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HYDROLOGY OF MALHEUR LAKE, HARNEY COUNTY, SOUTHEASTERN OREGON 

By Larry L. Hubbard 

ABSTRACT 

Malheur Lake lies in tpe Harney Lake basin in the north-central part of 
Harney County in southeastern Or egon . The lake is one of the largest fr e sh­
water marshes in the United States and is one of the main units of the 
Malheur National Wildlife Refuge . The marsh is considered excellent fo r 
waterfowl production as well as a vital migration habitat for birds in the 
Pacific Flyway. 

Because of the importance of the wildlife refuge, any management plan f o r 
the basin needs to consider the impact of management alt e rnatives on th e hy ­
drology of Malheur Lake. Various water-management ag enci e s are making studi e s 
to develop land-use and water-resource alternativ e s in Harney Vall ey . As pa rt 
of one of these studies, the U. S. Geological Survey engag e d in an intensive 
water -data collection program a t Mal h eur Lake, Oreg ., from March 1, 1972 , 
through September 30, 1973. The study was made to identify the various com­
ponents of inflow and outflow to and from the lake and to determine the rela­
tive magnitude of these components. 

The 1972 water - year data represent v e ry high runof f , wher eas the 1973 
water -year data represent very low runoff . The total inflow to the lake was 
200,000 acre-feet (250 cubic hectometres) in 1972 water year and only 75,000 
acre-feet (90 cubic hectometres) in 1973 water year. 

In 1972 water year the Donner und Blitzen River contributed 55 p e rcent of 
the inflow, with the Silvies River , direct precipitation, and Sodhouse Spring 
contributing 28, 13, and 4 percent respectivel y . In 1973 wat e r year the 
Donner und Blitzen Riv e r was again the principal contributor of water to the 
lake , contributing 6 2 p e rcent of the total inflow . The Silvies River, direct 
pr e cipitation, and Sodhouse Spring contributed 1, 25, and 12 percent respec ­
tively . Ground-wat e r in f low, othe r than Sodhouse Spring, appears to be 
negligible . 



A comparison of flows monitored near the inflow points to the lake with 
records of flow for upstream gaging stations reflects the extensive diversions 
for irrigation in the Silvies River basin and for refuge management in the 
Donner und Blitzen River basin. Because of these diversions, a large quan­
tity of the annual snowmelt runoff does not reach Malheur Lake . 

In 1972 water year , 81 percent of the out flow was by evapotranspiration 
and 19 percent was surface outflow through The Narrows. In 1973 water year, 
96 percent of the outflow was by evapotranspiration and 4 percent was surface 
outflow through The Narrows. Ground-water outflow appears to be negligible. 

Water-quality samples were taken at all inflow and outflow points and at 
eight points within the lake. In general, the water in the lake is rather 
dilute, largely because all inflow sources are low in dissolved solids; how­
ever, relatively high values of specific conductance were measured on the east 
side of Cole Island Dike. This condition apparently results b ecaus e there is 
no direct flushing by water flowing through this part of the lake. Because of 
the complex hydraulics of the lake, the chemical quality differs greatly with 
time and from point to point. At the end of March 1972, the specific conduct­
ance of the lake water ranged from 280 to 2,040 micromhos at different loca­
tions on the lake. At one sampling site, the specific conductance ranged from 
2,040 to 6,770 micromhos during the study, whereas at another point the range 
was from 280 to 450 micromhos . 

Analysis of bottom-sediment samples indicated only very small quantities 
of trace metals other than aluminum. Samples analyzed indicated no pesticides 
other than minute quantities of DDE. 

INTRODUCTION 

Description of Study Area 

Malheur Lake lies in the Harney Lake basin in the north-central part of 
Harney County in southeastern Or egon ( fig . 1). The lake is in effect a fresh­
water marsh, one of the largest in the United States. Historically, it has 
been dry during extreme droughts, and at high-water levels the surface area 
exceeds 50,000 acres (20,000 ha). At highest water levels , the depth of water 
is only about 6 feet (2 m) in the deepest parts of the lake. The lake surface 
is interspersed with emergent plants and open water. The drainage area of the 
lake is 2,100 square miles (5,400 km2) . Ov erflow fr om Malheur Lake passes 
through Mud Lake into Harney Lake, the end of the closed basin. 

Malheur Lake is one of the main units of the Malheur National Wildlife 
Refuge. The Malheur Lake marsh is considered excellent for waterfowl pro­
duction as well as a vital migration habitat for birds in the Pacific Flyway. 

2 
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water-resource management alternatives in Harney Valley . Because of the im­
portance of Mal heur Lake marsh as a waterfowl habitat , any alternatives must 
include an appraisal of the effect of chang e s in ma nagement practices on the 
hydrology of the marsh. To provide a reliable basis f or eval uating the impact 
of managemen t alternatives , the Corps o f Engineers req u ested the Geological 
Survey to d escribe the present hydrology of Ma lheur Lake . To make that de­
scription , it was necessary to collect adequate data to define the relative 
magnitudes of the several inflow and outflow element s to a nd from the l ake . 
The measurements and estimates of the magnitud es of inflow a nd outf low, com­
ponents, and change in lake contents , are pr e s ented in the form of a monthly 
\vater budget for March 1, 197 2 , to Sept emb er 30, 1973 . 

To s how the effec t of p resent upst ream manag ement practic es on the 
hydrology of the lake, the volume of surface f lows passing gaging stations 
far ther upstr eam in the bas in are compar e d to the volume of f lows for the same 
streams actually reaching the lake . 

Chemica l analys e s of water samples taken at major points o f i n flow a nd 
outflow and at various locations wit hin the lake are present e d to supplement 
the description o f the hydrology. 

Methods of Investigation 

Major sources o f surface inflow a nd outflow, in addition to lake levels, 
ground-water levels, p recipita tion, and evaporation were measured . Inflow, 
out f low, and c hanges in lake contents were comput ed or e stimated ba sed on th e 
meas ur ed values . The results are tabulated a nd pres ent ed in the form of a 
wat er budget. 

Data Collection 

The principal data-collection points us ed in this study lie near or 
within the high-wa ter perimet e r of the lake , as shown in figure 2. Records 
from two streamflow g ag ing stations outside the study area near Burns and 
Frenchglen were used for comparison (fig . 1). 

The inflow from Donner und Blitzen River near Voltage was monitored with 
a conventional stream -gaging station below Sod House Dam ( f ig . 2) . During the 
irrigation season, flow is diverted at Sod Hous e Dam; some of this wat er 
reaches the lake as irrigation waste wat e r. The volume of irrigation waste 
wat er reaching the lake was estimated from curr e nt-meter measurements at as 
many as 15 bypass points and from the appea ranc e of the gage-height t ra c e at 
the Voltage gaging station. Changes in rates of diversion were reflected as 
breaks in the trend of t h e recorder trace . 

Inflow t o Malheur Lake from the Silvies River was monitored at gaging 
stations on the East and West Forks . Flows tha t bypass ed the gaging station 
during the runoff season wer e measured periodically at as many as 12 bridges 
and culverts b e tween the two forks. Because of variable bac kwater from 
Malheur Lake, the gaging stations were equipped with water-stage record er s and 
recording velocity-deflection meters (fig . 3). 

4 
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Figure 3 - Stage-recording_gage and deflection-vane meter on East Fork of Silvies River. 
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Precipitation data were obtained from a gage at the weather station near 
the south shore of Malheur National Wildlife Refuge Headquarters. Evaporation 
data were obtained from the same weather station. 

Lake levels were continuously recorded at four sites on the lake (fig. 2) . 
Four aerial photography flights were contracted by the Corps of Engineers; 
from this photography, the Corps prepared maps delineating the perimeter of 
the water surface of the lake. The Geological Survey planimetered these maps 
to determine water-surface areas . Nine data sets in the form of computer­
compatible tapes from the Earth Resources Technology Satellite (ERTS-1) were 
also used to determine water-surface areas of the lake. The Department of 
Electrical and Computer Engineering at Oregon State University processed the 
computer-compatible tapes and, with data from these tapes and ground-truth in­
formation provided by the Geological Survey, computed water-surface areas for 
the nine data sets . These data were plotted to determine lake elevation 
versus lake-surface area relationships. 

Nine shallow ground-water observation wells ( fig . 2), one existing and 
eight constructed f or this study, were surveyed to sea-level datum . Water 
levels in the wells were measured periodically to determine the gradient of 
the water table on four lines perpendicular to the lake perimeter. To provide 
some basis for estimating hydraulic conductivity of the soil und er the lake, 
two samples of lake-bottom sediments were analyzed by the Geological Survey 
Hydrologic Laboratory in Denver, Colo. One sample was taken at a depth of 
about 20 feet (6 m) near the lake gage at the break in Cole Island Dike; the 
other sample was taken at a depth of 2 feet (0.6 m) near the gage at the south 
end of Cole Island Dike. The estimated hydraulic conductivity and the meas­
ured water-level gradients were used to estimate ground-water inflow and 
outflow. 

Water -Budget System 

The water budget as presented in this report is based on the equation 
that total inflow equals total outflow plus or minus the change in lake con­
tents. The lake bottom, shoreline, and water surface form the boundaries of 
the water-budget system, the volume of which changes as the lake level rises 
and recedes. The budget describes quantitatively the water that enters and 
leaves at the boundaries of the system and the c hang e in volume of t he system. 

THE WATER BUDGET 

The monthly water budgets pr esented in table 1 have been adjusted for 
residual error . In the first computation of the monthly water-budget 
equations, the total error was shown as a residual. In the second step, the 
budget equation was balanced by prorating that error among the individual 
components, based on the original estimated magnitude of each . For all 
months except one, the adjustment to each water-budget component was less than 
10 percent of its original estimated value . Residual adjustment for June 1972 
was 17 pe rcent. Nine of the months required an adjustment of only 5 percent 
or less . About one-third of the months required a negative inflow adj ustment 
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Tabl e 1.--Ma lheur Lake mont hly water budget showing inflow . outflow , a nd change in lake contents , in acr e - feet , for the period 
March 1 , 197 2 , co Sep t emb er 30 , 1973 

1972 water year 

l'la r. 1-
Sept . 30 

Oct . Nov . Dec . J a n . Feb . }1a r . Apr. May Jun e Jul y Aug . Sept . total 

INFLO\~ 

Silvies Riv er -- -- -- -- -- 25 , 800 23 , 300 2 ,000 700 0 0 0 51 ' 800 

Donner und Blitzen -- -- -- -- -- 24 ,000 5 , 200 ll '000 18,800 5 ,200 2 ,500 2 , 600 69 , 300 

Sodhous e Spring - - -- -- -- -- 700 700 700 700 700 700 700 4,900 

Direction precipi- -- -- -- -- -- 8 ,000 900 3,200 1,500 0 1, 800 1,700 17' 100 
ta t ion 

Tot a 1 inflow -- -- -- -- -- 58 ,500 30,100 16 , 900 2l '700 5 ,900 5 ,000 5,000 143,100 

OUTFLOW 

Outl e t at Narrows -- -- -- -- -- 7, 800 12, 600 11 ' 900 5 ' 700 1 , 700 100 0 39 , 800 

Eva potranspi- -- -- -- -- -- 6 , 600 21,700 27 , 600 38 , 500 30, 800 21, 800 10 , 800 157,800 
ration 

Tot a 1 ou t flow -- -- -- -- -- 14 , 400 34 , 300 ~9,500 44 , 200 32 , 500 21,900 10,800 197 , 600 

CHANGE IN CONTENTS -- -- -- -- -- 44 , 100 -4,200 - 22 , 600 -2 2 , 500 -26 , 600 -1 6 ,900 - 5 , 800 - 54 , 500 



1.0 

Table 1 . --Malheur lake monthl y water budg et s howing in f low, outflow , and change in lake content s , in acre - feet , for the period 
March l , 1972 , to Sept emb er 30, 1973 - - Continued 

1973 water year 

I 
Oct . Nov . Dec . Jan . Feb . Mar . Apr. May June July Aug . Sept . total 

INFLOW 

Silvies River 0 0 0 200 500 300 0 0 0 0 0 0 1,000 

Donner und B1itzen 3,400 4, 700 6 ,700 7,300 3,800 2 ,500 2 ,000 10,000 2,600 900 1, 000 l , 300 46 , 200 

Sodhouse Spring 700 700 700 700 700 700 700 700 700 800 900 900 8 , 900 

Direct precipi - 600 2,900 3 , 800 2,300 1 , 800 1,900 1 , 300 2,300 300 0 300 1 , 200 18, 700 
tat ion 

Total inflow 
~ 

4 , 700 8 , 300 ll , 200 10,500 6,800 5 ,400 4,000 13,000 3,600 1,700 2,200 3 , 400 74,800 

OUTFLO\.J 

Outl et at Narrows 0 0 0 100 600 1,300 600 600 300 0 0 0 3 , 500 

Eva potra nspi- 6 , 600 1,500 0 0 0 7 , 400 14 , 800 18,300 18,200 16,600 10 , 400 5 , 600 99 , 400 
ration 

Total outflow 6 , 600 1 , 500 0 100 600 8,7 00 15,400 18 ,900 18 , 500 16,600 10, 400 5,600 102,900 

CHANGE IN CONT ENTS -l) 900 +6,800 +11, 200 +10 , 400 +6 , 200 -3,300 -11,400 - 5,900 -1 4 , 900 -14, 900 -8 , 200 -2,200 - 28,100 

- -- - - -



(with a corresponding positive outflow adjustment). The remaining months re­
quired positive infl ow adjustments and negative outflow adjustments. 

Water budgets for the 1972 and 1973 water years are presented in tabl e 2 . 
The systematic data-collection phase of the study did not begin until March 1, 
1972; therefore , all the components of the budg e t had to be estimated f or 
October 1, 1971, through February 29 , 1972 . For the following reasons, it was 
possibl e to adequately e stimate the volumes of inflow a nd outflow for t his 
period: 

1 . From discussions with ranchers in the area, it was determined that no flow 
had reached the lake from the Silvies River from October 1 to 
February 1 . The February inflow from the Silvies to the lake was est i­
mated from a field estimate of fl ow made in February and the appearance 
of the hydrograph for Silvies River near Burns gaging station . 

2. The missing - record period occurred when there were no div ersions for irri­
gation f rom the Donner und Blitzen River and a reliable correlation 
could be made to det ermine the f low reaching the lake by using the 
records from Donner und Blit zen River near Frenchgl en gaging station. 

3 . When lake levels are at medium stag e or higher, t he fl ows out o f Sodhouse 
Spring are extremely steady. 

4 . Precipitation records were available f or this per iod . 

5 . Water did not start flowing out through The Narrows until late February 
(based on fie ld observations) . 

6 . Evapotranspiration losses are very small at this time of year . 

7 . With the exception of the Donner und Blitzen River and Sodhous e Spring, 
both of which could b e estimated quite reliably, all the flow compo­
nents represented a sma ll fraction of the total 1972 water-year budg et. 

For the 1972 water-year budget, the residual of the water-budget equation 
was considered to repr esent the change in contents of the lake . The change in 
con tents for the 1973 water year was computed dir ectl y from da ta collected 
during this study. 

INFLOW TO MALHEUR LAKE 

Inflow of water to Malheur La ke is fr om four principa l sources--surface 
runoff from the Silvies and Donn er und Blitzen Rivers , Sodhous e Spring on the 
periphery of the lake, and dir ect pr ecipitation on the lake surface . 
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Table 2.--Year ly water budgets for Malheur Lake for 19721/ and 
1973 water years 

Inflow 

Surface water: Silvies River 
Donner und Blitzen 

Ground water: Sodhous e Spr i ng 
Direct precipitation 

Total inflow 

Out flow 

Sur fa ce water: The Narrows outlet 
Evapotranspiration 

Total outflow 

Change in contents 

Acre-feet 
1972 1973 

55,000 
110,000 

8,000 
27,000 

200,000 

40,000 
170 '000 

210 ,000 

-10,000 

1,000 
46,000 

9,000 
19,000 

75 , 000 

4,000 
99,000 

103,000 

-28,000 

11 Period from Octob er l, 1971, through February 29, 1972, 
precedes data-collection phase of study. Quantities of wate r 
are estimated for this period and are considered to be reliable 
for determining relative magnitudes of sources of inflow, out­
flow, and change in contents. 

Surfac e Inflow to the Lake 

Silvies River 

The Silvies River is the second largest source of surface runof f into 
Malheur Lake. It has a drainage area o f approximately 1,200 square miles 
(3,100 km2) and a channel length of 140 miles (230 km) fr om its source to th e 
point where the West Fork enters Malheur Lake . The channel slope of the basin 
averages 6 feet per mile (l m/km), but it is no more than 2 feet per mile 
(0.4 m/km) in the lower Harney Valley, from Burns to the lake . The averag e 
elevation of the basin is about 5,000 feet (1,500 m). The upper part of th 
basin is mainly forested and the lower part is mainly semiarid rangela nd and 
irrigated cropland . 

The Silvies River forks into two distributaries, the East Fork and the 
West Fork, at a bifurcation about 1 . 5 miles (2.5 km) downstream from the town 
of Burns and about 30 miles (50 km) upstream from where the West Fork enters 
the lake. 
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During spring f looding, water enters the lake through the East Fork a nd 
West Fork channels and at many points betwe en the two channels. During the 
study , flow was gaged on the West Fork at a point about 2 miles (3 km) up­
stream from where it enters the lake and on the East Fork at a point about 5 
miles (8 km) upstream from where it enter s the lake (fig. 2 ). Nume rou s fl ow 
measurements were made at a ll points where water crossed the roa d b etween the 
East Fork and West Fork gages during spring floods. 

West Fork Silvies.--Gaging was started on the West Fork of the Silvies on 
March 1, 1972 . In March and April, 22,000 acre-feet (27 hm3 ) of water passed 
the West Fork gage, and no flow passed the West Fork gage during the remainder 
of the water year. During the 1973 water year, only about 150 acre - feet 
(0.2 hm3) passed the gage, a nd the only appreciable flow occurred in January, 
February, and March . 

East Fork Silvies .--Gaging was started on the Eas t Fork of the Silvies on 
March 1, 1972. From March through July 1972, 12,000 acre-feet (15 hm3 ) of 
water passed the gage; no flow passed the gage during the rest of the water 
year . Only 800 acre - feet (1.0 hm3) passed the East Fork Silvies gage during 
the 1973 water year. These flows occurred in J a nuary , Februa~y, and March. 

Floodflows bypassing East Fork and West Fork gag es .--As shown in table 3, 
13 sets of current -meter measurements and observations of no flow were made at 
all the bridg es and culverts a long the road b etween the East Fork and West 
Fork gages . It was a pparent through conversations with local residents that 
no flow bypas~ed the gages prior to March 197 2 during the 1972 water year . A 
total of about 18,000 acre - feet (22 hm3) bypassed the Ea st Fork and West Fork 
gages during the 1972 water year. No water bypass ed the gages and entered the 
lake during the 1973 water year . 

Net flow of the Silvi e s reaching lake .--Previous studies have suggested 
that the Silvies River is the principal contributor of inflow to Mal heur Lake. 
In contrast, this study shows that the Donner und Blitzen Riv er is the princi­
pal contributor. Previous studies were apparently in error in that they 
assumed that the flow passing Silvies River near Burns gaging station about 55 
miles (88 km) upstream from the lake and the flow passing Donner und Blitzen 
River n ear Frenchglen gaging station a bout 45 miles (72 km) upstream from t~e 
lake were representative of f lows reaching the lake . Because of the large 
quantities of irrigation water diverted below these gaging stations, this is 
not tru e . During this study the flows of the Silvies and Donner und Blitzen 
Rivers were gaged and measured as far downstream as practicable. 

During March through September 1972, 51,800 acre - feet (64 hm3) entered 
Malh eur Lake from the Silvies River basin. Reliable estimates indicate that 
about 55,000 acre-feet (68 hm3) entered the lake from the Silvies River during 
the 1972 water year. This represents a bout 28 perc ent of the total inf low and 
33 percent of the total surface inflow. Onl y 1,000 acre - feet (1 hm3) from the 
Si l vies reached the lake during the 1973 water year. This is about 1 percent 
of the total inflow and 2 percent of the surface inflow. 
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Table 3.--lnflow to Malheur Lake that bypassed East 
Fork and West Fork Silvies River gages 

Number of bypass Measured 

Date sites (bridges discharge 
and culverts) (ft3/s) 

1972 

Mar. 4 0 0 
Mar. 11 1 17.8 
Mar. 18 7 182 
Mar. 31 6 302 
Apr. 6 5 156 

Apr. 19 12 152 
May 3 3 37.2 
May 13 4 32.4 
May 19 2 21.9 
June 2 2 9 . 9 

June 15 1 1.9 
June 28 1 .38 
July 12 0 0 

Flow of the Silvies River during the study period compared to the long­
term average.--In using the flow data collected during the study period, the 
relationship of runoff during the study to the long-term average should be 
considered. The U.S. Geological Survey has published records for a stream­
gaging station on the Silvies River near Burns for 60 years (1903-5, 1909-12, 
1917-21, 1922-73). Because of large-scale irrigation diversion, the r ecords 
for Silvies River near Burns cannot be used directly in determining the volume 
of flow reaching the lake from the Silvies River basin, but they can be used 
as an index to the magnitude of the runoff in the basin. Using this gaging 
station as an index, figure 4 illustrates that the runof f from the Silvies 
was well above average during the 1972 water year, 162,000 acre-feet (200 hm3 ) 
compared to the 60-year average of 118,000 acre - feet (150 hm3). Flow was well 
below average in the 1973 water year, 51,000 acre-feet (62 hm3) compared to 
the 60-year average of 118,000 acre - feet (150 hm3). Average flow for water 
years 1972 and 1973 was about 90 percent of the long-term average annual flow. 

Effects on f low of upstream management practices.--Presently, the only 
management practice that significantly affects the volume of flow reaching the 
lake is irrigation. The U.S. Department of Agriculture (1967) reported that 
there are 122,700 acres (497 km2) of cropland irrigated from streamflow 
sources in the Silvies River basin. 

Most of the streamflow from the basin is diverted for irrigation before 
it reaches Mal heur Lake. In years of very low snowpack, all the f low is di­
verted and used before it reaches the lake, but in years of above -no rmal 
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pr ecipitation, such as the 1972 water year, about one-third of the r unof f 
reaches the lake . 

The drainage area of Silvies River near Burns gaging station is 934 
square miles ( 2 ,420 km2), This is about thr ee - fourt hs of its drainage area 
where it enters the lake. Much less fl ow enters the lake than pass es the up­
stream gaging station, as shown in figure 5. In the 1972 water year, 162,000 
acre-feet (200 hm3) passed the upstream gage and only 55,000 acre-feet 
(68 hm3) reached the lake. In the 1973 water year, 51,000 acre-f ee t (63 hm3) 
passed the upstream gage and only 1,000 acre-feet (1 hm3) flows into Malheur 
Lake. 

14 



~· 

·.v 

2000 

1000 

0 500 
z 
0 
u 
w 
(j) 200 
a: 
w 
"-
1- 100 
w 
w 
u.. 
u 1 50 
co 
:::J 
u 
~ 20 
w· 
Cl 10 a: 
<( 
I 
u 5 (j) 

0 

2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
\. 

I 
\I\ 

\ 
\ 
I ,._ 
I 

I " I J I._, 
I r I 
\ r' 1 
I I I 
I I I 
I I I 

\~Reaching lake------- / 
I 
\ 

I I I 

M s 

Figure 5 - Hydrographs for the Silvies River comparing flows passing the gaging station 
near Burns with flows reaching Malheur Lake. 
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The Donner und Blitzen River, known loca lly as the " Blitzen, " is the 
largest source of inflow to Malheur Lake. Its major source of water is from 
snowmelt on Ste ens Mountain. It has a drainage area of about 760 s quar e mil e s 
(2,000 km2 ) and a main channel length of about 70 miles (110 km). Its basin 
ranges in eleva tion from 4,090 feet (1,250 m) a t Malheur Lake to 9,670 feet 
(2,950 m) at a summit in Steens Mountain. Channel slope on Steens Mountain 
above Fish Creek at river mile 48 (77 km) is 100 fee t p er mil e (20 m/km); 
chann e l slope below Fish Creek in the Blitzen Valley is l e ss tha n 10 fee t p e r 
mile (2 m/km) . Just south of Malheur Lake , the s lope is less than 2 feet p er 
mile (0.4 m/km) . The upper part o f the drainage area is covered with nativ e 
grass and scatt ered juniper and aspen. The lower part consists of rangeland, 
some irrigated cropland, and artificial ponds a nd meadows established f o r 
wildlife habitat. 

Gaging station Donner und Blitzen Rive r near Voltage was reestablished 
for this study a nd is about 2 miles ( 3 km) upst ream from Malheur Lake and just 
downstream f rom Sod House Dam. Water is diverted at and abov e Sod House Dam 
for irrigation . Most of this diverted water is used consumptively b y 
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vegetation, some infiltrates the alluvium to recharge the shallow water tabl 
and some reaches the lake as irrigation waste. 

As shown in table 4, 17 sets of current-meter measurements and five no­
flow observations were used to determine estimates for flow bypassing the 
gaging station but reaching the lake. These estimates indicate that 14,000 
acre-feet (17 hm3) of irrigation waste reached the lake in the 1972 water year 
and 10,000 acre-feet (12 hm3) in 1973 water year . 

Table 4.--Inflow bypassing Donner und Blitzen River 
near Voltage gage and crossing Sod House Lane 

Number of bypass Measured 
Date sites (bridges discharge 

and culverts) (ft3 /s) 

1972 

Mar . 2 1 9.19 
Mar. 3 1 6.86 
Mar . 11 2 8.56 
Mar . 19 1 1.48 
Mar . 28 0 0 

Apr. 20 1 13 . 8 
May 2 8 24 . 8 
May 12 6 114 
May 17 12 156 
June 1 12 155 

June 14 10 124 
June 28 7 50.3 
July 12 1 1 (est.) 
July 26 0 0 

1973 

Mar. 21 0 0 
Apr. 5 0 0 
Apr. 17 2 . 6 
May 1 13 76.6 
May 17 15 115 

May 30 13 118 
June 13 14 23.3 
Jun e 27 0 0 
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During March through September 1972, 69,300 acre-feet (85 hm3) entered 
Malheur Lake from the Donner und Blitzen River . The contribution of water to 
the l ake for the 1972 water year was 110,000 acre-feet (140 hm3). This repre ­
sents 58 perc ent of the total inflow and 66 percent of the surface inflow to 
Malheur Lake. 

In the 1973 water yearj inflow to the lake from the Donner und Blitzen 
was 46,000 acre-feet (56 hm ) or 62 percent of the total inflow and 98 percent 
of the surface inflow. 

Flow of the Donner und Blitzen River during the study period compared to 
the long-term average .- -The Geological Survey has published records for a 
stream-gaging station on the Donner und Blitzen River near Frenchglen for 43 
years (1911-13, 1914-16, 1938-73). Figure 4 shows that the f low of the Donner 
und Blitzen was abov e average during the 1972 water year--1 06,000 acre-feet 
(130 hm3) compared to the 43-year average of 86,000 acre-feet (110,000 hm3). 
Flow was below average in the 1973 water year- -65 ,000 acre-feet (80 hm3) com­
pared to the 43-year average of 86,000 acre-feet (110,000 hm3) . The average 
for 1972 and 1973 was about the same as the 43-year average annual flow . 

Effects of upstream management practices. Although affected to a lesser 
extent than the flow of the Silvies River, the flow of the Donner und Blitzen 
River is substantially reduced by diversions upstream from Malheur Lake. 

The drainage area of Donner und Blitzen River near Frenchglen is approx i­
mately 200 square miles (500 km2) but increases to approximately 760 square 
miles (2,000 km2) where the river enters the lake. There are several signifi­
cant streams entering the Donne r und Blitzen below the Frenchglen gage, in­
cluding Bridge Creek, with an average annual flow of 9,800 acre-feet (12 hm3); 
Krumbo Creek; and Kiger Creek. In 1972, 106 , 000 acre - feet (130 hm3) passed 
Donner und Blitzen River near Frenchglen gage , and 110,000 acre-feet (140 hm3 ) 
of water reached the lake. In the 1973 water year, 65 ,000 acre-feet (80 hm3) 
pass ed the upstream gage and 46,000 acre - feet (57 hm3) reached the lake. 

According to the U. S. Department of Agriculture (1967), 39,600 acres 
(160 km2) were irrigated from streams in the Donner und Blitzen River basin. 
Water is also diverted to maintain the wildlife marshes in the lower Donner 
und Blitzen Valley. It is stated in Refuge Leaflet 47-AR that "Most of the 
ponds and the meadows of the Blitzen Valley a nd Doubl e -0 are artificia l and 
are regulated by a system of dikes, canals, and water control structures." 
The water supplied for this sytem is diverted from streams in the Donner und 
Blitzen River basin . 

The hydrographs of flows passing the Frenchglen and Voltage gaging 
stations (fig. 6) illustrate the effect on flow of div ersions between the two 
stations . The shaded area gives a general indication of the volume of di­
v ersions started early in April 1972 and lasted · t~rough the middle of July 
1972 . Heavy diversion activity started again late in March 1973 and lasted 
until late in September 1973. 
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Figure 6 - Hydrographs of the Donner und Blitzen River compar ing flows passing the 
Frenchglen gaging station with flows passing the Voltage gaging station. (The shaded 
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It shou ld be noted that the hydrograph shows the flow at the Voltage 
gaging station. This flow does not includ e that part of the irrigation f low 
that reac hes the lake after being diverted above Sod Hous e Dam. As stated 
be fore , the values shown in the water budget (tables 2 and 3) do include this 
irrigation waste that reaches the lake . 

Noncontributing Surface Drainages 

During this study, contribution of flow from Malheur Slough was negligi­
ble. As shown in table 5, flow was observed entering the lake on only 3 of 15 
field inspections . The total volume of water entering the lake from Malheur 
Slough during this study was probably less than 50 acre-feet (0.06 hm3 ) per 
year. 

There are several noncontributing drainages on the north side of Malheur 
Lake; one of these is Poison Creek, a stream about 17 miles (27 km) long, 
heading in Malheur National Forest and flowing southward to a flat area where 
it becomes Poison Creek Slough a nd continuing about 9 miles (14 km), where it 
disappears in cultivated fields about 10 miles (16 km) southeast of Burns. 
Other such noncontributing drainages on the north side o f the lake are Prater, 
Soldier, Cof feep ot, Rattlesnake, Cow, Big Rock, Curtis, and Crowcamp Creeks . 
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Table 5.--Inflow to Mal heur Lake from 
Malheur Slough 

Date 

1972 

Mar . 
Mar . 
Mar . 
Apr. 
May 
June 

1973 

Jan . 
Feb . 
Mar . 
Mar . 
Apr. 

Apr . 
May 
Sept. 

11 
18 
31 
19 

5 
27 

10 
8 
6 

20 
4 

18 
1 

25 

Measured 
discharge 
(ft 3 Is) 

0 
.49 

0 
0 
0 
0 

0 
0 

.1 

.01 
0 

0 
0 
0 

On the south side of the lake, Riddle Creek drains off Steens Mountain 
and t erminates in a small interior basin at Barton Lake and at Dry Lake Reser­
voir and does not reach Malheur Lake . 

Inflow from Direct Precipitation on the Lake Surface 

Precipitation records fr om the weather station at the Malheur National 
Wildlife Refuge Headquarters, along wi th daily water - surface areas determined 
during this study, were us ed to estimate the volume of precipitation falling 
directly on the lake ' s water surface . 

During March 1972 through September 1972, 17,000 acre-feet (21 hm3) of 
water entered the lake by direct precipitation. From analysis of the addi­
tional weather records for Octob er 1, 1971, to March 1972 and estimat ed lak 
areas, it is estimated that 27 ,000 acre-feet (33 hm3) entered the lake from 
this source during the 1972 water year . This accounts for 14 percent of the 
total inflow for 1972. In the 1973 water year, 19,000 acre-feet (23 hm3 ), 
which represents 25 percent of the total inflow, entered the lake as precipi­
tation directly on the surface of the lake. 
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Precipitation at the weather station was 8.30 inches ( 21 mm) in 1972 
water year and 7.89 inches (20 mm) in 1973 water year. The average annual 
precipitation recorded at the weather station over the past 15 years is 8.97 
inches (23 rnrn). 

Ground-Water Inflow 

Inflow from springs and from seepage through the lakebed from the ground­
water table was considered in this study. Inflow from Sodhouse Spring was de­
termined to be the only appreciable source of ground-water inflow to the lake, 
although some seepage from the shallow ground-water table may occur during 
periods of low lake level over a small area near the mouth of Donner und 
Blitzen River. 

Seepage into Lake from the Ground-Water Table 

The three shallow ground-water observation wells on a line from the north 
and perpendicular to the lake were monitored 23 times at fairly regular inter­
vals during this study. The ground-water gradient was always away from the 
lake and was always 0.0005 or less. The three shallow wells on a line from 
the southeast were monitored 14 times, and the gradient was always away from 
the lake and very flat (0.0001 or less). The gradient along the line of wells 
from the southwest (line C-C ', fig. 7) was always toward the lake and ranged 
from 0 . 0001 to 0.0004 . However, the gradient from the lake surface to the 
ground-water level at the well closest to the lake was always away from the 
lake, except for those times when that part of the lakebed was dry. When the 
lakebed was dry along line C- C', the water level at the well closest to the 
lake was loJer than the bed of the lake. 

The gradient from the lake surface to the well west of the lake was 
always away from the lake and averaged about 0.0004. (See line D-D', fig . 7.) 
Figure 7 shows the ground-water profiles to the lake surface for a relatively 
high and relatively low lake stage. Because the lake is perched above the 
local water table over nearly all its area, water seeps into the lake from the 
shallow water table only from a small area along the south shore, and then 
only during periods of low lake level. 

Sodhouse Spring 

The area along the south side of the lake and extending south into the 
Donner und Blitzen River drainage basin is one of late volcanic lava flows and 
cinders. Several large-yielding irrigation wells tap a regional ground-water 
body in these rocks, from which springs issue near the mouth of the river. 
Small quantities of water also flow from a few artesian wells n ear the edge of 
the lake. 

Sodhouse Spring is the largest of the springs issuing from the volcanic 
rock, and it contributes the only measurable ground-water inflow to th e lake. 
The other springs and flowing wells contribute negligible amounts . In the 
1972 water year, Sodhouse Spring contributed 8,000 acre-feet (10 hm3) or 5 
percent of the total inflow to Malheur Lake. In the relatively dry, 
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low-runoff water year of 1973, the s pring contributed 9,000 acre - feet (11 hm3 ) 
or 12 percent of the total inflow. 

The outlet o f the spring is damm e d and gated to form a pond just above 
where it enters the lake via the Donner und Blitzen River . When lake stages 
are high ( e levation about 4,09 3 -4,094 f t, or 1,248 m), the lake creates back­
water in the Donn er und Blitz en River channel. This, in turn, causes back­
water on the s pring discharge point and controls the l eve l of the pond. When 
lake levels are low, the gate on the outlet structure controls the l ev e l of 
the pond . During periods of low lake lev e ls, the gate may b e opened so that 
the s pring discharges freely, thus increasing the hydraulic gradient and the 
f low from the spring orifice . Such a flow condition is illustrat ed b y the 
August 29, 1973, measurement (table 6) . Throughout much of the 1973 water 
year, lake l eve ls were low, and in lat e summer the outlet gate was open, 
accounting for a slight increase in the annual quantity of inflow f rom the 
spring over tha t in the 1972 water year . 

Table 6 .--Inflow at Sodhous e Spring 

Measured 
Dat e discharge 

( ft3/s ) 

Oct . 6, 1972 11 . 0 

July 10, 1973 11.0 
July 24 14 . 6 
Aug. 8 12.3 
Aug. 29 18.4 
Oct. 4 12.1 
Oct . 16 12.0 

The regiona l ground-wa ter body in the volcanic-rock aquifer has a water­
tabl e surface which slopes gently northward toward the lake and toward an ar ea 
near the south and southwest shore where it intersects the southward-sl oping 
water tabl e in the lake sediments b eneath and immediat e ly adjacent to the 
lake. From here the water-tabl e slope is deflect e d generally westward toward 
Harney Lake . Near the south shore o f the lake, a nd parcicularl y east of 
Sodhouse Spring, several wells tapping the volcanic-rock aquifer ha ve hydro ­
static h eads a few feet above lake level at times of lower l a k e stag es. Thes e 
wells indicate that near the lake margin the int erb e dd e d or southward-lapping 
lake sediments confine the ground -water body in local areas . Sodhouse Spring, 
which issu e s at or near lake level when the lake is at h igh stage, discharges 
freely during low e r stages and creates a local d epress ion in the water - table 
sur f ace. 

When the l a ke is at its lowest level, the water-level diff er enc e between 
the lake surface and the regional ground -water body is greatest , as is the po­
t ential for ground-water inflow . However, the dif fe r ence is still quit e small 
and, b ecause water would have to seep through the confining lakeb e d s ediments 
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which have very low permeabilities, the rate of seepage is considered to be 
negligible. Conversely, when the lake is at a high stage of 4,093-4,094 feet 
(1,238 m) , the elevations of the lake surface and Sodhouse Spring orifice are 
nearly identical, thus reducing the gradient toward the lake and the potential 
for ground-water seepage. 

OUTFLOW FROM MALHEUR LAKE 

Evapotranspiration is the principal means of outflow from the lake. In 
years of high runoff, a fairly large volume of water f lows through Malheur 
Lake outlet at The Narrows. This study indicates that ground-water losses 
fr om the lake are insignificant. 

Surface Out flow 

The only surface outflow from Malheur Lake is at the outlet at The 
Narrows. This water flows into Mud Lake and then, if not obstructed, into 
Harney Lake, the sump of the closed basin. In 1972 and 1973 the Mud Lake out­
let was dammed to provide irrigation water be fore it reached Harney Lake, 
where it would become unusable because of poor water quality. Figure 9 shows 
the backwater effect of this damming on the lake elevation at the Narrows 
gage . 

Gaging was started at the outlet on March 1, 1972. Prior to gaging, 
there was no flow through the outlet from Octob er 1971 until late in February 
of 1972. The 1972 water year outflow through The Narrows was 40,000 acre-feet 
(50 hm3 ) or 20 percen3 of the total out fl ow. In the 1973 water year only about 
4,000 acre-feet (5 hm ) (or 4 percent of the total outflow) discharged through 
The Narrows. 

Evapotranspiration Losses 

About half the lake surface is covered by emergent aquatic vegetation and 
the other half is open water . Water is lost by transpiration from the hydro­
phytes and evaporation from the open water surface. Identi fying quantitatively 
the area of emergent vegetation was beyond the scope of this investigation. 
The total lake surface, including that part covered with aquatic vegetation 
and that part that is open water, is considered as a unit. The estimates of 
evapotranspiration are based on the as sumption that evaporation from a shallow 
lake approximates the potential evapotranspiration in the local area (Cruff 
and Thompson, 1967, p. M26). Because only the surface area inside the shore­
line is being considered, evapotranspiration always equals potential 
evapotranspiration. 

An examination of ERTS-1 imagery of Malheur Lake (discussed in more 
detail later ) indicates that the solar radiation off the emergent vegetation 
is equivalent to the solar radiation off the open-water sur face . This tends 
to agree with the previously stated assumption . Also, the data of Gay and 
Holbo (1971) indicate that the percentage of solar radiation off the marsh 
area at Malheur Lake is similar to the percentage that would be reflected off 
the open water. 
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During the second year of the study, pan evaporation was measured using 
a National Weather Service Class A land pan at the south edge of the lake at 
the Malheur National Wildlife Refuge Headquart ers . The gage is maintained by 
refuge headquarters personnel . A regional coefficient of 0 . 74 (Kohler and 
others, 1959, pl. 3) was applied to the pan evaporation to obtain the lake­
surface evaporation rate . To estimate evapotranspiration losses, the depth 
of evaporation was multipled by the surface area of the lake. Evaporation 
from the Refuge pan was compared with evaporation pan records for the Warm 
Springs Reservoir about 30 miles (50 km) northeast of Malheur Lake and for 
Malheur Experiment Station about 100 miles (160 km) to the northeast . The 
results of these comparisons were used to estimate the missing record at 
Malheur Lake . This includes the first year of this study, when the Malheur 
Lake evaporation pan was not in operation. Evapotranspiration is assumed to 
b e negligible during winter because the lake is generally ice covered from 
December through much of March. 

Monthly estimates of evapotranspiration are considered to be rather 
gross, although yearly estimates of evapotranspiration are considered to be 
quite reliable . Evapotranspiration accounts for by far the largest outflow 
of water from Malheur Lake (80 percent during the 1972 water year and 96 per­
cent during the 1973 water year) . 

The evapotranspiration estimated for this study is equivalent to about 
40 inches (1,000 mm) per year . 

Ground-Water Out flow 

The ground-water profiles (fig. 7) and the ground-water-leve l gradients 
measured during this study indicate that the lake is losing water b y seepage; 
however, because of the lmv gradients and the extremely low permeability of 
the deposits underlying the lakebed, the loss to ground water is con-
sidered to be insignificant. To obtain data on permeability of the lakebed 
sediments , two samples from the lakebed were analyzed at the Geological Survey 
Hydrologic Laboratory in Denver, Colo. One sample, taken at 2- to 3-foot 
(0. 5 -1-m) depth, was silt with a median grain size of 7 micrometres . Another 
sample , from the 15- to 20-foot (4.5-6 -m) depth, was a silty clay with a 
median grain size of 2 micrometres . Materia l of this size has an extremely 
low permeability, and sediments of essentially identical grain -size distri­
bution from other areas have calculated hydraulic conductivities of about 
10-4 metres/day . Cons equently , it does not appear likely that significant 
quantities of water are lost from the lake by seepage through the lakebed 
sediments . 

There has been conjecture (Phillips and Van Denburgh, 1971) that there 
may be l eakage of water into the "peat bogs" at the north edge of the lake . 
Statements about this leakage refer to Piper, Robinson, and Park (1939, p. 
30). Piper, Robinson, a nd Park mentioned peat beds about 2 feet (0.6 m) 
thick on the north and south margins of the lake and indicated that the peat 
is underlain by fine detrital sediments. They did not mention any deep peat 
bogs at Malheur Lake nor water losses to peat bogs. In any case, the peat 
(or muck which is more decomposed and consolidated than peat) layer is thin 
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and is und erlain b y a silty clay of v ery low p ermeability . Stateme nts b y 
Piper, Robinson, and Park (1939) and data collected f or this study do not in­
dica t e any cons equenti a l loss of water b y s eepage to peat bogs . Data obt a in e d 
during this study ind ica te that loss e s from the lake to ground wat e r are in­
significant, probab l y less than 500 acre-feet (0.6 hm3) per year . 

CHANGE IN LAKE CONTENTS 

Changes in l a ke contents were determined b y months . Lake wat er -surfac e 
e l evations wer e mon itor ed, and surface areas were comput e d from data provid e d 
b y aerial photography a nd ERTS-1. A relationship betwee n stag e and lake ­
surface area was developed from the se data. To determine the monthly change 
in contents, changes in month- end water -sur face e l evations a nd lake wa t er ­
surface areas were applied t o the end -area formula . 

Lake Wa te r -Sur face El evations 

Because of the compl ex geometry of the l ake and lakeb e d, water l evels are 
not equal at all points on the l a ke. Lake l evels were monito red at f iv e dif­
fe rent loca tion s on Malheur Lake ( fig . 8) . Analysis o f the records from th 
lake - level gages indicates that the record for the gage a t the br eak in Cole 
Island Dike is the most representative of the water l evel of the main body o f 
the lake. 

Duebb er t (1969, p . 7) de fined thr ee distinct ecological units on Malheur 
Lake . On e unit li es b e tween Th e Narrows at the west end of the lake a nd a 
north-south ridg e , Graves Point. Another unit li es b e tween th e n or th-south 
ridges of Graves Point and Cole Island Dike, a nd a third unit is east of Cole 
Island Dike . Data collected for this study indicate that th e s e same bound­
ari e s define three distinct hydraulic units. 

The unit bound e d b y Graves Point a nd Cole Island Dike (c entral unit, fig . 
8 ) is the main bod y of the lake . That unit receiv e s wat er directly from the 
Donn er und Blitzen River and from the East and West Forks of the Silvies 
River. It has th e deepest water in the lake and is the l a st part of the lak 
to go dry during extreme droughts . Of th e five gages used during this study, 
the gage at the break in Cole Island Dike ( f i g . 8 , gage 3) b es t r e pr esent e d 
the water level for this unit . 

When the water surface in the central unit rea ches an e levation of about 
4,091 feet (1,247 m), water star ts to f low through the breaks in Cole Island 
Dike into the eas t unit. Subsequently, when the water level in the central 
unit recedes, water flows back out of the east unit into the main unit through 
the same br eaks in the dike. It follows that when water is rising rapidly in 
the central unit, water - surface e levations are highe r than in th e ea st unit 
and , conversely , whe n the water levels are dropp ing rapidl y in the central 
unit, its water lev e ls are lower than in the east unit. When water levels are 
a bov e 4,091 feet (1, 247 m) and holding fairly steadily, the water - sur face e le ­
vations wi ll equalize b e tween the central a nd ea st units . Data from gage 4 
( f i g . 8) r epres e nt the water level at the extreme upper end of the east unit. 
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Duebbert (1969, p. 8) d e scribed the unit to the west o f Grav e s Point as 
" a series of ponds 10 to 500 acres (4 to 200 hm2) in size, separated by a com­
pl ex n etwork of upland islands and peninsulas * * * . '' Whe n the water-surface 
elev ation in this unit reaches about 4,092 feet (1,247 m), water starts to 
move toward the outlet through this comp l ex network of islands and p eninsul a s. 

Da t a from the gage a t Graves Point r ep resent the water -su rface e l evation 
at the upp er end of t h e west unit, and data from the ou tlet gage at The 
Narrow s represent the wa t er -sur f ac e elevation at the lower end . The wa ter­
surface profil e b etween the t wo gages is not defined, but the topography in­
d ica t es that it is irregular . 
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Hydrographs for the outl e t a t The Narrows a nd for the l ake at the b reak 
in Cole Isla nd Dike are shown in f i gur e 9. A careful ana l ysis o f all t h e 
water-level records indicates that the water l evels f or the gage at the br eak 
in the dike and the gage at Graves Point are virtually the same when water 
levels a r e above 4,092 feet (1 , 247 m) e levation . Figure 9 shows two dis­
similarly shaped hydrog raphs . The reason for the di fferent shapes is that The 
Narrows is separated from the main body o f the l ake by a topogra phic control 
that affects the hydra ul ic connec tion between The Narrows a nd the main bod y o f 
the l ake; a l s o, the lake e levations a t The Narrows are affected by even ts that 
occur downstream as well as upstream from the gage . The wa ter l eve l rises at 
Th e Narrows as \vater overflo\vS fr om the main lake . Rises a lso occur at The 
Narrows when water is dammed dmvnstream for irrigation use. The hydrograph 
shows two such rises , starting on June 4 a nd July 1, 1972. The stage record 
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from the Narrows gage cannot be used to directly define the area or capacity 
of Malheur Lake. 

Det ermination of Lake Wa t er - Surface Areas 

From March 1, 1972, through September 30 , 1973 , the water - surface e l e­
vation of t he main body of the lake varied by only 3 . 5 fee t (1m), whereas th e 
surface area of the lake ranged f r om 15 ,000 to 62 ,000 acres (6,000 to 25 ,000 
hm2 ). Most of this range in water - surface area is demonstrat ed by t he ERTS -1 
imagery in figure 10 . 

Four scale-accurate line ma ps of t he water - surface boundaries of Mal heur 
Lake were prepared b y the Corps of Engineers , from aerial photograp hy . These 
maps were planimetered by the Geo logical Survey to determine the water-surface 
areas , and the results are given in t ab l e 7. 

Table 7.--Wa t er -sur fa ce areas of Malheur La ke 

Lake water - Lake water-surfac e area (acres ) 

Date 
surface 

elevation.1/ Planimetered from Determined from 
( feet ) aeria l-photo maps ERTS -1 t apes 

1972 

Apr. 19 4 ,094 . 6 59 ,000 --
June 5 4,094.0 57,000 --
July 25 4,093. 2 -- 36 ,000 
Aug. 3 4,093 .0 39,000 --
Oct. 18 4,092 . 3 28,000 --
Oct. 23 4 ,092.3 -- 27,000 

1973 

Apr. 3 4,093 , 3 -- 42,000 
May 9 4,093.0 -- 35 ,000 
July 2 4,092.2 -- 24 ,000 
July 20 4, 091.8 -- 21,000 
Aug . 7 2/4,091.5 -- 19,000 
Sept. 13 2/·091.0 -- 17,000 
Oct. 18 - 4,090.8 -- 16 ,000 

l/ Elevations refer to center section of lake as gaged 
a t break in Cole Island Dike. 

II Lake lev els estimated from water -l evel surveys shown 
in figure 9. 
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Figure 10 - ERTS-1 imagery showing water surface of Malheur Lake on different dates. 
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Data from ERTS-1 were us ed to determine lake -surface areas representing 
nine water - surface eleva tions . ERTS -1 contains a multispectral scanner with 
sens ors that measure solar radiation reflected fr om the earth . By utili z ing 
an infrare d band f or a wavelength at which water absorbs most of t he sola r 
radiation and land f orms cause much greater reflection, the ERTS-1 data (sup­
pl emented by ground-truth information) can be us ed to discriminate between 
water and land . Each resolution element represents 1.125 acres (0.4 55 hm2) . 
The water area can be det ermined by counting the numb er of resolution elements 
classified as water (Herzog and others, undat ed) . The ERTS-1 data on 
comput er - compatible tapes were obtained from the EROS ( Earth Resources Ob­
servation Systems) Data Center at Sioux Falls , S.D . The tapes were proc es s ed 
and Ma lheur Lake water -su rface areas were de t ermined by the Pictorial In f or ­
mation Extraction and Enhancement Laboratory (PI XEL ) , Department of El ec trica l 
and Comput er Engineering, Oregon State University . The Geo logical Survey pro­
vided PI XEL with ground-truth informa tion to a ssist them in discriminating 
between water and land . Results of the area determinations are shown in 
tabl e 7 . 

Figure 11 shows the relation between lake elevat ion and surface area, 
bas ed on the data in tabl e 7 . Because the relationship was develop ed for data 
obtained during the study, it is valid f or that time period only . However , 
the relationship varies with changing inf low patt erns and other factors ; 
therefore, the curve in figure 11 should be used wit h caution, i f at all, for 
other time periods . 
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Also shown in figure ll is a curve showing the lake level-area relation­
ship used by Piper, Robinson, and Park (1939, pl . 6) . The two curves differ, 
partly because of physical changes in the lake since 1939, but largely because 
different methods were used to develop them. For the pr esent study, surface 
areas were determined directly, from aerial photographs or ERTS-l data, and 
were related to corresponding observed water-surfac e levels for the main bod y 
of the lake . The curve us ed in the 1939 report was developed from a contour 
map made when the lakebed was nearly dry. The lake area used also included 
Mud Lake, and the lake su~face was assumed to b e at a uniform level for the 
entir e lake area . As discussed previously, the lake-surface elevation is not 
uniform under most conditions . 

Estimation o f Monthly Change in Lake Contents 

The month-end water -su rface elevations for the main body of t h e lake and 
the water-surface areas represented by the elevations were applied to the e nd­
area formula to e stimate the change in volume of water for eac h month . 

where 

t:>.V= Change in contents of water, in acre-feet, for the month, 

t:>. S = Difference, in fee t, in lake stage at the end of the previous month 
from the lake stage at the end of the month being estimated, 

A1 Lake water-surface area , in acres, at the end of the pr ev ious month, 
a nd 

A2 Lake water -surface area, in acres, at the end of the month b e ing 
estimated . 

EVALUATION OF WATER BUDGET 

The water budg e t is used as a simple method to describe the complex 
Malheur Lake hydrologic system. Each component of the water-budget equation 
is a reliable estimate based on extensive data collection and analysis . The 
figures in the monthly and yearly water budgets describe the relative magni­
tude of inflow and outflow components of Malheur Lake. 

The water budgets provide a quantitativ e description of the lake for the 
1972 a nd 1973 water years. A much longer study period would b e n ecessary to 
define average or extreme conditions. Even though 1972 was a relatively high 
runoff year and 1973 was a relatively low runoff yea r , they do not necessarily 
represent ex tr eme conditions . For example, the runoff into Malheur Lake was 
well below average in 1973 but ther e was an above - average carryover of water 
in the lake fr om the prec eding high-runoff year (1972). Had the 1973 water 
year followe d a drought year , the water budg e t would have been considerably 
different. 
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WATER QUALITY 

Analyses of water quality of miscellaneous samples taken at all inflow 
and outflow points and at eight points within the lake (fig. 12) are shown in 
tables 8 and 9 . 

Some general statements about water quality can b e bas ed on thes e data . 
Inflows from the Donner und Blitzen River , both forks of the Silvies River , 
and Sodhouse Spring are all low in dissolved solids. Another factor con­
tributing to the rather dilute nature of the lake water is that 25 percent of 
the total inflow in the low-runoff 1973 water year was from direct precipi­
tation. As would be expected , evaporation causes the dissolved-solids con­
centration to increase as the elevation of the lake recedes . 

The data show that the calcium concentration generally remains the same 
or decreases as dissolved solids increase , whereas sodium concentration in­
creases, indicating ionic exchange with the sodium ion. The samples coll ect ed 
in June 1972 from the lake west of Cole Island Dike show a marked decrease in 
the silica concentration from earl ier samples, most likely caused by an uptake 
by diatoms . Samples collected east of Col e Island Dike did not show a 
decrease in silica . 

The chemical quality di ffers greatly from point to point in the lake as 
well as from time to time. These notic eable differences in water quality are 
largely a resu lt of the hydraulics of the lake. Some examples of how th e 
hydraulics affect the lake chemistry in this respect are : 

1. The part of the lake east of Cole Island Dike is not flushed direct l y. 
Water does not flow through this part of the lake which fills through 
the breaks in the dike when the main body of the lake rises . When the 
water lev el in the main body of the lake recedes, this section drains 
out through these same breaks. 

2. Peak inflows from the Silvies and the Donner und Blitzen Riv er s do not 
occur at the same time. Also, the quality of water in the Donner und 
Blitzen River differs from that in the Silvies River, as shown in 
table 8. 

3. The Donner und Blitzen River provides water to the lake throughout the 
year , and the Silvies River provides water to the lake only during very 
high runoff periods. 

4 . The geometry of the lake and the vegetation in the lake create an erratic 
a nd ever-changing pattern of water movement through the lake. 

5. At most times of the year, the part of the lake west of Graves Point is a 
maze of ponds, islands, and peninsulas rather than a single body of 
water . 
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Wes t Fork Si1vi es River 

Mar . 31, 19 72 285 36 100 1 -- 29 7 . 9 26 5 . 5 165 0 17 3 . 4 

Eas t Fork Si1vi s Riv er 

~1ar . 31, 197 2 109 36 70 -- 29 8 . 2 1.8 4 . 9 160 0 12 2 . 7 
June 22 , 197 2 5 . 4 31 40 0 so 16 59 8 . 8 349 0 32 8 . 3 
Feb . 9, 1973 10 31 so 10 26 7 0 7 15 3 .4 .149 0 18 3 0 1 
Apr . 17, 1973 .06 27 so 0 41 11 23 4 . 8 206 0 25 

I 5. 2 

Donn er und Blitz n Riv r 

Mar . 31 , 197 2 194 29 110 -- ll 4.8 9 . 2 1.9 73 0 4 . 0 2 . 1 
Jun e 22 , 1972 42 24 150 100 16 6 .9 ll 1. 3 102 0 8 .7 1. 2 
Feb . 8 , 1973 93 27 so 10 9 . 9 4.3 8 . 5 1. 4 71 0 4 . 9 1. 8 
Apr . 17, 1973 15 25 150 0 9.3 3 . 8 6 . 3 1. 6 58 0 3 . 7 2 . 0 
Jun e 13 , 1973 12 25 so 0 11 5 . 1 11 1.8 81 0 7 . 6 . 5 

Ma1heur Lake a t brea k in 

~1a r . 29, 1972 -- 6 . 1 40 -- 61 20 36 11 364 0 8 . 7 7 .1 
June 21, 1972 -- 2 .1 60 so 49 28 84 20 478 0 34 14 
Apr. 17, 1973 -- 17 70 0 54 37 100 28 583 0 22 19 
Jun e 13 , 1973 -- 15 70 10 56 43 140 35 729 0 39 24 

Ma 1h ur Lak on eas t side of 

Mar . 29 , 197 2 -- 27 80 -- ll 17 450 so 921 83 160 63 
June 21 , 1972 -- 39 70 10 18 25 590 68 14 10 113 190 84 
Feb . 5 , 1973 -- 32 50 0 20 52 200 23 582 30 100 40 
Apr . 17, 1973 -- 29 100 0 11 17 950 67 l7 so 145 3 50 170 
Jun e 13, 19 73 -- 26 90 10 12 24 1700 130 2740 44 1 600 320 

Ma 1heur La ke on wes t side of 

Mar . 29, 1972 -- 27 130 -- 18 8 . 8 43 5 . 6 177 0 12 8 . 6 
Jun 21 , 1972 -- 7 01 100 -- 46 25 78 12 4 57 0 15 15 
Feb . 5, 1973 -- 12 80 20 41 32 130 12 484 0 57 30 
Apr . 17, 1973 -- 17 70 0 45 41 210 20 7 55 0 70 39 
June 13, 1973 -- 15 70 0 32 55 380 29 573 265 83 70 
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mise llaneous sites and its tribucari s 
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nea r Lawen (sit e 2) 

1 0.3 1 0 . 00 1 2061 1 , . 1 1 34 1 2 6 7 . 6 

near Lawen (sit 3) 

. 2 .01 -- -- -- -- 110 0 190 -- - - 26 279 7 . 6 

. 5 . 00 l.9 1.9 0 . 03 0 . 23 198 0 377 -- -- l. 9 9 593 .0 

. 1 .00 -- -- . 04 . 08 97 0 17 8 () . 7 2 269 7 . 7 

. 2 .00 -- -- -- . 21 150 0 239 -- -- . 8 25 371 7 . 7 

near Volt ag e ( si t e 4) 
-

. l . 07 -- - - -- -- 47 0 98 -- 1 -- 29 124 7.5 

. 1 . OS . 51 . 56 . 03 . 12 68 0 120 -- -- . 6 25 170 7 . 6 
• 1 . 23 -- -- . 03 . ll 42 0 94 7 0 . 6 30 119 8 . 2 
. 0 . 29 - - -- -- . 10 39 0 82 -- -- 25 107 7.7 
.4 . 24 . 35 l.l . OS . 10 48 0 104 -- -- . 7 32 129 7 . 

Col e I s land Dike (sit e 5) 

.6 . 01 . 78 . 79 -- .OS 23 0 0 330 -- -- l.O 24 

I 
573 I 

7 . 5 
. 8 .01 l. 6 l. 6 .01 . 08 240 0 467 -- -- 2 .4 1 788 7 . 8 
.9 . 01 -- -- -- . 08 29 0 0 565 -- - - 2 . 6 0 937 7. 

l.4 . 56 l.9 2 .6 . 07 .08 32 0 0 716 -- -- 3 .4 46 1 1180 8 . l 

Cole I sland Dike (sit 6 ) 

1.1 . 00 -- -- -- -- 97 ~ I 13 20 -- -- 20 ! 6 20 0 . 7 
1.3 .oo 3 . 0 3 . 0 . 11 . 36 150 1820 -- -- 21 I 85 2640 . 8 
l.O . 00 -- -- .03 . 09 260 o l 785 8 130 5 . 4 60 1090 8.3 
1. 9 . 14 -- -- - - . 97 97 

g I 2600 -- -- 42 92 3540 8 .9 
3 . 3 2 . 8 8 . 0 ll 1.2 1. 3 130 4620 -- -- 65 93 677 0 8.9 

Col I s l a nd Dike (sit 7) 

. 4 . 00 -- -- -- -- 81 0 211 -- -- 2 . 1 51 30 7 . 6 

. 9 . 00 1.7 1.7 . 01 . 15 220 0 424 - - -- 2 . 3 42 713 --
l.l . 00 -- -- . 03 . 08 23 0 0 554 18 160 3 . 7 53 840 7.9 
1.6 .OS -- -- -- . 26 280 0 816 -- -- 5 . 5 60 1260 --
2 . 3 l. l 3 . 7 4 , 8 I . 12 . 19 310 0 1220 -- -- 9.4 71 1 80 . 7 

I I 
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Table .--Chemical analyses of waLer samples al misc~1lanLous 

n 
"""' N 
0 ..... 
Vl 

/"""". "' 
Oll Q) "' 
~ ~ ~ 

"""' ...... 
"""' ....... ...... Oll 
....._ E 
Oll 
E 

'-" """' 
Oll 

"""' ;:;:: "' '-" u 
E 
::J E .,... 

~ I } I 

Date of I "' "' '-" c 

col - I ] e g I ~ 
l ect i o_n__ o ---''--Vl---1~) 

I I Mar . 31 ' 1972 176 19 550 -- 36 16 
June 22 , 1972 103 l3 110 82 48 I 21 
Feb . 8 ' 1973 6 . 0 22 LLO 20 58 39 
Apr . 17' 1973 10 19 60 0 51 23 
Jun 13, 1973 8 . 8 28 140 I 20 44 I 19 

I 
-- 143 I I 

l'lar . 28 , 1972 -- 13 80 1 
20 

Jun e 21' ~972 -- 14 60 30 43 31 
Apr . 24, 1973 I -- 22 40 I 0 41 

I 
35 

I L9 I 100 I 1ar . 28 , L 972 -- -- 35 13 
June 21 , 1972 -- 1. 5 40 0 45 17 
Apr . 24 , 1973 -- 14 

30 I 0 54 21 
July 14, L 9 73 -- 12 30 o I 48 j 

2) 

I I 

! I I I Nar . 28 , 1972 -- 14 30 -- 31 8 . 7 
Jun e 21 , 1972 -- 1.7 30 0 45 13 
Apr . 24 , 1973 -- 17 20 0 42 I 12 
Jul y 14, 1973 -- 8 . 1 50 0 36 I 17 

I I 
I 

I 

~Ia r . 28 , 1972 -- 21 60 --

~ I 
41 18 

June 21 , 1972 -- 18 30 1 49 
I 

24 
Apr . 24 , 1973 I -- 17 50 53 30 
July 14 , 1973 -- 21 230 0 53 35 

I I 
Mar . 28 , 1972 

I 
-- L 20 -- 34 8 . 2 

Apr . 24 ' L 9 7 3 -- 13 91 0 38 9 . 91 

Oct . 16 , L 73 12 40 22 LJ 
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36 
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87 
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18 
13 
9 . 9 

l 11 

I 25 
34 

I . 7 
9 . 6 
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12 
lJ I 

I 
J . s [ 
4.9 
6 . 0 

I 9 .o I 

LL 
14 
23 

I 
24 

3 . 6 
. l 

-' 

"' c 
0 
.n ... 
"' u ..... 

<!1 

266 
3 54 

I 

534 1 

366 
316 

I 

338 
569 
554 

I 

237 
313 
363 
J 51 

L 

1n I 
262 
249 
275 

308 
383 
499 
54 7 

174 
210 

J 
/"""". 

("') 

0 
u 

'"' ..., 

/"""". ..... 
u 

.)) 

"' c 
0 
.n ... 
"' u l LJll 
la lhcur Lake Outl el 

I 
0 13 7 . 7 
0 7 . 6 5 . 2 
0 48 I 18 
0 15 12 
0 1 L 5 . 8 

~lal h ur Lake 

0 1 7 9 . 4 
0 40 19 

4 41 23 

~la lheur Lake 

0 19 6 . 4 
0 20 6 . 6 
0 7 . 6 7 . 4 
0 

l 
10 8 . 8 

Nalheur Lake 

I 0 4 . l ! 2 . sl 
0 7 . 8 4 . 0 
0 5. 21 4 .4, 
0 7 . 3 7 . 4 

lalheur Lake 

0 21 9 . 9 
0 22 9 . 71 
0 23 15 
0 26 19 

Na l heu r Lake 

0 4 . 0 3 . 2 
0 4 .9 3 . 8 

Sodhousc Spring near 

2081 0 10 



sites on 1a1heur Lakt: and its tributarit·s--Continu d 
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a t ar rows (sit e 8) 

! 

I o I I o.s 0 . 02 -- -- o~~l I 
-- 160 268 -- --

l. 31 
32 I 2 7 . 6 

. 6 . 01 . 9S . 96 0 . OS 210 0 320 I -- -- 1. 2 29 sss 7 . 6 I . 9 . 00 -- -- . 01 I . OS 310 0 SS I I 17 1SO 2 . 1 36 893 --

I 
. 6 . 16 -- - -

I 
- - . 16 22 0 0 364 -- -- l. 

I 
3 l 

I 
602 7 . 

1. 2 . L 7 1. 6 L. B . 01 . OL I 190 0 31 -- -- l. 32 503 7 . 
I I 

( s it e 9) 

. 6 . 01 . 09 190 333 3 L. o J6 7 . 8 

. 8 . 03 1. 6 1. 6 . 02 . 12 230 S63 3 . L . I 
1.0 . OS .2S 2SO 6S9 3 . 9 

(sit e ll ) 

. 4 .00 - - -- -- -- 1 0 

I 
0 263 -- i 

-- 1. 3 33 I 7 . 6 
. s . 00 1.1 1.1 . 00 . 02 L 0 0 297 - - -- I . 32 S13 8 . I 
. 6 I . 01 -- -- -- . 06 220 

~ I 
33 s - -

I 

--

I 
L. l I 26 573 . 0 

. 4S Ll 2 . 3 . 02 . 04 210 
I 

33 s -- -- I . 3 29 5S9 --
I I 

( s it e L2 ) 

! . 3 . 00 . 48 . 48 - - . OS 110 0 166 7 20 

I 

. 6 21 2 0 7 . 6 

I 

0 3 . 03 . 86 . 89 . 00 . 04 L 70 0 230 -- - - 23 39 . I 
. 4 .oo -- - - -- . 09 LSO 0 232 -- -- . 8 23 3Y7 7 . 

l.S . 24 . 95 1 3 . 0 1 -- 160 0 2 59 -- -- 1. 2 )l 450 8 .I 

( s it e 13) 

.s . 01 -- -- -- -- LBO 0 32 5 -- -- 1 . 7 37 522 1 7 . Y 

. 7 . 01 1. 5 1 . S . 00 . 09 220 0 382 -- -- 1 . 6 34 623 8 . 2 

. 8 . 0 1 -- - - -- . 13 260 0 49S -- -- 2 . L, 0 
798 I 8 . I 

1 . 0 . 42 L. 6 2 . 2 04 . 06 280 0 S49 -- -- 2 . 6 I YOo 8 . I 
I 

(sit e 14) 

. 3 . 00 - - -- -- - - I 120 

I 
0 168 - - -- . 6 21 282 7 . 6 

0 3 . 01 -- -- -- . 07 140 0 19 6 -- -- . 7 22 33 5 7 . 7 
I i 

7 . 
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Tabl e 9 .--Analyses of trace metals dissolved in waters of Malheur Lake 

{Micrograms p e r litre (ug/ll/ 

'"' 
'"' H '"' '"' ~ ~ '"' ~ 

8 '"' M '"' ~ '-' ~ u ~ 0 ~ "H 
'-' ~ '-' c ~ u '"' '-' z E '-' W "H '-' ~ '-' 
0 ~ E H E'"' ~ ~ 

"H c E ~ ~ 0 ~ ~ '-' ~ H p "H ~ "H > ~ ~ H ~ w w E "M E ~~u ~ ~ 0 ~ 

Date ~ ~ ~ ~ X 0 '-' ~ ~ ~ 0 
~ H ~ ~ w 0 w w ~ 
~ ~ ~ u ~ u H ~ z 

Malheur Lake (sit e 9) 

Mar. 28 , 1972 9 200 I 0 I 0 0 l 2 0. 2 2 

Ma lhe ur Lake ( s it e 13) 

Do. 0 0 I 0 I 0 0 0 3 3 

Sodhouse Spring (sit e 15) 

Oct. 16 , 1973 8 20 0 I 0 I 0 I 2 0 0.0 4 

Specific conductancel/ is a reliable index of salinity and diss o lv e d 
solids . Figure 12 shows that at the end of March 1972 the specific conduct­
ance of water in the lake ranged from 280 to 2,040 micromhos. Figure 12 rep­
resents a time when inflow was fairly high and the lake was rising . During 
the study, the measurements o f specific conductance rang ed from 2,040 to 
6,770 micromhos at site 6 and from 280 to 450 micromhos at site 12 (tabl e 8) . 
Thes e exampl es are mentioned only to show that the chemistry of the lake is 
very complex a nd that care must b e exercised in using the water-quality data . 

Detail ed interpretation of the wa t er -quality data is b eyond the scop e of 
thi s st udy . 

Bottom-s e diment samples taken from sites 8 , 9 , and 12 (fig. 12) were 
analyzed for p e sticide s and trace metals (tabl e 10). No pesticides were found 
in the bottom deposits from site 8. Small quantities of DDE were found in 
samples from sites 9 ( 0 . 4 ug/kg) a nd 12 (0.8 ug/kg). All three samples con­
tained large conc entrations of aluminum , but only very small concentrations o f 
other trac e me tals , 

}/ Speci f ic conductance is a measure o f the ability of a wat e r to conduct 
an e l ectrical current and is expressed in micromhos p er centimetre at 25°C. 
Because the specific conductance is r e lat e d to the numb e r of specific chemical 
types of ions in solution, it can b e used for approximating the dissolved­
solids content in the water . Commonly, the amount of dissolved solids (in 
milligrams per litre ) is a bout 65 percent of the specific conductanc e (in 
micromhos). This relation is not con stant from stream to stream nor from well 
to well, and it may even vary in the same source with changes in the compo­
sition of the water. 
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Table 10.--Chemical analyses of bottom-sediment samples at miscellaneous 
sites in Malheur Lake 

Pesticid es , in micrograms per kilogram (ug/kg) 

)...< )...< 

0 0 <lJ c ...... ...... "0 
·.-l ..c: ..c: ·.-l <lJ c )...< c u u X c 

·.-l "0 ·.-l Ill Ill 0 Ill 
)...< ...... )...< .u .u 0. "0 

Date "0 Cl w E-t <lJ "0 0. O.<ll c ...... Cl Cl Cl •.-l c <lJ <lJ ·.-l 
~ Cl Cl Cl Cl w ::r: ::r: ...:1 

Malheur Lake Outlet at Narrows (site 8) 

Oct. 17 ' 1973 0.0 0.0 1 o.o 1 o.o 1 o.o I 0 . 0 0.0 0.0 0.0 

Malheur Lake (sit e 9) 

Oc t. 16, 1973 .0 .0 I . 4 I .0 I . 0 .0 .0 .0 .0 

Malheur Lake ( site 12) 

Oct. 17 , 1973 .0 .0 , 8 .0 .0 .0 . 0 .0 .0 

Trace metals, in micrograms per gram (ug/g) 

,....... 
,....... ,....... ...... ,....... 

<fl ,....... Ill ,....... ,....... ~ ()() 
~ Ill u 0 :J ..._, ::r: ..._, I=Q ..._, u u ,....... ..._, 

..._, ..._, ..._, .0 E 
u E P-< :J ;>-, 

· .-l E :J .u H ..._, c H c :J ·.-l ...... <lJ ·.-l :J 
<lJ ·.-l E Ill 0. "0 E u 

Date <fl H "0 .g 0. Ill :J )...< 
)...< Ill Ill 0 <lJ ...... <lJ 
~ I=Q u u u ...:1 ~ ~ 

Malheur Lake Ou tlet at Narrows (sit e 8) 

Oct. 17 , 1973 3 so 1 1 I 101 10 1 10 10,000 0.0 

Ma1heur Lake ( site 9) 

Oct . 16, 1973 2 100 1 3 I 12 1 79 1 30 5,200 .0 

Malheur Lake (site 12) 

Oct. 17, 1973 4 80 
I 

3 
I 

21 17 
I 

l7 29,000 . 0 
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