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Summary

The main stem and tributaries of the Malheur River were sampled for total phosphorus 
monthly for 4 1/2 years from mid-1997 through 2001.  Samples were analyzed by the 
U.S. Bureau of Reclamation in Boise, Idaho.  Phosphorus (P) content in the river 
averaged 0.208 mg/L at Drewsey and 0.086 mg/L above Beulah Reservoir, the highest 
spots sampled on the Middle Fork and North Fork of the Malheur River respectively.  
Maximum levels at these sites were 0.43 mg/L and 0.18 mg/L respectively.  At the outlet 
of Beulah Reservoir on the North Fork of the Malheur River, total phosphorus averaged 
0.145 mg/L and reached 0.34 mg/L.  Background of phosphorus in the Malheur River 
above row crop agriculture averaged 0.175 mg/L and reached a maximum of 0.48 mg/L 
during spring runoff.

These high levels of phosphorus extending relatively far up into the Malheur River 
watershed suggest geological sources of phosphorus in the watershed.  The possible 
effect of Warmsprings Reservoir in removing phosphorus from the Middle Fork, little or 
no effect on river total P from pasture irrigation and rangeland management over an 
extended reach of the river, and phosphorus enrichment in the lower reach of the 
Malheur River near Vale and Ontario are discussed. 

Materials and Methods

A surface water monitoring program has been conducted by the Malheur Watershed 
Council and the Malheur County Soil and Water Conservation District since mid-1997.  
Grab samples were taken once per month at 31 monitoring sites throughout the 
Malheur Basin.  The U.S. Bureau of Reclamation Water Quality Lab in Boise analyzed 
the samples for six parameters: chlorophyll-a, conductivity, E.coli, nitrate, total 
phosphorus (P), and turbidity.  The presence of E.coli was a concern in the Willow 
Creek area so sampling was increased to five times per month for E.coli on nine of the 
sites.  Only the total phosphorus values from the Malheur River sites are reported here.

In addition, flow measurements at the U.S. Geological Survey gauge stations were 
recorded at the Namorf gauge station, Nevada Diversion, and at the 36th Street Bridge 
on the Malheur River.  Additional flow measurements were taken on the Middle Fork 
and the North Fork at the county bridges at Juntura and the South Fork near Riverside 
above its confluence with the Middle Fork.
Data from each of the Malheur River sites (Map 1) was subjected to descriptive 
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statistics to determine the mean, standard deviation, minimum, and maximum total P 
over the 4 1/2 years of sampling.  Data was graphed individually for each site over the 
course of each year of the last 4 years to examine visually the relationship of season 
and the irrigation season to total P content in the water.

Results and Discussion

Importance of the Current Results and Unanswered Questions
Total P levels were relatively high at all locations sampled (Table 1).  While background 
levels for total P are often in the range of 0.02 mg/L in streams descending from 
western U.S. mountains, the total P levels in the Malheur River were considerably 
higher.  These results are consistent with the survey conducted in 1978 and 1979 in 
cooperation with the EPA and Oregon Department of Environmental Quality, which 
showed relatively high total P throughout the Malheur Basin (Malheur County Court 
1981).

Results from the 1978-1979 Malheur County survey show that more orthophosphate 
was transported by the Middle Malheur River plus the North Fork of the Malheur River 
at Juntura, than by the main stem of the Malheur River east of Vale (Figure 9, Malheur 
County Court, 1981).

Uplands 
The highest elevation sampled on the Middle Fork of the Malheur River averaged 0.208 
mg/L total P at Drewsey (Fig. 1).  The maximum observed total P at this site was 0.43 
mg/L.  Above Drewsey there is irrigated meadow, rangeland, and forest.  The highest 
total P at Drewsey occurred before and after the irrigation season, consistent with either
the flush of spring runoff or the dwindling flow in late summer and early autumn.

The Malheur Watershed Council’s highest elevation sample site on the North Fork 
above Beulah Reservoir, averaged 0.086 mg/L total P above Beulah Reservoir (Fig. 4). 
The maximum observed total P at this site was 0.18 mg/L. The water that is caught and 
stored in Beulah Reservoir comes out of forest and rangeland with relatively little 
anthropogenic influence.  The analyses suggest that the natural background level of 
phosphorus is high.  Further sampling and investigation will provide information 
regarding the geological makeup of this area.

Warmsprings Reservoir
At the Middle Fork both below Drewsey and below Warmsprings Reservoir, total P 
averaged 0.178 mg/L, maximum total P reached 0.40 mg/L, and the standard deviation 
was 0.065 mg/L (Fig. 2).  The reservoir might have some effect on reducing total P in 
the Middle Fork through sedimentation, but the magnitude of the sedimentation effect 
could only be known through measures of P inputs and outputs to the reservoir over a 
number of years, which would required more intensive water sampling and flow 
measurements.  Such sampling and measurements are not viewed as a priority.
After joining with the South Fork, the river had no additional P enrichment through the 
ranch land to Juntura, averaging 0.155 mg/L total P, with a maximum of 0.42 mg/L, and 
standard deviation of 0.063 mg/L (Fig. 3).  Below Juntura, the river is immediately joined
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by the North Fork.

Beulah Reservoir
The second sampling site down the North Fork was located directly below the Beulah 
Reservoir.  Total P averaged a surprising 0.145 mg/L total P with a maximum of 0.34 
mg/L, where just a few miles above the river contained only 0.086 mg/L total P with a 
maximum of 0.18 mg/L.  The consistent sharp increase in P suggests P enrichment in 
the vicinity of the reservoir.  

Probable sources of P enrichment in this stretch of the North Fork are lake bottom 
sediments of various formations (Cummings 2000, Bowen 1956, Gray 1956).  
Sedimentary deposits underlie and surround the North Fork from about half way from 
Juntura to Beulah Reservoir and continue well beyond the reservoir to the north, east, 
and west (Cummings 2000, Wood 1976).  These sedimentary lake bottom formations 
could also be enriching the Middle Fork of the Malheur River with P.  Sedimentary rocks 
have not been collected for P analyses by the current project.

At Juntura, the North Fork averaged 0.170 mg/L with an observed maximum of 0.35 
mg/L total P (Figure 6), The two highest measurements occurred during winter runoff.  
Phosphorus levels were no higher during the pasture irrigation season than other times 
of the year.

Ranch Land Irrigation
The Malheur River winds past various areas with pasture irrigation starting at Drewsey, 
past Juntura and Namorf, and eventually past Harper, and there was no apparent P 
enrichment over this river stretch (Table 1, Figs. 7, 8, and 9).  While total P averaged 
0.178 mg/L below the outlet of Warmsprings Reservoir on the Middle Fork and 0.170 
mg/L at the outlet of the North Fork at Juntura, the total P in the Malheur River averaged
0.175 mg/L at Harper, in the range that would be expected for no additional P loading.  
In this stretch of the Malheur River, the highest observed total P at Namorf (0.48 mg/L) 
and Juntura (0.39 mg/L) occurred in association with early spring flows from snow melt 
or rain on snow (Figs. 7 and 9).  

Row Crop Farming, Communities, and Lower Malheur Basin Geology
In the lower reaches of the Malheur River, total P increased (Table 1, Figs. 10-14).  The 
most probable causes for the increase are geologic contributions, intensive agricultural 
irrigation return flows, and other human influences.  By the 36th Street Bridge in 
Ontario, total P averaged 0.357 mg/L while the minimum total P level was 0.21 mg/L 
and the maximum observed was 0.81 mg/L.  The highest levels of total P in the row 
crop stretch of the river occurred during winter or early spring flow prior to the irrigation 
season.  The high peaks in P outside of the irrigation season suggest that the 
occasional delivery of very high levels of total P to the Snake River are unavoidable in 
the P-rich Malheur River valley.

Geological contributions of P to the lower Malheur River basin are poorly understood.  
The Malheur River flows through Little Valley before reaching the confluence of Bully 
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Creek and the city of Vale.  Based on 13 widely diverse samples Brooks (1991) 
described the rocks in the Little Valley quadrangle as containing 0.42 to 1.66 percent 
phosphate.  The single basalt sample contained 0.53 percent phosphate.  Andesite 
ranged from 0.42 to 0.44 percent phosphate.  Basaltic andesite contained 0.68 to 0.81 
percent phosphate.  Limestone contained 0.52 to 1.66 percent phosphate.  It is 
unknown how far this level of P extends in rocks and sedimentary deposits of the lower 
Malheur River basin, or the rate that these rocks release P to water at present or in the 
past.

Conclusions

The phosphorus monitoring of the Malheur River in the current project demonstrated 
that the water in the Malheur River has high total P throughout its length, consistent with
earlier studies (Malheur County Court 1981).  The current study also discovered that the
water becomes enriched at the height of Beulah Reservoir on the North Fork, a site with
relatively little human P inputs or disturbances.  The enrichment of the North Fork in the 
vicinity of Beulah and of the Middle Fork above Drewsey both suggest a geological 
source or sources of P, perhaps from ancient lake deposits that also occur at those 
locations in the landscape.  The P containing geological formations need study to 
determine their influence on the P content in the Malheur River. 

Further river water contact with ranching and pasture irrigation from Drewsey to Juntura 
to Namorf to Harper had no net effect on total P in the Malheur River water.  
Subsequent to the river stretch through ranching areas, the river became further 
enriched in total P.  At Little Valley the river passes through geological deposits known to
contain 0.42 to 1.66 percent phosphate.  Starting at Little Valley, the river passes 
through row crop farming and the farming intensifies in the vicinity of Vale and Ontario.

With the high levels of total P at the headwaters, current monitoring demonstrated that 
the background of phosphorus in the Malheur River above row crop agriculture 
averaged 0.17 mg/L and reached maximums above 0.40 mg/L during winter and spring 
runoff.  Changing agricultural practices cannot reduce P levels in the river below these 
background levels.  

The Malheur Watershed Council as well as other agencies can use this information to 
better understand the relative geologic and anthropogenic causes of total P in the 
Malheur River.  Given that the background level of P is responsible for much of the P 
content in the basin, continued monitoring can still show the positive effects of projects 
and changes in farming practices on the phosphorus levels in the Malheur River.
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Map 1.  Location of Malheur River sites.
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Table 1. Total P in the main stem and the middle and north forks of the Malheur River 
based on monthly sampling from mid 1997 through 2001.  Malheur Watershed Council, 
Ontario, OR, 2001.

Location Total phosphorus

Figure   Site Place name Mean Standard 
deviation

Minimum Maximum

mg/L

Middle Fork

1   MAL108 Drewsey 0.208 0.096 0.082 0.43

2   MAL111 Riverside 0.178 0.065 0.08 0.4

3   MAL002 Juntura 0.155 0.063 0.056 0.42

North Fork

4   MAL113 Above Buleah 0.086 0.028 0.05 0.18

5   MAL112 Below Buleah 0.145 0.054 0.072 0.34

6   MAL158 Juntura 0.17 0.059 0.02 0.35

Main Stem of the Malheur River

7   MAL104 Namorf 0.167 0.066 0.074 0.48

8   MAL194 Harper 0.158 0.041 0.094 0.23

9   MAL146 Harper 0.175 0.059 0.03 0.39

10   MAL103 Little Valley 0.212 0.071 0.02 0.47

11   MAL144 SW of Vale 0.271 0.081 0.06 0.58

12   MAL011 E of Vale 0.324 0.08 0.18 0.6

13   MAL142 Butte Dr., Ontario 0.344 0.102 0.05 0.74

14   MAL140 36th St., Ontario 0.357 0.103 0.21 0.81

Figure 1. Total phosphorus in the Middle Fork of the Malheur River at site MAL108, 4 
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miles SW of Drewsey upstream of the Highway 20 bridge.
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Figure 2. Total phosphorus in the Middle Fork of the Malheur River at site MAL111, 1 
mile below Warm Springs Dam, upstream from the steel suspension bridge over the 
river.

Figure 3. Total phosphorus in the Malheur River at site MAL002, at Juntura, 150 feet 
upstream from the county bridge near the Bureau of Land Management guard station.

Figure 4. Total phosphorus in the North Fork of the Malheur River at site MAL113, above
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Buleah Reservoir, 300 feet downstream of the U.S. Geological Survey gauge station 
(lake level permitting), if not, then at gauge station.  

Figure 5. Total phosphorus in the North Fork of the Malheur River at site MAL112 below 
Beulah Reservoir, directly below the dam.  

Figure 6. Total phosphorus in the North Fork of the Malheur River at site MAL158, near 
Juntura, at the bridge site ½ mile northwest of Juntura on Beulah Road.  
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Figure. 7. Total phosphorus in the Malheur River at site MAL104, at the gauge station 
under railroad bridge, next to Highway 20 at Namorf.  

Figure 8. Total phosphorus in the Malheur River at site MAL194, above the Harper 
bridge.
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Figure 9. Total phosphorus in the Malheur River at site MAL146  near Harper, ¼ mile 
north of Highway 20 at bridge near Harper junction. 

Figure 10. Total phosphorus in the Malheur River at site MAL103, near Little Valley 11/2 
miles northwest of Highway 20, at Old Highway Bridge.  
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Figure 11. Total phosphorus in the Malheur River at site MAL144, southeast of the Vale 
airport.  

Figure 12. Total phosphorus in the Malheur River at site MAL011, between the Nevada 
Diversion Dam and the Vale mushroom farm.  

14



Figure 13. Total phosphorus in the Malheur River at site MAL142, at 11/2 miles north of 
Highway 20 on Butte Drive at the bridge.  

Figure 14. Total phosphorus in the Malheur River at site MAL140, near Ontario at the 
36th Street Bridge, which is located ½ mile south of Foothill Drive on 36th Street.  
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