuary l7j


