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CHAPTER 4.  HYDROLOGY 

Characterization 
The Gordon Creek Watershed drains 11,159 acres of the west slope of Larch 
Mountain. Gordon Creek flows into the Sandy River near Oxbow Park, 
contributing water from 26 miles of streams in the watershed. The North 
Fork of Gordon Creek begins at a spring on the northwest side of Larch 
Mountain and flows for 3.3 miles with a 1,040-foot drop in elevation to its 
confluence with the South Fork (USFS 1992). The watershed experiences 
warm, dry summers and cool, wet winters, with most precipitation occurring 
in association with marine storms moving from the west. Approximately 62 
percent of annual precipitation (measured at Brightwood, Oregon) occurs 
from November through March. December has the most precipitation 
(about 15 percent of annual) and July has the least (less than 2 percent of 
annual). Average total annual precipitation is approximately 85 inches, 
although the amount varies considerably with elevation, from 55 to 113 
inches. Average daily temperatures in the watershed range from 36 degrees F 
in January to 64 degrees F in August.  
 

Current Conditions 
Precipitation 

There are several sources of precipitation information for the Gordon Creek 
Watershed. Measured precipitation data were obtained from the Brightwood 
station, located 9.2 miles southwest of the edge of the watershed at an 
elevation of 1,070 feet, which is the nearest station to the Gordon Creek 
Watershed. In addition, climatologists at Oregon State University have 
developed the PRISM model, which estimates average annual precipitation 
throughout Oregon. Finally, the SNOTEL program of the Natural Resource 
Conservation Service (NRCS) collects data on snow accumulation. The 
nearest SNOTEL station to the Gordon Creek Watershed is the South Fork 
Bull Run station (22D03S) which is located 4.7 miles southeast of the 
watershed at an elevation of 2,630 feet. 
 
The Brightwood station has two periods of record for precipitation: 1958 to 
1981 and 1971 to 2000.  Average monthly precipitation for each of these 
records is shown in Figure 4-1. The highest amounts of precipitation are 
received from November to January, reaching 12.5 inches in December. 
Average monthly precipitation in October through January during the period 
from 1971 through 2000 is slightly lower compared to the record from 1958 
through 1981 but quite similar between the periods for the other months of 
the year. 
 
The PRISM model was developed by researchers at Oregon State University 
to estimate climatological conditions across the state of Oregon (Daly et al. 
1994). The modeled precipitation data for the Gordon Creek Watershed are 
shown in Map 4-1. Modeled mean annual precipitation ranges from 55 
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Map 4-1. Modeled precipitation for Gordon Creek Watershed.  Source:  Oregon Climate Service. 
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Figure 4-1. Average monthly precipitation measured at Brightwood, Oregon. 

Average Precipitation by Month Near Brightwood, Oregon

14

12
)sehc 10

ni (n 8

oitati 6

p
re

ci

4

P

2

0
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Month

1958-1981
1971-2000

 
 
 
inches near the mouth of the river to 115 inches in the upper elevations of 
the watershed near Larch Mountain. The average annual precipitation for the 
watershed as a whole is approximately 85 inches.  
 
Winter precipitation may fall as snow and accumulate, for at least short 
periods, at elevations above 1,500 ft. Approximately 68 percent of the 
watershed area lies above 1,500 ft elevation. Snow pack data were obtained 
from the Natural Resource Conservation Service (NRCS 2006) for the 
nearest snow survey site, South Fork Bull Run River. This site is at 2,630 ft 
elevation in a watershed a few miles south with a similar orientation to the 
Gordon Creek Watershed. Snow pack measurements for the period 1998 
through 2005 are shown in Figure 4-2. Average monthly snow pack on the 
first of the month for the period of record is shown in Figure 4-3. The 
largest snow pack measurements (in snow water equivalent) were February 1, 
2001 (11.0 in) and March 15, 2002 (11.9 in). 
 

Stream Flow 
There are no stream gages in the Gordon Creek Watershed. Historical stream 
flow data were obtained for the US Geological Survey (USGS) gaging station 
at the Sandy River Below Bull Run River (Site 14142500), the closest 
available station. Data from this station are not representative of actual 
discharge volumes from the Gordon Creek Watershed because it measures 
stream flow from the much larger Sandy River basin. The Gordon Creek 
Watershed is a subbasin (6th field) of the Sandy River basin.  Therefore, the 
general pattern of stream flow in Gordon Creek may be similar, although of
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Figure 4-2. Snow pack measurements at South Fork Bull Run for the period of 

record, 1998 through 2005.   
 
 
 
 

 
Figure 4-3.  Average first-of-month snow pack at South Fork Bull Run for the 

period of record , 1998 through 2005.   
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smaller amplitude. The available period of record for this station is from 
1910 to 1914, 1929 to 1966, and 1984 to 2004. Stream flow in both the Sandy 
River and Gordon Creek is driven by precipitation, and follows a similar 
pattern; high flow in the winter and low flow in the summer. Average 
monthly flow data for the period of record are shown in Figure 4-4.  
 
The Sandy River receives flow from melting glaciers on Mr. Hood during the 
summer. There are no glaciers in the Gordon Creek Watershed, so 
summertime discharge patterns in Gordon Creek may differ from the Sandy 
River. An estimate of that difference can be seen by comparing flow in the 
Sandy River with that in the South Fork Bull Run River, a nearby stream with 
similar orientation and elevation as Gordon Creek, as shown in Figure 4-5. 
The overall annual pattern is similar; however, the comparison suggests that 
the difference between winter and summer discharge may be relatively 
greater in Gordon Creek than in the Sandy River, and that flows may 
decrease more quickly in the spring than is the case in the Sandy River. 
 

Minimum Flow 
The dependence of stream discharge on precipitation results in low flow 
during the summer months. Approximately 24 percent of annual discharge in 
streams in the vicinity of Gordon Creek occurs during the period May 
through October, while 55 percent occurs during November through 
February. In the adjacent Bull Run Watershed, studies have found that 
moisture from fog drip accounted for approximately one-third of 
precipitation during the summer months (Harr 1982,  Ingwersen 1985). 
Minimum stream flow typically occurs in August.  
 
 

 

Figure 4-4.  Monthly Flow (cfs) at Sandy River below Bull Run River 1910 to 
1914, 1929 to 1966, and 1984 to 2004.   
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Figure 4-5. Normalized flow in the Sandy River and South Fork Bull Run 

River. Normalized values were obtained by dividing the monthly 
average value by the annual average. 

 
 

Peak Flow 
Annual variability in average daily flow is relatively small, but maximum daily 
flow differs dramatically from year to year (Figure 4-6). Peak flows are 
generated primarily by rain, although a significant amount of moisture is 
stored as snow in the upper elevations. The highest daily flows are seen 
during rain-on-snow events. Land above 1,500 ft elevation is considered the 
“rain-on-snow zone,” and includes the majority (68 percent) of the Gordon 
Creek Watershed (7,605 acres, Map 4-2). The highest peak flow recorded in 
the Sandy River occurred on December 12, 1964 (57,800 cfs). The second 
highest flow was recorded on February 7, 1996 (57,500 cfs). Both events 
occurred when heavy warm rain from Pacific storms fell on an unusually 
large snow pack. In the adjacent Bull Run Watershed, the November, 1999 
storm produced higher peak flows than the February, 1996 storm, and 
probably caused a large flood event in the Gordon Creek Watershed, as well. 
 
It has been suggested that the road network in a forested landscape can 
increase the length of the drainage network and thus contribute to an 
increase in peak flow (Wemple et al. 1996). However, the available evidence 
does not suggest that there has been an increase in peak flow in the Gordon 
Creek Watershed associated with road drainage. The relatively low density of 
road stream crossings (1.7 per mi) in the watershed suggest that  the road 
network may have a relatively small impact on peak flow. 
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Map 4-2. Rain-on-snow zones in the Gordon Creek Watershed.   
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Water Use 
There are four registered surface water rights in the Gordon Creek 
Watershed (Table 4-1). The largest use is for in-stream flow to support 
stream biota and provide habitat for fish and other organisms. The Corbett 
Water District has a right for 4 cfs for municipal water supply, most of which 
is withdrawn from a diversion structure at river mile 0.75 on the North Fork 
of Gordon Creek. Water is also withdrawn from a second diversion structure 
on the lower portion of the South Fork of Gordon Creek. There is also one 
domestic water right for 0.1 cfs. 
 
Table 4-1. Surface water rights in the Gordon Creek Watershed. 

Description 
Number of Water 

Rights 
Volume of Water 

Rights(cfs)  

Domestic 1 0.1
Municipal 2 4.0
In-stream 1 11.9 – 50.0* 
Total 4 16.0 – 54.1 
* Varies by month 
 
The Oregon Water Resources Department (OWRD) allocates water rights 
based on water availability; which reflects the amount of water that can be 
appropriated from a given point on a stream for new out-of-stream 

 
 

 
Figure 4-6. Annual discharge in the Sandy River near Bull Run River. Filled 

circles mark the average daily flow; vertical lines extend between 
the minimum and maximum daily flow. Maximum daily flow is 
beyond the axis of the chart for two years; 1964 (57,800 cfs), and 
1996 (57,500 cfs). 
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Table 4-2. Water availability in Gordon Creek.  Source:  OWRD 2006 

Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Required in-stream 
flow 

50.0 50.0 50.0 50.0 50.0 30.0 15.0 10.7 11.9 18.9 50.0 50.0

Sum of Consumptive 
Uses and Storage 

4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1

Stream flow required 
by all uses 

51.4 51.4 51.4 51.4 51.4 34.1 19.1 14.8 16.0 23.0 54.1 54.1

Natural 50 percent 
exceedance flow 

119.0 104.0 103.0 93.4 71.7 38.5 18.5 10.7 11.9 18.9 67.1 125.0

Natural 80 percent 
exceedance flow 

59.9 66.8 67.3 61.8 50.9 25.2 13.0 9.4 8.6 11.2 29.2 62.7

Water Availability at 
50% Exceedance 

64.9 49.9 48.9 39.3 17.6 4.4 -0.6 -4.1 -4.1 -4.1 13.0 70.9

Water Availability at 
80% Exceedance 

5.8 12.7 13.2 7.7 -3.2 -8.9 -6.1 -5.4 -7.4 -11.8 -24.9 8.6

In-stream water rights 
as a percent of 80 
percent exceedance 
flow 

83.5 74.9 74.3 80.9 98.2 119.0 115.0 113.0 138.0 169.0 171.0 79.7

Consumptive use as a 
percent of 80 percent 
exceedance flow 

6.8 6.1 6.1 6.6 8.1 16.3 31.6 43.6 47.7 36.6 14.0 6.5

All uses as a percent of 
natural stream flow 

90.3 81.0 80.4 87.5 106.0 135.0 147.0 157.0 186.0 205.0 185.0 86.3

Water available as a 
percent of 80 percent 
exceedance flow 

9.7 19.0 19.6 12.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.7

 

consumptive uses.  Water availability is obtained from the estimated natural 
stream flow by subtracting existing in-stream water rights and out-of-stream 
consumptive uses.  OWRD calculates water availability based on the 
estimated 80 percent exceedance flow of the stream— the flow that is 
exceeded 80 percent of the time. Water availability for Gordon Creek is 
summarized in Table 4-2.  
  
OWRD calculations indicate that Gordon Creek is over-allocated.  In other 
words, there is no water available for additional consumptive use, from May 
through November. This does not suggest that the stream is in danger of 
drying up, because the major use is for in-stream flow, and existing out-of-
stream consumptive uses do not exceed estimated natural stream flow. 
 

Reference Conditions 
Little is known about stream flow conditions in Gordon Creek before timber 
management activities began. However, investigations in the Bull Run 
Watershed (USFS 1997) found little difference in stream hydrology among 
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the various 6th field watersheds that could be attributed to management 
activity. Therefore, it is reasonable to assume that current hydrologic 
conditions in Gordon Creek resemble what would exist under reference 
conditions. The only major consumptive use is diversion for municipal water 
supply to the Corbett Water District. This use represents a relatively small 
fraction of natural stream flow, except during the months August through 
October, when all natural stream flow is estimated to be required for in-
stream flow. Consequently, stream flow is potentially over-allocated during 
these months. 
 

Discussion 
The available stream flow data are insufficient to draw conclusions about the 
similarities or differences between historical and current conditions in the 
Gordon Creek Watershed.  It would be difficult to draw such conclusions 
even with a complete record of flow at a single gage site dating back to 
before widespread logging. Variations in precipitation in space and time can 
have a greater influence on stream flow than management activities.  
Therefore, research efforts measuring the influence of different management 
activities on stream flow are typically done by conducting studies of relatively 
small paired (treated vs. untreated) watersheds that are calibrated using several 
years of pretreatment flow data.  Such studies have been conducted in the 
Bull Run River Watershed, just to the south and east of Gordon Creek. 

 
The Mt. Hood National Forest lands in the Gordon Creek Watershed are 
managed to protect the municipal water supply for the Corbett Water 
District. According the Memorandum of Understanding between the USFS 
and Corbett Water District, the principal and most important use of the 
watershed is for water supply.  In support of this agreement, roads in the 
watershed were closed to all motorized vehicles in 1993. 
 

Annual Yield 
Timber harvest and associated activities can alter the amount and timing of 
stream flow by changing onsite hydrologic processes (Keppeler and Ziemer 
1990, Wright et al. 1990). Timber harvest can affect the amount of water 
captured or lost by the watershed through fog drip (Harr 1982), transpiration 
(Harr 1983, Harr et al. 1979, 1982), and snow accumulation and melt (Berris 
and Harr 1987, Coffin and Harr 1982, Harr 1981). The effects of clear-cut 
logging on hydrologic processes are greater than those resulting from 
thinning (Harr 1983, Harr et al. 1979). Changes in hydrologic processes that 
result from timber harvest can be large, but gradually diminish over time as 
vegetation regrows (Harr 1983, Harr et al. 1979, Harris 1977). 
 
Road building can affect watershed hydrology by extending the drainage 
network, increasing impermeable area, and shortening the transport time of 
water to the stream (Harr et al. 1975, 1979; Ziemer 1981; Wemple et al. 1996; 
Megahan et al. 1992). The changes in hydrologic processes induced by roads 
are likely to last as long as the road is in place. 

0 
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Research shows that patch cutting, especially with buffers, produces 
considerably less increase in annual water yield compared to clear cutting 
from ridge-top to stream edge.  In western Oregon, patch-cutting 25% of a 
250-acre drainage (H.J. Andrews Experimental Forest) and 30% of a 169-
acre drainage (Coyote Creek Experimental Forest) produced annual yield 
increases one-half to one-third the size of those produced by clear cutting 
237-acre and 123-acre drainages, respectively (Harr 1976, Harr et al. 1979).  
In the Alsea Watershed Study in the Oregon Coast Range, three patch-cuts 
with 50 to 100 foot buffers (patches totaling 25% of a 750-acre drainage) 
produced an average annual yield increase one-seventh the size of that 
produced by a severely burned, extensively clear-cut 175-acre catchment 
without riparian buffers (Harr 1976). 
 
These experimental results suggest that the hydrologic response of BLM-
managed lands to regeneration harvest with 220 to 440-foot Riparian 
Reserves and leave trees would likely be minimal.  Site scale yield changes 
resulting from thinning would also likely be minor and relatively short-lived 
as the remaining trees increase their growth rate and uptake of nutrients and 
water.  Satterlund and Adams (1992) found that “lesser or non-significant 
responses occur… where partial cutting systems remove only a small portion 
of the cover at any one time.” 
 
It can be assumed that the watershed vegetative condition is recovering after 
a period of high timber harvest during the 1960s, 1970s, and 1980s.  Younger 
stands on BLM-administered land may be using water at less than potential 
transpiration rates, but a majority of these stands have attained canopy 
closure, making them effective at interception.  As the younger stands age, 
evapotranspiration demand will increase and any additional water yields 
attributable to past management will decline. 
 
Assuming that a relatively small proportion of the Gordon Creek Watershed 
will be harvested per decade in the future, and residual riparian and upland 
trees will intercept and transpire subsurface water made available by harvest, 
the timing and magnitude of in-stream flows will likely remain within the 
range of natural variability associated with mature western Oregon forests.  
Extreme peak and minimum flows will continue to be weather-dependent. 
 

Dams and Water Management 
Two small dams divert water from North Fork and South Fork Gordon 
Creek for municipal use by the Corbett Water District. No additional data 
were available for these dams.  
 

Minimum Flow 
Research in the Bull Run Watershed (USFS 1997) suggests that a managed 
watershed has higher low-flow yields than a control watershed. The increase 
in low-flow yields is attributed to the increase water yield resulting from 
silvicultural management that exceeds the reductions in fog drip (Ingwerson 
1986). 
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Flooding 
Peak flows occur in response to natural climatic processes. The primary peak 
flow generating processes for the Gordon Creek Watershed are snowmelt 
and rain events. Rain-on-snow events have contributed to some of the major 
floods. Large floods are rare events, however, and we have no data to suggest 
that current land use practices have exacerbated the flooding effects from 
rain-on-snow events. Research in the Bull Run Watershed (USFS 1997) 
suggests that changes in canopy closure may have the potential to increase 
peak flow from rain-on-snow events. Previous research also suggests that the 
road network may interact with clearcuts to influence peak flows (Wemple et 
al. 1996). 
 


