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Foreword
The 1996 James A. Vomocil Water Quality Conference brought together a cross section of
Oregon Water Resource scientists, administrators and interested lay persons to talk together
about important issues facing the state. The Conference dealt with issues that had become timely
based upon climatic and political events of the immediately preceding months. The flood of
February 1996 raised widespread questions about the safety and sustainability of domestic water
supplies both for public system patrons and those individuals served by private systems. During
the months prior to the conference, the Department of Environmental Quality had issued the
1996 list of water quality limited stream segments. That list of nearly 900 stream segments
raised numerous questions as to the status of water quality in the state and the plans to restore
those waters. In addition, the State of Oregon was launching a water quality related effort to
restore salmon to those streams in the state in which dramatic population declines have been
noted in recent history.
The morning session of the conference set the stage for a day of intensive discussion. The
statistics of the February flood highlighted the magnitude of the damage that can occur when
conditions are right for major flooding. A warm rain, warm weather and a heavier than normal
snow-pack combined to produce flooding well in excess of what had been noted in previous
records. That flooding did extensive damage to the infrastructure of the impacted communities
as well as to the property of individual property owners. The need for emergency water treatment
and protection of treatment plant equipment caused a major outpouring of heroic efforts by
numerous citizens and public employees.
Elevated stream temperatures have been listed as the cause or among the causes for the listing of
approximately two thirds of the stream segments on the 1996 listing of stream segments not
meeting the water quality criteria. Oregon has adopted a revised set of criteria for determining
acceptable stream temperatures. Those streams on the list require restoration efforts. The cause
of elevated stream temperatures, natural or man-made, is difficult to decide in some situations.
Likewise, the intensity of remedial efforts necessary to restore the streams remains uncertain.
This uncertainty results in a degree of political conflict.
There are certain areas of Oregon in which the water contains natural pollutants in concentrations
above the normal drinking water standards. Those situations are monitored on a regular basis to
both better understand the process and to avoid unacceptable public health or ecological
consequences.
The manuscripts reproduced in this volume were provided by the authors based on their
presentations at the conference on November 13, 1996. Their contribution to the Conference and
to the broader understanding of water quality issues in Oregon is gratefully acknowledged.

THE GREAT FLOOD OF 1996:
ITS CAUSES AND A COMPARISON TO OTHER CLIMATE EVENTS
by
George H. Taylor 1
A series of intense surges of subtropical moisture inundated western Oregon
during the period February 5-9. The combination of record-breaking rain, warm
temperatures, and a deep snowpack led to severe flooding throughout northern sections of
the state. River flood stages were comparable in magnitude to the December, 1964 flood,
the largest in Oregon since flood control reservoirs were built in the 1940's and 1950's.
The first precursor to the flooding was an unusually wet winter, causing soils to be
saturated and streams and reservoirs to be at high levels. Most of northwest Oregon
received at least 125% of normal precipitation for the first four months of the Water Year
(October - January). Table 1 lists a few northwest Oregon stations' observed and normal
seasonal precipitation for October 1995 - January 1996:
Location
Laurel Mountain
Portland
Eugene
Govt. Camp

Normal
59.10
19.50
28.13
46.16

Observed
108.66
27.46
41.55
71.42

Percent of normal
184
141
148
155

Table 1. Observed and normal seasonal precipitation, October 1995-January 1996
Fall and winter had had very little snowfall. In mid-January, the snow water average for
high-elevation sites (NRCS SNOTEL stations) in the Willamette drainage was only 29% of
average. Beginning in mid-January, however, unusually high amounts of snow fell in the middle
and high elevations of the Cascades and Coast Range (in many locations, several feet per day
were reported for many days). By January 31, the average snowpack for the Willamette drainage
had risen to 112% of average.
An intense cold spell during the week of the 29th resulted in very low temperatures in the
northern half of the state. Many Willamette Valley stations had lows in the teens for 4 or 5
consecutive days. A number of eastern Oregon locations had lows well below zero. A moderate
storm on February 3rd dropped rain on top of frozen soil and roads, causing a major freezing rain
episode throughout the Willamette Valley. Traffic was slowed or completely halted in many
locations. The hardest hit was the Portland area, where icy conditions lasted for three days, and
which also experienced wind chill factors of -20F or lower.
Then on February 6th, a strong subtropical jet stream reached Oregon. This warm, very
humid air mass, which originated near the Equator in the western Pacific (near the Date Line),
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brought record rainfall amounts to northern sections of the state. Although such subtropical
storms are by no means rare, it is unusual for them to persist with such intensity for such a long
period of time (3-4 days). Table 2 shows 4-day total precipitation for northwestern Oregon
locations, as well as the all-time 4-day records (some of them now surpassed -- new records are
in bold). The most spectacular total was at Laurel Mountain in the Coast Range. The four-day
total was 27.88 inches (8.20, 7.90, 7.05, and 4.73 for February 6-9, respectively).

Site
Astoria
Corvallis
Eugene
Government Camp
Hillsboro
Hood River
Newport
Oregon City
Portland Airport
Salem

Record
(inches)
8.24
7.84
10.30
13.84
5.91
8.67
10.17
7.29
5.10
8.69

4-day total
(inches)
8.88
8.10

9.14
11.30
6.70
7.50

9.81
7.51
7.00

8.18

Year
1975
1974
1964
1964
1974
1964
1965
1964
1994
1937

Table 2. Maximum 4-day precipitation totals for western Oregon locations
In addition to the wet conditions, temperatures were unusually mild. In the Willamette
Valley, daily minimum temperatures were higher than normal maximum values for early
February. Nighttime lows in the mid-50's were quite common. The freezing level quickly moved
upward, to 7,000 - 8,000 feet. Rain fell even at mountain pass level. The warm rain and air
temperatures quickly began to erode the snowpack. In addition to large amounts of rain, high
elevation sites saw significant reductions in snow water equivalent (SWE). Table 3 lists total
precipitation and SWE for the period February 5-9 for NRCS SNOTEL stations in Oregon
(courtesy NRCS, Portland).

Site Name
Blazed Alder
Daly Lake
Greenpoint
Hogg Pass
Holland Meadows
Jump-Off-Joe
King Mountain
Little Meadows
Marion Forks
Mckenzie
Mt. Hood
New Crescent
Ochoco Meadows
North Fork

Precipitation
(in.)
18.3
10.1
9.2
9.7
3.9
9.8
3.0
17.6
11.1
10.8
11.3
2.4
1.3
12.1

SWE Loss
(in.)
1.8
6.1
2.2
5.1
6.9
2.4
8.9
9.9
12.2
3.1
3.4
3.4
2.9
8.5
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Total
(in.)
20.1
16.2
11.4
14.8
10.8
12.2
11.9
27.5
23.3
13.9
14.7
5.8
4.2
20.6

River Basin
Willamette
Santiam
Hood
Santiam
Willamette
Santiam
Umpqua
Santiam
Santiam
McKenzie
Sandy
Deschutes
Crooked
Bull Run

Elevation
(feet)
3650
3360
3200
3500
4900
3500
4000
4000
2600
4800
5400
4800
5200
3120

Peavine Ridge
Quartz Peak
Red Hill
Saddle Mountain
Salt Creek Falls
Seine Creek
Three Creeks

5.5
4.5
5.4
14.0
3.0
8.0
2.4

10.6
1.4
14.5
20.4
10.2
14.0
6.5

16.1
5.9
19.9
34.4
13.2
22.0
8.9

3500
5700
4400
3250
4000
2000
5650

Clackamas
Klamath
Hood
Tualatin
Willamette
Tualatin
Deschutes

Table 3. Total precipitation and SWE loss, SNOTEL stations, February 5-9, 1996
Streams rose quickly on the 6th and 7th, reaching flood stage in many locations. At Vida
on the McKenzie River, the flow jumped from 4,000 cfs on the 5th to over 20,000 cfs on the 6th.
Major and minor tributaries throughout western Oregon jumped their banks. Gradually the levels
in the major tributaries and the main stem rivers increased as well. Several set all-time flood
stage records. Table 4 is a summary of 1996 crests, as well as all-time records, for rivers
throughout northern Oregon; new record levels are in bold (courtesy Oregon chapter of American
Meteorological Society).
TERN OREGON:
1996 crest All-time
Flood stage
record
(feet)
(feet)
River/site
31.0
27.2
16.0
Columbia at Vancouver
33.0
28.6
18.0
Willamette at Portland
47.0
35.1
28.0
Willamette at Salem
32.4
23.5
20.0
Willamette at Corvallis
22.3
22.6
Sandy near Sandy
18.4
17.4
10.0
Clackamas at Estacada
14.7
13.8
11.0
Johnson Cr. at Sycamore
37.0
37.2
32.0
Tualatin at Farmington
16.8
14.6
13.0
Molalla at Canby
30.0
22.0
30.5
Pudding at Aurora
47.2
47.5
38.0
S. Yamhill at Whiteson
17.5
13.4
11.0
N. Santiam at Mehama
24.2
23.2
15.0
Santiam at Jefferson
34.5
27.0
33.0
Luckiamute at Suver
24.9
27.4
14.,0
Nehalem at Foss
n.a.
13.0
18.1
Wilson at Tillamook
n.a.
18.2
18.0
Nestucca at Beaver
31.6
24.5
16.0
Siletz at Siletz
Table 4. Summary of flood crests for Oregon rivers and streams
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Year
1948
1894
1891
1891
1964
1964
1964
1933
1964
1923
1964
1923
1964
1964
1990
n.a.
n.a.
1921

EASTERN OREGON:
1996 crest All-time
Flood stage
record
(feet)
(feet)
River/site
n.a.
14.0
11.5
John Day at Service Creek
n.a.
11.0
7.8
Umatilla at Pendleton
11.3
13.6
10.0
Grande Ronde at Troy
Table 4. Summary of flood crests for Oregon rivers and streams

Year
n.a.
n.a.
1964

Comparisons with 1964 are inevitable, since that flood event is considered the largest in
this area since flood control dams were completed following World War II. In the Willamette
Valley and north coast, some of the current flood levels exceeded those observed in 1964, while
others were slightly lower. The 1964 event was larger in extent, stretching from Northern
California northward through most of Washington, and from the coast eastward into Idaho. The
1964 flood also began with much more low-elevation snow; Portland Airport, for example, had
11 inches of snow on the ground when the warm rains began in 1964.
George Robison, hydrologist with the Oregon Department of Forestry, circulated an
internal memo with some preliminary flood perspectives. Below is an excerpt from George's
well-written and very informative memo.
Some preliminary gage data indicates that the following streams had floods of record that
are equivalent to a 75+ year event.
1. S. Yamhill River near Whiteson
2. Pudding River
3. Tualatin River (2 gages)
4. Sandy River
5. Nehalem River
6. Grande Ronde River at Troy (Stage 2 feet higher than previous record!)
7. Deschutes River at Moody (Note peak flow recordings since 1897!)
As information comes in there will be many more gages that will have floods of record.
There were also many gages within the area of the flood's influence that had flows
indicative of a 10-year event (for instance the Little Luckiamute River west of Salem had
three ten year peak flows in three days). The flows on the Willamette were also
indicative of a 10-year flood flow due to the effective use of flood control reservoirs. It
appears that most streams in the northwest corner of the state (especially Columbia
County) experienced a flood of record even larger than the 1964 flood. From the air,
there was widespread high water related damage with a lesser relative role of landslide
activity. Along the western Cascades north of Eugene, some streams experienced floods
of record as well. It could be that some of the small streams around Mapleton also had
floods of record although there is no streamflow gage data to show this yet. Along the
Columbia Gorge around Hood River there are also pockets of damage and high flows
indicative of floods of record.
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Ongoing analyses in the ensuing months have enabled researchers to make comparisons
with previous floods. Although such comparisons are difficult due to the complex nature of
flood events, some tentative conclusions can be obtained:
•
•

•

In the northern Coast Range, the 1996 flood was the greatest ever by a wide margin, and
probably exceeded a 100-year return period.
In the Willamette Valley, the return period was low (probably about a 10-year event) in
southern sections, but the return became increasingly higher as one moved northward. It
was probably a 25- to 50-year event in the northern Valley.
Some of the Willamette and Columbia tributaries (such as the Tualatin) probably
exceeded a 50-year return.
Many lessons were learned from the flood. A few are listed below.

• There was a tremendous demand for information, much of it through the Internet. OCS'
home page recorded over 55,000 data requests during the week of the flood. It can be
expected that demand for real-time information will continue to grow steadily.
• There is a strong need for coordination among various agencies who provide data.
Happily, Federal agencies have embraced the Internet and have greatly improved their
capability of providing information to users.
• People in the Northwest may have been lulled into false sense of security by relatively
benign weather during the last 20 years. There is evidence that this region experiences
weather/climate shifts with a period of 20-30 years, and that we have entered a wetter,
cooler regime. If so, such floods may be more common than they were in the 1965-1995
period.
•

Spending cuts have forced agencies such as USGS and NOAA to reduce their monitoring
networks. Of particular concern is the USGS stream gauge network, the backbone of
river flow measurement and an integral part of flood forecasting. It is of critical
importance that we maintain the current gauge network; ideally, we should increase the
number of stations.

The 1996 flood caps a most unusual weather year in Oregon. A very wet November, big
windstorm in December, and the snow and ice of January merely set the stage for the flood event.
Doubtless we will look back on this as one of the most interesting (and damaging) winters in the
history of Oregon.
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FLOODING IN THE NORTHWEST
A Challenge to Water Suppliers
by Scott G. Curry

The winter of 1995-96 was particularly active in the Northwest, with Washington and Oregon
experiencing many problems that threatened human health and safety. Record rainfall fell on a
snowpack that was already beginning to melt, creating a hydraulic overload in many rivers in
northern Oregon and southwest Washington.
Landslides, road washouts, and localized flooding presented many problems for public works
crews. More than thirty public water systems were damaged, destroyed, or were required to issue
Boil Water notices. High turbidity and contamination from fecal coliform bacteria were the main
reasons for the issuance of these notices. Sales of bottled water soared, and state and county
health departments were besieged by callers requesting advice and information regarding the
safety of their drinking water.
Safe drinking water quickly became a threatened resource, and water system managers and
operators responded accordingly. This article will look at some of the problems that were
created, and the responses to those problems by the various agencies and individuals involved.
PROBLEMS CREATED
Many rivers in Oregon exceeded flood stage and sent crashing torrents of water containing trees
and boulders (and in some cases, houses, decks, and vehicles) directly toward the intakes for
water treatment plants. Some intake structures were totally demolished and others severely
compromised. In addition to the previously mentioned fecal coliform contamination from
sewage lagoons and overloaded wastewater treatment plants, other contaminants such as oil,
gasoline, and fertilizers presented problems for public and private water systems alike.
LARGE CITIES
Portland, Salem, and Eugene were three large cities whose water systems (along with other city
services), were impacted by the weather. The City of Portland, serving approximately 750,000
customers, was forced to switch to backup wells when turbidity rose in the normally clear (and
unfiltered) waters of the Bull Run watershed. Water conservation policies were put into effect
and an aggressive public education campaign was initiated, alerting customers to possible
changes in the taste or appearance of tap water.
Similarly, the City of Salem, turned to backup wells when debris and mud in the North Santiam
River provided impossible to treat by slow sand filtration. Salem was also fortunate enough to
be able to purchase about four million gallons a day of water from a neighboring city whose
wells were unaffected by the flooding.
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The City of Eugene relies totally on surface water for its drinking water supply, and turbidity in
the McKenzie River went from 5 NTU to about 2000 NTU over a three-day period. The staff at
the water treatment plant, however, was able to continue producing safe drinking water (under
0.5 NTU). Plant operators worked around the clock so that chemical jar testing could be
conducted frequently and the proper dosages cold be determined. The dosage of alum, for
example, increased from 5 mg/I to over 100 mg/i. Soda ash usage, for coagulation and pH
control, topped at 2000 lb per day, compared to a normal usage of less than 500 lbs per year. The
chlorine dose normally applied at the treatment plant was tripled in order to satisfy the chlorine
demand of the raw water and still leave a detectable residual in the distribution system, as
required by State Law.
SMALL WATER SYSTEMS
Lacking the resources and backup facilities of larger cities and water districts, small water
systems took the brunt of Nature's forces, but found it difficult to fight back. Washed-out river
intakes deprived some small towns of their only water supply, and wells that remained flooded
for days caused major problems, for schools and businesses, not to mention the hundreds of
private wells in the affected area. Twenty counties in Oregon were declared disaster areas,
largely due to the obvious threats to human health and safety.
Many schools and other public facilities had to evacuate or at least temporarily relocate their
operations due to flooded buildings and streets. Relief efforts were hampered by washed-out
highways in low areas and landslides in the steep, hilly areas. Electrical and telephone service
was also disrupted in some areas, making radios and cellular phones seem like an excellent
investment. Rubber boots, mops, bleach, and bottled water were items in high demand, and
available only at stores that were above water.
RESPONSES TO PROBLEMS
The responses to the problems that were created were as varied as the problems themselves.
These responses can be roughly grouped into three categories: the responses of the water
systems, government and relief agencies and the public.
WATER SYSTEM RESPONSE
As mentioned previously, water systems activated backup sources or interties with neighboring
water systems if those facilities were available. Water conservation was encouraged, and public
education and information distribution campaigns were initiated. Chlorination systems were
installed on emergency water sources. Many smaller water systems such as campgrounds, rural
motels, and highway rest areas were forced to close down. As of this writing, there are still some
small water systems whose sources are not completely free of contamination.
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GOVERNMENT AND RELIEF AGENCY RESPONSE
State and county health departments became involved on a number of fronts, and emergency
operations centers were activated in Portland (for the City) and Salem (for the State). Food,
medicine, and bottled water were transported by helicopter to areas that were isolated by
flooding. Field personnel from the Oregon Health Division's Drinking Water Program inspected
backup wells and alternate water sources, offered technical assistance to local communities, and
collected and transported water samples. Most samples were analyzed for coliform bacteria and
nitrate initially, and then further tests for inorganic/organic chemicals if dictated by long-term
use. The Health Division's Public Health Laboratory tested over one thousand water samples for
coliform bacteria, at no charge, for residents of the hardest-hit counties in Northwest Oregon.
County health departments performed similar functions, although on a more regional level. Their
familiarity with local citizens and businesses benefited them as they assisted with the issuance of
Boil Water notices, tested chlorine residuals, collected water samples, and dealt with endless
questions and concerns from the local citizens.
Other agencies involved included the Army Corps of Engineers, the National Guard, the
Salvation Army, and the American Red Cross. The latter two agencies dealt mostly with the
procurement and delivery of food, clothing, and temporary shelter for those who were most
severely affected. The National Guard provided water-hauling trucks and portable water holding
tanks, and, in some cases, gasoline-powered generators to provide electricity for emergency water
supplies. They also supplied one town with two 10-gpm reverse osmosis treatment units that
were used to fill tanker trucks with potable water. The Corps of Engineers used heavy equipment
to repair dikes and river embankments so that intake structures and transmission pipelines could
be spared further damage.
RESPONSE BY THE PUBLIC
Most citizens whose drinking water was affected by the flooding were tolerant of the
inconvenience, since the reason for the problem was pretty obvious. It was interesting to note
that many questions to city or county health officials centered around not whether the water was
safe to drink, but how safe it was. Will I definitely get sick if I drink it, or just maybe? Is the
water safe for cooking, washing dishes or clothes, or bathing? Is it safe for pets? Can I wash my
hands in it? How long should I boil it? If I can't boil it, how much bleach or iodine should I add
to purify of gallon of water?
For many individuals, the experience was a learning one. It is often said that water is taken for
granted until there is a problem with it, and that was certainly the case here. Many people were
unaware of the source of their community water supply (river, spring, well, or purchased water
from another community system). Many private well owners found themselves learning very
quickly the details of well-head construction, and whether or not their well water was vulnerable
to contamination from surface water.

SUMMARY
The severe weather and subsequent flooding served as a wake-up call for many water systems in
the Northwest, both public and private. Those systems without contingency plans or backup
water sources found themselves at the mercy of Nature. Although point-of-use water treatment
devices found little application in this situation, sales of bottled water soared. Public works
directors and water system operators found that using the media to educate the public and keep
people informed of developments was extremely important, especially in those cases where Boil
Water notices were in effect for two weeks or more. And, at least for a while, many residents of
this area will not take safe drinking water for granted.
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Mercury in Fish: Why Should We Care?
Duncan Gilroy

Oregon is one of 35 states with fish consumption advisories for mercury. Currently, advisories
are in effect for six Oregon waterbodies and four others are being considered. In Oregon, the
Health Division has primary responsibility for issuing fish advisories and, predictably, we receive
numerous inquiries regarding these advisories. The purpose of this paper is to explain why these
advisories exist and how they are developed.
A common question is why Oregon fish contain mercury. As with numerous other waterbodies
throughout the country, deposition of atmospheric mercury, derived in part from waste
incineration and other combustion processes, is no doubt a significant contributing factor.
However, much of the mercury in Oregon fish originates from natural deposits in rocks and soils,
with some influence from historic mining practices.
As with other metals, the chemical form of mercury has a very large influence on its behavior in
the environment and in biological systems. Though inorganic forms of mercury (metallic
mercury and mercury salts ) are only minimally absorbed by fish, one form of mercury,
methylmercury, is readily taken up by fish. The significance of this fact became apparent in the
1960s, when it was discovered that certain types of sediment bacteria can transform inorganic
mercury to methylmercury (Clarkson, 1992).
Fish readily absorb methylmercury from their food and from water as it passes over their gills.
This process, whereby a chemical becomes more concentrated in a biological organism than in
the surrounding environment, is termed bioconcentration. Bioconcentration can result in a very
large increase in methylmercury in fish. In some cases, methylmercury concentrations in fish can
be millions of times higher than the concentration in the surrounding water.
Though fish absorb methylmercury very readily, they excrete it very slowly. Thus, the older a
fish is, the higher its methylmercury concentration tends to be. This is why advisories for fish
mercury (and many other bioconcentrating contaminants) often identify larger fish as posing the
greatest risk.
Because small fish and other aquatic organisms bioconcentrate methylmercury, they in effect
provide concentrated doses of methylmercury to fish that prey on them. Thus, piscivorous fish
(fish that eat other fish) tend to have higher methylmercury concentrations than nonpiscivorous
fish. The increase in chemical concentration through higher trophic levels is called
biomagnification. Biomagnification can result in a significant methylmercury exposure to
humans, bald eagles, and other top level predators. Fish consumption is the primary pathway of
human exposure to methylmercury (Wheeler, 1996).
Humans do excrete methylmercury, though only very slowly. As with fish, if humans take in
methylmercury faster than they get rid of it, the amount remaining in their body will increase.

Thus, with this type of chemical, limited short-term exposure is generally less important than
cumulative exposure over time. The total amount of a chemical in the body is called the body
burden of that chemical. In evaluating potential health impacts, it is generally the body burden
which is of primary concern.
A question we are frequently asked is why our mercury advisories target women of reproductive
age as a sensitive group. Mercury advisories generally identify pregnant women as a sensitive
population. The reason for this is that the developing fetus has been shown to be extremely
sensitive to the toxic effects of methylmercury. But what the fetus is actually exposed to is the
amount of methylmercury that is in the mother's body, or her methylmercury body burden. So if
a woman consumes fish that is high in methylmercury for an extended period and then stops
when she becomes pregnant, she can still expose her fetus to an unacceptable level of
methylmercury.
Serious methylmercury poisonings have occurred in the past. The most well known of these
happened in the 1950s at Minamata Bay, Japan. Here, a chemical company discharged large
amounts of methylmercury into Minamata Bay, which resulted in very high methylmercury
concentrations in fish (as high as 40 ppm). As fish formed a large part of the diet of the local
population, significant methylmercury exposure occurred. In addition to other serious effects,
including numerous deaths, infants born to exposed mothers experienced severe central nervous
system toxicity. These effects were observed in many cases where the mother exhibited only
minimal symptoms. A second well known methylmercury poisoning incident occurred in Iraq.
In this case, seed that had been treated with a methylmercury fungicide was used for making
bread instead of being planted. Severe, widespread poisoning resulted (Watanabe and Satoh,
1996; Galli and Restani, 1993).
Though it is difficult to consider positive aspects of tragic events such as these, these incidents
did provide a substantial amount of information regarding the human toxicity of methylmercury.
Importantly, these incidents contributed substantially to our understanding that the developing
fetus is exquisitely sensitive to the effects of methylmercury.
An important general principal in toxicology is that a chemical must be absorbed by the body and
must reach its target organ to exert its toxic effect. The primary reason methylmercury is so toxic
is that its form allows it to enter the body and get distributed to critical tissues. Of primary
importance is the fact that methylmercury is able to cross the blood-brain barrier, where it can
damage the brain. Methylmercury can also cross the placenta where it is concentrated in fetal
blood and is also excreted in breast milk (Galli and Restani, 1993).
The severe toxic effects of methylmercury are primarily a consequence of its entering the CNS.
Though neurotoxic effects do occur in adults, effects on the developing fetal brain are the most
severe, sometimes resulting in mental retardation and paralysis.
Fish mercury advisories are quite common around the country. In fact, more fish advisories are
issued for methylmercury than for any other toxicant (EPA, 1996). The main reason for this is no
doubt that mercury is ubiquitous in the aquatic environment. A second reason may be that,
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unlike many other contaminants such as PCBs and dioxins, information regarding safe levels of
methylmercury is fairly well established.
Still, there is some disagreement among states regarding the significance of methylmercury in
fish, and a level considered safe in one state might be considered unsafe in another state. Even
federal agencies cannot agree on safe mercury levels in fish. FDA allows up to 1 ppm and
indicates that consumers can safely eat up to 7 ounces of fish containing 1 ppm methylmercury
per week. For a 60 kg person, this amounts to a methylmercury intake rate of 30 Ag/day.
However, according to EPA, a 60 kg person should only take in 6 /.‘g/day. According to EPA,
fish containing 1 ppm methylmercury should only be eaten at a rate of 1.4 ounces per week
(Wheeler, 1996).
Most people are aware of the fact that most fish, particularly canned tuna, contain some
methylmercury (Yess, 1993). Fortunately, concentrations in most market fish are relatively low.
But large tuna and other predatory fish such as shark and swordfish can have fairly high levels of
methylmercury. FDA's higher standard is based on the assumption that people eat a variety of
fish from a variety of sources (Foulke, 1994). However, if a person really likes shark or
swordfish or large tuna and eats it often, that person could be getting a pretty good dose of
methylmercury. As FDA's standard assumes that the consumer obtains his fish from a variety of
sources, it is inappropriate to apply this standard to fish from a particular waterbody, as some
states do.
There are two basic aspects to a fish advisory. One is simply the calculation of safe intake rates
using the reference dose and varying body weights. This part is pretty straightforward. The
second part, which is no doubt the most important part but also the hardest, is how to
successfully communicate the advisory.
Something that is certainly helpful in deriving safe consumption rates of mercury-containing fish
is that EPA has just recently published a revised methylmercury reference dose, based on human
developmental effects. (The reference dose is basically the amount of a chemical that a person
can safely be exposed to every day for a lifetime.) In Oregon, we apply the revised reference
dose (0.1 ,u.g/kg/day) to women of reproductive age, pregnant and nursing women, and young
children. We continue to use the old methylmercury reference dose (0.3 pg/kg/day) for the
general population, as it is based on adult neurotoxicity.
Basically, the reference dose is used to calculate a safe intake rate of methylmercury. This is then
divided by the average methylmercury concentration in the fish to derive a safe consumption rate
of the fish.
As indicated above, the most difficult aspect of fish consumption advisories generally is
communication. This is no doubt the most important part of the whole process and we have been
surprised sometimes at people's reactions to our advisories. One extreme reaction comes from
people who don't read the details of the advisory, but conclude that the fish are "poisonous" and
should be completely avoided. This is an unfortunate reaction, considering the known benefits
of eating fish. We also have reactions at the opposite extreme. These individuals believe that if
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they don't see people obviously sick or dying then there can't really be a problem.
Obviously, what we attempt to communicate is something between these extremes. Our message
is generally pretty simple: catch and consume the fish but limit your consumption according to
the guidelines indicated in the advisory.
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Stream Segment Temperature Change as a Measure of Thermal Health

Introduction
Due to the vast number of streams and rivers in the Pacific Northwest, regulators
and land managers are forced to focus the water temperature discussion on a basin or
system scale. In doing so, however, it must not be overlooked that a watershed is
comprised of many different types of streams and rivers, all of which demand specific
management needs. In general, the upper watershed consists of low flow tributaries.
Progressing down the watershed, tributaries begin to converge and create larger streams,
and eventually, combine to form a main stem river or stream. The fact that upper basins
consist of small streams directly impacts the temperature dynamics of a watershed. Low
flow streams are more sensitive to temperature change when compared to streams and
rivers that have larger flow volumes. With this brief overview of temperature dynamics on
a watershed scale, the next step is to focus on the portion of the watershed in which the
greatest change in stream temperature occurs: the upper watershed.
As would be expected, the upper watershed offers the coolest water temperatures.
As streams flow down gradient, water temperatures tend to increase until the heat energy
released by the stream balances the heat energy entering the stream. When this occurs, the
stream temperature stabilizes. How far the water travels down a stream reach before
temperature stabilization occurs is a function of the stream's environment and heat energy
processes. In general, water warms and cools slowly due to a high latent heat, so a water
parcel can travel a long distance before temperature stabilization occurs. Figure 1 shows
the temperature change at 2:00 PM for an increasing stream reach. Notice that the water
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parcel has traveled over five miles before the temperature stabilizes, after which the stream
has been warmed 22°F to a temperature of 82°F. At this high temperature, the water in
the stream will no longer show much of an increase as it continues down gradient to the
middle and lower portions of the watershed.
Temperature Change Induced by Increasing Reach Length
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Figure 1. Temperature change at 2:00 PM induced by variable reach length.

Now armed with an understanding of where stream temperatures change, it
follows that it is important to discuss efforts to prevent temperature increase as a function
of reach location. After the water temperature has stabilized the task becomes to cool the
stream water. Water is difficult to cool because it tends to retain heat energy, acting as a
heat sink. However, if efforts are focused on the first five miles of this stream where the
water temperature is changing, an easier and more practical task becomes to reduce the
temperature at which streams stabilize. When considering water temperature quality, the
task at hand is to minimize stream temperature increase in the upper portions of the
watershed, while managing middle and lower portions of the watershed to preserve a
stabile and healthy water temperature.
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Riparian Vegetation and Stream Surface Shading
Riparian vegetation serves to protect and shield the stream from direct solar
radiation. Removal or reduction in the quantity and quality of stream side vegetation has
been shown to increase summertime stream temperatures (Beschta et. al. 1987). Loss of
riparian vegetation due to grazing, logging, or over use activities can be directly linked to
an increase in summertime water temperatures due to reduction in quality and quantity of
stream shading (Anderson et. al. 1993). Removal of forest cover along stream sides
significantly increases the maximum, and in some locations, the minimum stream
temperatures during summer months (Rischel et. al. 1982). The literature is uniform in
predicting higher summer water temperatures with less stream side vegetation cover
(Gibbons and Salo 1973). The bulk of past research confirms that increasing the quality
and quantity of stream side shading dramatically effects the heat energy experienced by the
stream.
In order to quantify riparian vegetation, several measurements are required. The
vegetation shade angle is defined as the angle that exists from the top of the vegetation
canopy to the stream surface, and is displayed in Figure 2. Vegetation height and
vegetation width are also important when considering the stream shading effects. Lastly,
the density of the vegetation, or canopy coefficient, directly controls the quality of shade
that is provided to the stream surface.
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Vegetation Shade Angle
The angle between the top of the
vegetation canopy to the stream
surface.

Calculation/Estimation
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Example
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veg
Figure 2.

Vegetation shade angle.

= 4.5 feet

etation

03 45)

70°

The stream receives shade when the solar altitude is less that the vegetation shade
angle. Once the solar angle exceeds the vegetation shade angle, the stream is no longer
shaded. Figure 3 shows the relationship between the vegetation shade angle and the solar
altitude with respect to stream surface shading. When the solar angle is negative, the sun
is below the horizon, a condition referred to as night. Notice that when the vegetation
shade angle is 30° the stream only receives shade in the early morning and late evening.
The sun's zenith is roughly 70° for June 29, 1996. If the stream were to receive a
complement of shade that lasted the entire day length, the vegetation shade angle would
need to be increased to a level equal to or exceeding the solar zenith angle.
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Diurnal Solar Angle Profile and Shade Timing
(Vegetation Shade Angle = 30°)
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Figure 3.

Diurnal solar angle profile and shade timing.

Stream surface shade has two important characteristics: duration and quality. The
interaction between the solar angle and the vegetation shade angle, which is partially
controlled by vegetation height, defines the diurnal timing of shade. An increased
vegetation shade angle will always increase the duration of shading that is experienced by
the stream surface. Shade quality is controlled by the density of the vegetation canopy and
the vegetation width. Shade is enhanced by increasing the chance of collision of incoming

20

photons from the sun with riparian vegetation. This is accomplished by augmenting the
quantity of vegetation in the riparian zone, either by increasing vegetation density,
increasing vegetation width, or by doing both.
Before continuing, two very important points concerning stream temperature
should be clearly restated.
♦ Most stream temperature change results in low flow
streams in the upper portions of the watershed
♦ Increasing the quantity and quality of riparian vegetation
helps block solar radiation, preventing stream
temperature increase.

Stream Temperature Simulation
Stream temperature simulation utilized Heat Source ©, a validated stream/river
temperature prediction model, to predict the temperature change that results over a half
mile stream reach located in Crook County, Oregon (Boyd 1996). This stream is flow
regulated and travels through a grazed meadow with little riparian vegetation. The inputs
used for simulation are listed in Table 1. Data collection occurred on June 29, 1996, on a
day with clear skies and little wind. Relative humidity was recorded at a municipality 40
miles from the stream site with a value of 20%. Stream width was measured at 4.2 to 4.5
feet and depth was recorded at 9 to 11 inches. The stream had a low gradient and little
bedrock. Topographic and vegetation shading was minimal.
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Record Keeping

Units
Date of Simulation
Duration of Simulation
Elevation
Latitude
Longitude
Time Zone
Reach Length
Atmospheric Parameters
Wind Speed
Cloud Cover
Relative Humidity
Hydraulic Parameters
Flow Velocity
Stream Flow
Average Width
Stream Bed Slope
Percent Bedrock
Stream Aspect
Shade Parameters
Topographic Shade Angle
Vegetation Shade Angle
Stream Bank Slope
Vegetation Height
Vegetation Width
Canopy Coefficient

English
6/29/96 1:00 am
1 days
3900 feet
44° North
120.8° West
Pacific
2600 feet
0 mph
clear (0%)
20 %
Upstream
1.06 feet/second
3.61 cubic feet per second
4.5 feet
0.01
25 %
158° from North
Upstream
Right
Left
10°
7°
33°
31°
0.1
0.1
1.5 feet
1.3 feet
30 feet
45 feet
0.4
0.4

Downstream
0.96 feet/second
3.64 cubic feet per second
4.2 feet
0.01
25 %
210° from North
Downstream
Right
Left
5°
25°
33°
35°
0.1
0.1
1.9 feet
1.8 feet
30 feet
15 feet
0.4
0.4

Table 1. Input parameters.

Results of the temperature simulation over the measured stream reach are shown in
Figure 4. The actual and predicted downstream temperature profiles have a Pearson's
product moment (r2) of 0.996. Figure 5 shows the actual and predicted temperature
change profiles that occurred over the stream reach. The actual and predicted temperature
change profiles have a Pearson's product moment (r2) of 0.934. The results of the
simulation confirm that the temperature dynamics represented in this stream reach for the
given day have been accurately simulated.
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Diurnal Temperature Profiles (6/29/96)
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Figure 4. Diurnal temperature profiles for June 29, 1996.
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Figure 5. Diurnal temperature change profiles for June 29, 1996.
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The simulated energy balance, as shown in Figure 6, for the stream reach shows
that the heat energy processes are dominated by the solar energy flux. Evaluation of the
energy balance indicates that the 4.2°F stream temperature increase is directly related to
large solar flux energy component. Any management scheme should focus on reducing
the solar flux.
Enemy Balance (6/29/96)
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Figure 6. Energy balance.

Stream Component Sensitivity Analysis
With the results of the simulation validated as accurate, the stream system can then
be evaluated for stream component sensitivity. Facilitated by computer modeling,
simulation can predict the temperature response to incremental changes for various stream
components. Stream temperature change profiles were generated for six different stream
components: stream width, vegetation shade angle, vegetation height, vegetation width,
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canopy density and flow volume. From the resulting output, ideal values for the stream
components were selected.
Stream width controls the stream surface area that is exposed to energy processes.
Simulation conserves flow volume, and therefore, increased stream width results in
decreased stream depth. A secondary response to increased stream width results from
simple geometry. As stream width increases, the vegetation shade angle decreases. Any
confusion with this phenomena should be easily remedied by consulting with Figure 1, the
relationship between the vegetation shade angle, vegetation height and stream width. The
simulation varied stream width from 1 foot to 10 feet. It is easily seen in Figure 7 that an
increased stream width results in a greater temperature response. The realistically ideal
stream width for this stream reach should range from 2.0 feet to 3.0 feet.
Temperature Change v. Stream Width (feet)
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Figure 7. Temperature change profiles induced by various stream width.
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It may be helpful to refer to Figure 2 when considering the relationship between
the vegetation shade angle and stream temperature change. The daily maximum stream
temperature change is not significantly reduced until the vegetation shade angle is greater
than the local solar zenith angle (70°). When the vegetation shade angle is less than 70°,
the stream is not shaded for the entire day. Further, the solar radiation flux is greatest in
the unshaded portion of the day. Due the magnitude of the solar flux, stream temperature
can rapidly increase once the stream becomes unshaded. To avoid a large temperature
increase, the vegetation shade angle should be 70°, or greater.
Temperature Change v. Shade Angle (degrees)
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Figure 8. Temperature change profiles induced by various vegetation shade angles.
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The effect of vegetation height on temperature change is similar to that of the
vegetation shade angle. To ensure long duration shading of the stream surface, the height
of the riparian vegetation must be preserved. Recall Figure 2. Vegetation height is
integral in determining the vegetation shade angle. The ideal range of vegetation height
for this stream segment should range between 20 feet and 25 feet.
Temperature Change v. Vegetation Height (feet)
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Figure 9. Temperature change profiles induced by various vegetation height.

The results from the sensitivity analysis for vegetation width do not provide much
insight as to its effective stream temperature response. Riparian vegetation width does not
effect the duration of stream surface shading. Consequently, increasing the vegetation
width assists the quality of shade, but the shading duration is not expanded. This result
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indicates that it is not helpful to address the quality of shade until the stream has been
provided a long duration quantity of shade. Although this is a best guess, a realistic and
ideal range for vegetation width may be from 10 feet to 20 feet.
Temperature Change v. Vegetation Width (feet)
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Figure 10. Temperature change profiles induced by various vegetation width.

Canopy density also contributes to shade quality. The canopy coefficient
sensitivity analysis does not yield much useful information about it's relationship to stream
temperature change. A realistic value for canopy density can be estimated to be between
0.4 and 0.6. In such a situation, it becomes important to be familiar with the indigenous
riparian vegetation.
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Temperature Change v. Canopy Density
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Figure 11. Temperature change profiles induced by various canopy density.

Stream temperature change is highly dependent on flow volume. Low flow
streams are highly sensitive to temperature change. Preservation of instream flow is
paramount in establishing natural temperature regimes. Before water extraction, irrigation
diversions or other means of flow reduction occur, it is recommended that the user
perform a simulation of the resulting effects to the
temperature response. The relationship between flow
AT

volume and stream temperature change in not linear, but
•

instead, exponential. Figure 12 indicates the exponential

Flow Volume

relationship between flow volume and stream
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temperature response. As flow is reduced to 2.1 cfs, the stream gains over 7°F. As the
flow rates are incrementally increased, the difference between the temperature change
profiles is reduced. A realistic and ideal minimum flow volume for this stream segment
was established between 4 cfs and 5 cfs.
Temperature Change v. Flow (cfs)
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Figure 12. Temperature change profiles induced by various flow volume.

Simulation of the 'Ideal Stream'
The ideal values for the six stream components tested for temperature change
sensitivity are summarized in Table 2. These values are used as input for simulation to
predict the cumulative effect on the stream temperature profiles that occur over the define
reach. New model input is displayed in Table 3.
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Stream Com ponent
Stream Width
Shade Angle
Vegetation Height
Vegetation Width
Canopy Density
Flow Volume

Ideal Value
2.5 feet
70°

22.5 feet
15.0 feet
0.5
4.5 cfs

<< is a guess
<< is a guess

Table 2. Ideal values of six stream components.

Record Keeping
Units
Date of Simulation
Duration of Simulation
Elevation
Latitude
Longitude
Time Zone
Reach Length
Atmospheric Parameters
Wind Speed
Cloud Cover
Relative Humidity
Hydraulic Parameters
Flow Velocity

English
6/29/96 1:00 am
1 days
3900 feet
44° North
120.8° West
Pacific
2600 feet

..,
Stream Bed Slope
Percent Bedrock
Stream Aspect
Shade Parameters
Top
ographic Shade Angle

Upstream
1.06 feet/second

0 mph
clear (0%)
20 %
Downstream
0.96 feet/second
_

0.01
25 %
158° from North
Upstream
Left
Right
0
10°

0.01
25 %
210° from North
Downstream
Left
Right
50
25°

Stream Bank Slope
0.1
0.1
.,:...aat Hemet

v:-

,

,,,, ,N

Table 3. Input Parameters for ideal stream simulation.

31

_

v

0.1

0.1
,-

z-

The 'ideal stream' was simulated and the resulting temperature profiles are shown
in Figure 13. The actual upstream and downstream temperature profiles are plotted, as
well as the simulation for the ideal stream. The results clearly show that the stream
temperature increase over the reach was greatly reduced. The temperature change profile
for the 'ideal stream', as indicated in Figure 14, demonstrate that the adjustments made to
the stream system can greatly reduce the temperature response that occurs over the reach.
Specifically, the temperature change was reduced from roughly 4.2°F to 2.0°F.

Ideal Stream Diurnal Temperature Profiles (6/29/96)
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Figure 13. Temperature profiles for the 'ideal stream'.
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Figure 14. Temperature change profiles for the 'idea stream'.

Discussion
This methodology demonstrates that the cumulative effect of enhancing stream
morphology, hydraulics and vegetation characteristics can result in an improved
temperature regime. Stream segments, such as the one simulated, are subject to
temperature change. Summer time stream temperature increase is probably a normal
phenomenon for this reach and others like it in the upper watershed. Preventing a
temperature increase or efforts to cool this reach are not practical. Instead, efforts must
concentrate to restore a natural temperature response over the stream reach in which
water temperatures increase, but much less than is presently occurring.
It is important to have the proper mind set when dealing with stream temperature.
Goals should focus on preventing unhealthy temperature increase in upper watershed
streams, coupled with efforts to retain healthy temperatures in the lower watershed. Many
residents of the Pacific Northwest question the current regulatory standards for water
temperature quality and contend that regulators have set unrealistic goals for stream and

33

river temperatures. This question can only be answered by the results of long-term
watershed management that adequately addresses the temperature sensitivity of streams in
the upper watershed.
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Stream Temperature Amelioration
Through Subsurface (interflow) Delivery
of Irrigation Water
John C. Buckhouse
Tamzen K. Stringham
William C. Krueger

Abstract
Sensors were placed in-stream above an irrigation head-ditch, in the ditch, in the subsurface
(groundwater), and again in the stream as it flowed through an irrigated meadow, in order to
provide continuous stream temperature readings. Data was collected on a third-order Eastern
Oregon stream. Daily maximum stream temperatures were found to be 1° to 3°C cooler in
irrigated reaches compared to non-irrigated reaches.

Concept
Image yourself entering a cave during the hot summer months. Remember how refreshingly
cool the temperature was? Now enter that cave during a bitter cold winter's day. Note how
pleasantly wann it feels!
This sort of imagery helps explain what we have quantitatively measured in this experiment.
Subsurface temperatures are ameliorated compared to those above the ground. In temperate
zones the earth's mantle is generally between 45°F and 55°F, winter and summer,
respectively (Stringham et al. 199_).
This relatively constant temperature of a mass of huge proportions represents a very efficient
"heat sink" for water. Subsurface water is delivered to the stream at temperatures near 45°F
in the winter — providing a very important biological benefit to the stream's flora and fauna.
Conversely, during the warm summer months, subsurface flows are delivered to the stream at
about 55°F — again providing a very important benefit to the stream's flora and fauna.

Methods
HOBO temp data loggers were placed in-stream above irrigation diversions; in the ditch; in
the subsurface (inteiflow) reaches of the irrigated meadow; and in-stream within the irrigated
meadows. In addition, depth-to-ground-water measurements were obtained using a series of
access wells across the sites. Finally rate of flow, Q, measurements were obtained above
water diversions, below the water diversions, in the ditches, and in the lower reaches of the
streams. Q was obtained using standard velocity x area methodologies.
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Results
When interflows were active (during the periods when irrigation was active), water was
delivered to the stream through the subsurface, representing "effluent" ground water
conditions (Dunne and Leopold 1978). Later, irrigation was shut off, ground water levels
dropped, and the capillary flow of water reversed itself, flowing from the stream toward the
riparian zone, representing "influent" ground water conditions (Dunne and Leopold 1978).
During the irrigation period when interflows were active and effluent ground water conditions
prevailed, water temperatures in the stream, as it flowed through the meadows, were 1° -3°C
cooler than above the diversion where intefflow was not being sustained (Figure 1).
Implications
One landowner told us "when you irrigate the ground gets wet". And so it did. That soil
moisture came subsurface as interflow in contact with the earth's mantle and its great capacity
for heat exchange. When the waters rejoined in the stream, their combined flows were cooler
than they would have been without this subsurface component.
Yet there are still many unknowns. This experiment was conducted and replicated using a
head-ditch irrigation system where all of the irrigation water "subs" from the ditch to the
meadow as subterranean flow. In many respects this system reacts much as we imagine a
series of beaver dams and water runs across a meadow would react. Would flood irrigation
behave the same way? How about sprinkler irrigation?
Obviously further research is appropriate. Yet an intriguing thought remains: Can we
manage in such a way so that we mimic nature, providing both the economic and
environmental sustainability we all desire? It would indeed seem possible if we will only put
our energies to learning how these systems actually function!
References
Dunne, T., and L.B. Leopold. 1978. Water in Environmental Planning. W.H. Freeman and
Co. San Francisco. 818 pp.
Stringham, T.K., J.C. Buckhouse, and W.C. Krueger. 199_. Stream temperatures as related
to subsurface watefflows originating from irrigation practices. Journal of Range
Management. In Press.
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Elimination of Runoff in Nursery Container Crop Production Systems
James L Green, Horticulture Dept ALS 4017, Oregon State University, Corvallis, OR 973317304. E-mail greenjl@bcc.orst edu. Telephone 541-737-5452. FAX 541-737-3479

The 1948 Federal Water Pollution Control Act, commonly called the Clean Water Act (CWA), as
amended in 1972, 1977, 1981 and 1987, states that the National policy is to determine new and
improved methods and the better application of existing methods of preventing, reducing and
eliminating pollution from agriculture of surface and underground waters'. States may not adopt
or enforce any effluent limitations less stringent than the effluent limitations of this Act. As a
result of cleanup of concentrated pollution from point sources, nonpoint source pollutants have
increased in relative importance and now account for more than 50% of the pollution of our
nation's waters; nonpoint sources include sediment, nutrients, pesticides, animal wastes and other
substances which enter our water supply as components of runoff and groundwater flow'. The
Environmental Protection Agency (EPA) initially estimated that 60 percent of all nonpoint source
pollution comes from agriculture. Newer figures from EPA show an increase in the percent of
nonpoint source problems attributable to agriculture'. As a result of an EPA 1995 audit and
inspection of enforcement programs in Oregon to ensure that federal rules were being applied,
infractions were noted and four Oregon dairies were fined. As noted by Governor John Kitzhaber
in November 1996, a federal court recently ordered the EPA to take over clean water programs in
Idaho and Georgia . . . "that could happen here.
Nursery and greenhouse production is a major component of agriculture. It is one of the largest
and fastest growing segments of agriculture in the U.S. The nursery and greenhouse industry is
the sixth largest agricultural commodity group in the United States. The USDA Economic
Research Service ranks nursery and greenhouse crops among the top five commodities in 23
states and in the top 10 in 42 states. The 1995 farm gate value of California nursery and
greenhouse products exceeded $2.1 billion. Farm gate value of nursery sales in Texas in 1993

'United States Statutes at Large. 1972. Volume 86 (Docs K.U55.V86, Public Law 92500).
2I-Ittp://willow.ncfes.umn.edu/buffer/part3.htm. Continued strengthening of the clean
water act reflects the public's concern for clean water.
31Ittp://www.nppc.org/issue%20Handbook/CleanWaterAct.html. Environmental issues NPPC position statement.
'Weller, Thomas. 1996. Governor's efforts on cleanup plan for Oregon water faces
challenges. Capital Press, November 1, 1996, 69(44):1-2.
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exceeded $742 million. In Oregon, 1995 farm gate sales of nursery and greenhouse crops
exceeded $419 million and was the leading agricultural commodity in the state. This was an
increase of 33% over 1990. Rapid expansion growth has occurred primarily in production of
container-grown crops, an increase of 59% since 1990, which account for half of the value of
nursery crop production in 1995. The value of bare root plants from in-ground, field production
decreased 11% since 1990. In Oregon in 1995 there were 21,400 acres of in-ground production
(bare root and balled-and-burlapped plants) employing approximately 2,000 people.
Approximately equal value of container-grown plants were produced in 1995 on 4,400 acres by
approximately 7,000 employees.
In field production of nursery plants, quantities of water and nitrogen applied do not differ
significantly from those applied to agronomic row crops or to orchards: Annual fertilizer
recommendations for field-grown woody plants are 22-44 pounds of nitrogen (N) per acre for
lining out stock and 75-100 pounds per acre for established field stock. However, current
container production systems are labor, water and agricultural chemical intensive.
In evaluating the potential waste discharge from a production system it is important to compare
the actual uptake of water and nitrogen by the plant relative to what is applied; low application
efficiency may result in discharge of polluting effluent from the production area. In field
production systems, application of 22 pounds N/100,000 tree seedlings/acre would provide 1
gram N/plant/year. Application of 100 pounds N/10,000 1-year-old trees (liners-whips) would
provide 4.5 grams N/plant/year. Application of 100 pounds of N/1,000 established 3-5 year-old
trees/acre would provide 50 g N/tree/year. How does N applied compare with plant N uptake?
Acer compestre one-year-old seedlings take up 60 mg N/year; Fagus sylvatica one-year-old
seedlings , 97 mg N/plant/yeae. Photinia liners in CIPS took up 1 gram N/plant/6 months 6. Four
to five-year-old 'Cornice' pears growing in sandy loam near Medford, Oregon take up 42 grams
N/tree/yeae. In the Willamette Valley of Oregon, approximately 10 acre inches of irrigation
water are applied during the irrigation season (May-September, 120 days) to field-grown nursery
plants; with a planting density of 10,000 1 to 2-year old trees per acre this would be
approximately 27 gallons of water/tree/irrigation season. This is less than 1 liter of
water/plant/day (1 liter/plant/day = 32 gallons of water/plant/irrigation season) which is similar to
reported water uptake. A one to two year-old pyracantha takes up 0.6-1.45 liters of

5Carthaigh, D.M. 1994. Environmental aspects of fertilizing container plants. Combined
Proceedings Intl. Plant Propagators' Society 44:182-186.
6Robbins, J. And J.L. Green. 1992. Research data (unpublished). Research report to EPA
Pollution Prevention by and for Small Business Program.
'Sanchez, E.E., T.L. Righetti, D. Sugar and P.B. Lombard. 1991. Recycling of nitrogen in
field-grown 'Cornice' pears. Journal of Horticultural Science 66(4):479-486
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water/plant/day during the growing season. Water and nitrogen application/plant uptake are
rather efficient in nursery field-production systems.
Inefficient use of water and nitrogen may occur in greenhouse and nursery production of plants in
containers. Sprinkler fertigation has the potential to be inefficient. Wind can increase irrigation
time by 2-3 times to provide the minimum water to plants where least irrigation water is reaching
the ground; and, wind can cause evaporative losses of 25% or greater. In addition, the spacing of
the cylindrical containers on the production area results in 20% area not covered when the
containers are touching each other, 80% when there is one container diameter distance between
containers, . . . Birr from North Carolina reported that the combination of nontargeted
application and over irrigation may result in application of 40,000 gallons of water per acre per
day (1.47 acre inches of water) during the growing season with losses of 16,000 to 36,000 gallons
per acre as runoff, percolation and evaporation'. In Oklahoma, during the 190 day irrigation
season (April 1-October 25), approximately 110 acre inches of water are applied in container
nurseries° and up to 400 acre inches of irrigation water applied per year'. In the Willamette
Valley of Oregon, container nurseries with overhead irrigation systems apply 53-170 acre inches
of water during the growing season'. With capillary beds it is possible to grow container plants
with less than 30 acre inches of applied irrigation water". With one-gallon-size woody plants in
a closed system, such as the closed insulated pallet system (CIPS), less than 10 acre inches of
irrigation water is required annually.
With overhead sprinkler irrigation approximately 100 acre inches of water may be applied during
the growing season. If surface runoff is collected and recycled, the nursery is recycling nitrogen
leached from the containers and is fertigating. If 100 acre inches of water (27,154 gallons/acre
inch) containing 200 ppm N (200 mg N/liter of irrigation water) is applied during the growing
season, 4530 pounds of nitrogen are applied per acre per season. If there are 30,000 one-gallon

8Labous, P.J. and S.J. Willis. 1994. Water recycling trials in hardy nursery stock
production. Combined Proceedings International Plant Propagators' Society 44:174-181.
9Birr, Richard. 1988. Water and container nurseries. Mountain Nursery Newsletter, March
1988, p1.
'Whitcomb, Carl E. 1984. Plant Production in Containers. Lacebark Publications, 638
pages.
'Kenyon, B. 1990. Report on St. Louis IR-4 Meeting, November 15-16, 1990.
"Bluhm, W. D. Adams and R. Ticknor. 1980. Irrigation water application to Oregon
nursery and greenhouse crops. Report to the Oregon Association of Nurserymen, 26 pages.
'Ticknor, R.L. and J.L. Green. 1987. Effect or irrigation method on plant growth and
water use. Proc. Intl. Plant Prop. Soc. 37:45-48.
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plants per acre (31% open space between containers), this is 685 milligrams N applied per plant
for each acre inch of fertigation, or 68.5 grams N and 90.5 gallons of water per plant per
irrigation season. If it were larger plants, i.e. 10,000 3-gallon containers per acre, 205 g N and
272 gallons of water would be applied per plant. Application of 100 acre inches of irrigation
water and up to 4,530 pounds of nitrogen per acre with overhead sprinkler fertigation in container
plant production sets this system apart from field production of agronomic and nursery crops
where 22-100 lbs of N and approximately 10 inches of irrigation water are applied annually.
Are there other application systems that are more efficient than fertigation? Relative efficiencies
of plant water uptake (amount retained in pots and plants/amount applied) from four irrigation
systems were: 8-9% for overhead sprinklers, 50-57% for drip irrigation with direct application of
irrigation water to only the container media surface and capillary or subirrigation, and 75-88% for
ebb and flow systems; ebb and flow was applied less frequently than drip or subirrigation and had
less evaporative water loss. Actual water applied ranged from 11-94 liters/plant (4.78 - 39.78
acre inches) for ebb and flow and overhead sprinkler systems respectively during the 3 month
production period'. While some irrigation systems have less leachate discharge than others, in
container irrigation-fertilization studies by Jarrel et al" The average leachate N concentration
corresponding to maximum plant yield, regardless of water quantity or fertilizer form applied, was
between 100 and 200 mg N/liter. The implications for environmental quality are not encouraging.
With all open container irrigation systems it is possible to collect and recycle surface runoff.
Depending on slope of land, soil type (percolation), degree of saturation of the soil, and rate of
irrigation water application one large nursery in the West reports surface runoff of 45, 75 and
85% of applied water at three different sites in the nursery. One large container nursery reports
recylcing results in conservation of 50% of the applied overhead sprinkler irrigation water".
With the closed, insulated pallet system with no water loss from the root zone by gravity,

'Neal, Catherine A. And Richard H. Henley. 1992. Water use and runoff comparisons of
greenhouse irrigation systems. Proc. Fla. State Hort. Soc. 105:191-194.
"Jarrel, W.M., S.J. Whaley and Bijan Miraftabi. 1983. Slow-release fertilizer and water
management with container-grown Ligustrum texanum. Scientia Horticulturae 19:177-190.
"Skimina, Coinrad A. 1987. A 17-year case history of research and implementation of
water recycling on container nursery stock. Combined Proceedings Intl. Plant Propagators'
Society 37:82-83.
ALSO,
Skimina, Conrad A. 1986. Recycling irrigation runoff on container ornamentals. HortSci.
21(1):32-34.
Skimina, Conrad A. 1987. One nursery's efforts. American Nurseryman 165(2):43.
Wells, Rick. 1990. Water recycling at Monrovia Nursery Company, Azusa, California, and
Dayton, Oregon - An overview. Combined Proceedings Intl. Plant Propagators' Society 39:475482.

42

evaporation or runoff, the same plants can be grown with approximately 10 acre inches of water
per year".
Can we improve the irrigation water and fertilizer use-efficiency and overcome the limitations of
existing container production systems and simultaneously address the other major challenges in
container plant production? The major challenges in container production are: 1) Reduce inputs
and waste discharge of resources such as water, fertilizers and other agricultural chemicals,
energy . . . 2) Prevent root temperature extremes that occur in containers during high sunlight
and winter low temperature periods. 3) Enhance pest management; decrease chemical pesticide
dependency. 4) Labor, - increase year-round uniform labor demand, decrease manual, minium
wage tasks, enhance working conditions. 5) Increase transportation/handling efficiency. The
closed, insulated, pallet system (CIPS) was designed to address these challenges.

CIPS, the Closed, Insulated, Pallet System
The CIPS (figures 1, 2, and 3) and related research and development and publications are
presented in several key publications. The CIPS conserves resources. Plastic mulch, overwinter
covers, containers, and fumigation covers are not required. Herbicides can be eliminated;
fertilizer and water inputs can be reduced by 80-90%; plant growth and quality are equal or
greater in CIPS. Differential costs of production are comparable or less than in conventional
systems, marginal or non-productive land surfaces can be used, and labor conditions and
efficiency are enhanced". Since initiation of the research in 1990, diverse plants from over 42
families (68 genera, 72 species) have grown as well or better in CIPS than in open container
systems. Phytophthora cinnamomi, a plant root pathogen, does not spread from inoculated to
noninoculated root pouches in CIPS. Greenhouse tomato plants are more tolerant of saline
irrigation water, and production is more profitable in CIPS than in the open container system'
Results from the research strongly support the technical and economic feasibility of the plantdriven, closed, insulated pallet system. Compared to other production systems, this is a plantsmart-system. Fertilizer and water movement are plant-driven. Water and fertilizer nutrients
move from respective reservoirs in the plant root zone in response to plant uptake.
Several ideas and techniques emerging from the research have potential for integration into the
current open container production systems. For example, the "protected diffusion zone" of the

'Robbins, J. and J.L. Green. 1992. Research data (unpublished). Report to EPA
Pollution Prevention by and for Small Business Program.
"Briggs, B.A. and J. L. Green. 1991. Environment-friendly plant production system: the
closed, insulated pallet. Combined Proceedings Intl. Plant Propagators' Society 41:304-307.
'Briggs, B. And J. Green. 1994. Closed, plant-production system update. Combined
Proceedings International Plant Propagators' Society 44:376-379.
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CIPS to shield applied fertilizer and other soluble chemicals from convection or leaching from the
root zone by surface applied water can be embodied in a Conserver for use in open containers and
in field and landscape plantings to conserve applied chemical and minimize waste discharge from
the production area and root zone" (figure 4). A three-year experiment comparing one and
three year rates of coated and uncoated fertlilizer protected within Conservers inserted into open
containers or applied to the open top surface of container media with overhead sprinkler irrigation
is currently underway at Briggs Nursery in Washington (Figures). While there was a 3 times or
greater discharge of N from the surface-applied fertilizer treatments than from the Conserver
protected fertilizers during the first year (Figure 6), there were no significant differences in plant
growth (Figure 7). N-discharged (leached) during year 2 and year 3 will also be measured and
compared with plant growth.
Shielding the fertilizer reservoir from gravitational, evaporative or capillary water flow pathways
by dividing the plant root system so that water uptake roots are in one compartment or pouch and
fertilizer uptake roots in a second compartment, prevents the solubilization and diffusion of large
quantities of fertilizer throughout the root zone and resultant high salinity inhibiting water uptake
(Dual Pouch I, Figure 8). Upward capillary water movement occurs in both pouches, but in the
fertilizer pouch the fertilizer is shielded and diffusion is controlled by placement into upward
opening Conservers. The Dual Pouch II (Figure 9) takes this one step further. The fertilizer
pouch is comprised of an 'infinite' reservoir of fertilizer within a non-irrigated pouch (plastic bag).
The water uptake roots are placed within the capillary-irrigated pouch. Water is transferred
within roots across the air gap surrounding the roots at the base of the plant stem to roots in the
non-irrigated fertilizer pouch. Water is discharged from these roots to solubilize the fertilizer for
uptake. This is an elegant form of plant-controlled water and fertilizer uptake.
Another embodiment and takeoff from the CIPS with its protected diffusion zone is the "Floating
Plant-Pouch Raft" that would allow collection/storage of rainfall in the water reservoir under the
floating pouch raft (Figure 10). In the Willamette Valley, 40+ inches of rainfall could be collected
overwinter in the CIPS water reservoir to meet irrigation requirements during the dry, growing
season. Water would be reserved in CIPS not only to meet the needs of the CIPS-grown plants
(10 acre inches of irrigation water per year), but also for irrigation of container-grown plants not
adapted to CIPS, for irrigation of field-grown crops, and for irrigation of landscapes.
The application of fertilizer within a protected diffusion zone shielded from water flow pathways
conserves fertilizer within the plant root zone while also protecting surface and ground water
quality.

"Green, J.L., S. Kelly, B. Blackburn, J. Robbins, B. Briggs and D. Briggs. 1993. A
protected diffusion zone (PDZ) to conserve soluble production chemicals. Combined Proceedings
International Plant Propagators' Society 43:253-257.
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Figure 1. The Closed, Insulated, Pallet System (CIPS) establishes an
enclosed, sealed, stable root environment.

Figure 2. Topdressed
fertilizer moves by diffusion to
the roots in response to plant
uptake. Water moves upward
from the reservoir In the
pallet base by capillary flow
to the roots in response to
plant uptake. Water and
fertilizer movement in CIPS
are PLANT-DRIVEN.

rn

Figure 3. The inground, closed, insulated production system (ICIPS)
is an alternative embodiment of the above ground closed, Insulated
pallet system (CIPS) illustrated in Figure 1.

Closed Pallet
Figure 4. Embodiments of the "Protected Diffusion Zone"
(PDZ): CIPS, CIPS with extended PDZ Conserver,
Conserver in
Conserver in open rootzoAco
gs.' 1
field/landsca•pl

Open Container

Open Field/Landscape
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Fertilizer Application Treatments

♦ Conservers
– 1. Uncoated 28 grams. Bonogro plug.
– 2. Uncoated 28 grams. Peat-Vermiculite plug .
– 3. Coated 28 grams. Bonogro plug.
– 4. Coated 28 grams. Peat-Vermiculite plug.
– 5. Coated 84 grams. Bonogro plug.
– 6. Coated 84 grams. Peat-Vermiculite plug.
♦ Bags
– 7. Coated 28 grams.
– & Coated 84 grams.
– 07. Olympia, coated 28 grams.
– 07F. Olympia, coated 28 grams + fertigation.

70

Golsen/era

Figure 5. Treatments in open
rootzone, overhead sprinkler
irrigated experiment at Briggs
Nursery Inc. This is a 3-year
experiment (1995-1997) with yearly
data collection.

Bags
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Figure 6. Fertilizer discharge (grams
nitrogen discharged during the first
year, June 1995-June 1996) was
similar from all application methods
without regard to plant species.
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Fertilizer Treatment
IIGrhodie G birch Bi Thujala daylily t3spirea I

Daylily - grams fertilizer discharged, number of fans,
Bags
Conservers

Figure 7. Plant growth was similar in
all fertilizer application treatments
without regard to grams N
discharged.
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Figure 8.
DUAL POUCH I:
*Air-zap-separation of water uptake roots from
fertilizer uptake roots in dual- pouches prevents
diffusion of fertilizer and high salinity throughout
total rootzone with inhibition of water uptake.
Capillary movement of water into both Douche
provides non-saline water for root uptake in the
non-fertilizer pouch and provides water to
solubilize fertilizer for root uptake in the fertilizer
pouch.

Figure 9.

DUAL POUCH II: 'smart' plant
♦Plant-Controlled Fertilizer Solubilization
and Uptake: We hypothesize that an 'infinite'
reservoir of fertilizer can be placed in a nonirrigated fertilizer pouch. Water will be
transferred across an air gap from roots in the
capillary irrigated pouch to roots in the
fertilizer pouch. Water will be discharged from
these roots to solubilize the fertilizer for uptake.

Plant-controlled water and fertilizer uptake!

Figure 10
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"Surviving the Flood - The Effectiveness of Management Practices on Agricultural Land"
By Robert K. App, Resource Conservationist
USDA Natural Resources Conservation Service
Hillsboro, Oregon
The Flood of 1996 will be remembered as a moment of a lifetime.
For those of us in the natural resource field, many observations and few conclusions about the
storm and its intensity and effects on natural resources can be made.
The topic of my presentation is the effectiveness of land management practices. When
discussing water quality issues, a more appropriate title is Surviving the Flood - the effectiveness
of Best Management Practices on Agricultural Land.
Best Management Practice relate to all lands including forestry, agricultural and urban, however,
within this presentation I will discuss only agricultural BMP's and methods of evaluation.
The basis of my presentation is my work related experiences in the Tualatin River Basin. Since
1988, I have had the opportunity to plan and implement BMP's in this 465, 280 acre watershed,
located in the Lower Willamette Basin. The watershed is about an equal mixture of forestry,
agricultural and urban lands.
The Tualatin River Basin has been under a microscope by Federal and State water quality
agencies because it was the first surface water basin in the State of Oregon to be listed as water
quality limited.
The agricultural nonpoint source plan developed to reduce excess nutrient loading, utilizes
BMP's which were obtained from the SCS / NRCS Field Office Technical Guide. The basis of
the BMP's is NRCS Standards and Specifications and the Universal Soil Loss Equation. The
development of individual conservation plans with cooperating farmers has resulted.in
implementation of BMP's throughout the Tualatin Basin.
Accelerated technical and financial assistance from agencies of USDA; NRCS, OSU Extension
Service, Farm Service Agency and local assistance from Washington County SWCD assistance
have been the keys to getting BMP's implemented.
Other key players in the process on agricultural lands include the Oregon Department of
Agriculture, Oregon Department of Environmental Quality, Oregon Graduate Institute, Oregon
State University, Tualatin Valley Irrigation District and Unified Sewerage Agency.
Programs which have helped provide financial incentives include the USDA Dairy McKay
Hydrologic Unit, the Water Quality Incentive Program (WQIP), State Cost-sharing from the
Oregon Department of Agriculture and grants from Oregon State University and ODS for small
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farm demonstrations. The goal of the Tualatin River Watershed Management Plan Program is to
reduce or eliminate all excessive nonpoint source pollution in rural areas. This includes:
1) Soil erosion and sedimentation from agricultural lands.
Examples of BMP's include conservation tillage, cover crops, conservation
cropping sequence.
2) Nutrient loading of phosphorus from all agricultural sources including fertilizers,
animal manures, sedimentation etc.
Examples of BMP's include nutrient management, manure storage and application
within crop needs.
3) Nutrient and sediment reduction from pasture management.
Examples of BMP's include rotational grazing, fencing of riparian areas and offstream watering facilities.
4) Effective methods of streambank erosion control.
Examples include streambank stabilization, soil bioengineering.
To date conservation plans have been developed and implemented by landowners on 35,000
acres. This includes 12,000 acres of Highly Erodible Land (HEL) developed and implemented
as part of the USDA Farm Bill for participation in USDA Programs.
This have been a quick overview of the Land Management activities let's look at their
effectiveness in relation to a storm of the magnitude of the February storm of 1996.
The storm of 1996 created some impacts that are hard to measure or evaluate in the relation to
Best Management Practices.
The storm created problems in that it occurred with snow on frozen ground then followed with
heavy rains. This resulted in saturated soil conditions which in many cases resulted in slides.
The storm carried heavy sediment loads of silt, rock and debris. Cropland in low lying areas
were subject to overflow, accumulation of sediment and debris.
Scouring of the land occurred. In many cases fall crops were drowned out. The impacts of the
flood plains were evident in holding the water thereby reducing downstream impacts.
To evaluate the land management practices (BMP's) three different methods may help to
determine BMP effectiveness.
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The first method is visual observation:
Several BMP's are extremely effective.
a) Conservation Tillage - Residues left on the soil surface over winter provided excellent
protection from runoff and sedimentation. Although the storm exceeded the ability of
the residues to hold all the soil in place, steep fields with conservation tillage faired
better than flat valley bottom fields which h had little or no residue cover.
b) Cover Crops - As part of EPIC field trials being conducted by Dean Moberg, Water
Quality Specialist in the Hillsboro Field Office. Cover crops has virtually no runoff
on fields as flat as .5% slope while adjacent row had runoff where the soil was bare.
During one three day period in January 1996, 2.1 inches of rain fell. No runoff
occurred on the row which had a seeded permanent cover crop while the collection
bucket overflowed on the row which was bare and has no cover crop planted. The
collection bucket was removed on the cover crop row prior to the February storm.
During the storm period the collection areas was under water.
c) Streambank stabilization on West Fork Dairy Creek which utilized partial bank riprap
or cable log structures which were constructed, seeded, mulched and netted withstood
3 large storm events including the February storm. Grass seeding planted in
September held the bank in place and trapped out sediment. In some cases up to three
feet of sediment was deposited on the streambank.
The second method used as model prediction using the Erosion Productivity Impact
Calculator (EPIC)
For the last two years Dean Moberg, Water Quality Specialist in the NRCS Office in
Hillsboro has been gathering actual farm data and using the EPIC model to predict runoff
and sediment and phosphorus movement. In 1996 to validate the model he began field
model validations using an H style flume to measure and collect runoff from two different
sites in the Tualatin River Basin. The initial results show that runoff is greater than the
EPIC model predicted while phosphorus and erosion were lower than what was predicted.
Unfortunately during the February storm event, ice in the flume on one site created
intense problems and on the other site the flume was under water. The collection was
abandoned for what event as the weather conditions were extremely weird.
Evaluation of EPIC model will continue into 1997. Thanks to Dean Moberg, Water
Quality Specialist for his input into this presentation. For more information Dean can be
contacted at the NRCS field office, Building B, Suite B-2, 1080 SW Baseline, Hillsboro,
OR 97123 or Telephone (503) 648-3014.
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The third method, monitoring of the Tualatin River at selected points within the
watershed.
Monitoring within the Tualatin Basin has been used extensively the last 9 years by the
Designated Management Agencies to track the progress of selected tributaries in the
Tualatin Basin to meet the water quality standards, Total Maximum Daily Load
(TMDL' s).
The storm of 1996 in all cases should provide some evidence that the water quality has
been effected or give an indication of the effectiveness of BMP's.
The data as supplied by Mike Wolf from the Oregon Department of Agriculture shows
little or no change in total phosphorus, or soluble phosphorus in summertime data. The
only parameter affected is Total Suspended Solids. The East Fork Dairy creek data shows
a TSS double in 1996 versus 1995 and 1994. What does it mean?
This watershed was one of two or three which suffered extensive damage due to the
combination of ice and heavy rain. Within the watershed there was major damage in the
forested areas on logging roads. The storm intensity resulted in major slides. The rush of
water cut new stream channels in several areas releasing large amounts of sediment and
debris in the watershed. This material being very find in nature continues to remain in the
watershed. 1997 will allow a better evaluation of the data.

Conclusions
Best Management Practices do work as visually observed during and after the storm
events of 1995 and more notable February 1996.
BMP's which were the most effective were conservation tillage, permanent cover crop
and streambank stabilization measures which had sound engineering design.
The use of the EPIC model and field validation using the smaller H shaped flumes has
some limitations. The volume of runoff and ice conditions of the February 1995 storm
overwhelmed the system. The model EPIC is viewed a model and can help fine tune
BMP's in smaller rainfall events.
Monitoring in large watershed is also a tool. Due to the large size of the watershed only
the total suspended solid data appeared to reflect a change. A better indicator of what is
happening in the watershed is future data from 1997 and beyond. Monitoring needs to
view data in terms of a trend rather than single season or single events for interpretation
of change.
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A Planner's Perspective on the Flood of '96
by
John N. Morgan
City of Keizer

Introduction
• The Lessons Learned
• The Lessons that should have been learned
Three Arenas
• The Historical and Legal Context
• The Big Event
• Prospects for the future - lessons learned
The Legal and Historical Context
• Using Federal Guidelines and Law, Local Governments
have planned for land use in flood plains based on sound
environmental, spatial, and economic considerations.
• Flood Plain Planning is nothing but Insurance
Management
We are Risk Administrators, not land use planners!
• There is a cost to build in a flood plain, and we (the feds)
have decided the risks associated with those costs are
manageable. Building in a flood plain is acceptable.
• Flood plain administration is done for FEMA defined
flood plains, not real flood plains.
• The most important thing to worry about during and after a
flood is the paperwork. Did you get the permits all issued,
and were they done properly?
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Keizer's Flood Plain Mapping
• 1985 Map
• 1995 Map

The Event
• Three Flooding Events
-The Threat of the Dike
-The Surprise of Labish Creek
-The Disgust of Sewage
Prospects for the Future - Lessons Learned
• Know and Preach that it will happen again!
• Strike now while the iron is hot!
• Use local knowledge and empirical evidence to map flood
plains, not just FEMA mapping.
• Thing Macro not Micro
. Geographically
. Institutionally
Prospects for the Future Lessons Learned
• Don't Build in the Flood Plain!
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Goals of the Water Quality Standard for Stream Temperature
Debra Sturdevant
Oregon Department of Environmental Quality
December, 1996

The first temperature standard in Oregon was adopted in 1967 for the Willamette River.
A document from that time states that the primary aim of this temperature standard is to
keep water temperature as low as possible and maintain normal seasonal variation to
accommodate fish, and still allow for other reasonable water uses. Although the standard
itself has changed and now applies statewide, the "prime aim" of the standard really
hasn't changed.
In January of 1996, Oregon's Environmental Quality Commission (EQC) adopted a
revised water quality standard for stream temperature. This was the product of a three
year standard review process that included a Technical Advisory Committee, a Policy
Advisory Committee, a public review process and, finally, deliberation and adoption by
the EQC. In addition to the standard rule, the product of this effort was an issue paper
which documents the scientific information, rationale, policy considerations and review
process behind the new standard. This paper is available from the Department of
Environmental Quality (DEQ), Water Quality Division.
The triennial standards review is required by the federal Clean Water Act (CWA) and the
standard revisions and adoptions are subject to approval by the US Environmental
Protection Agency (EPA). During this process the state reviews the best scientific
information available to determine the numeric or narrative water quality criteria needed
to protect the uses of the waters of the state. Standards are set for wide application with
the understanding that site specific criteria may be set where local circumstances are
unique and there is reliable evidence to support a different local criteria.
The major goals of the temperature standard are to:
1.
2.
3.
4.
5.

meet the goal and requirements of the CWA,
protect designated beneficial uses,
reverse or prevent surface water warming trends,
limit change from the "normal" temperature regime, and
allow for reasonable use of Oregon waters.

The remainder of this paper will discuss these goals in various ways and provide more
information in an attempt to communicate what the agency is trying to accomplish
through the use of this tool, the stream temperature standard.
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Meet The Goal And Requirements Of The CWA
The goal of the federal CWA is "to restore and maintain the chemical, physical and
biological integrity of the Nation's waters." This is essentially a goal of whole and
functioning aquatic ecosystems. While chemical constituents have been the primary
focus of water pollution control agencies such as DEQ in the past, we are now paying
more attention to the physical and biological components of the system. Stream
temperature is a good example of this - it is a physical characteristic and it is very critical
to the biota of an aquatic ecosystem.
The temperature standard rule states that it is the policy of the EQC "to protect aquatic
ecosystems from adverse surface water warming caused by anthropogenic activities," and
that it is "the intent of the EQC to minimize the risk to cold-water aquatic ecosystems
from anthropogenic warming of surface waters [OAR 340-41-120(11)(a)]. This is
consistent with the goal of the CWA stated above. The additional goals of the EQC (to
encourage the restoration of critical aquatic habitat, to reverse surface water warming
trends and cool the waters of the state, and to control extremes in temperature fluctuations
due to anthropogenic activities) support this over-riding goal.
Protection of Beneficial Uses
The purpose of water quality standards, according to the CWA is to protect the public
health or welfare, enhance the quality of water and serve the purposes of the Act (CWA).
Standards are set to fully protect beneficial uses. A water quality standard consists of
the beneficial use to be protected, numeric or narrative criteria that support the use, and
an antidegradation policy. The criteria is based on what is needed to protect the
beneficial use. There are many beneficial uses of Oregon waters. The uses most
sensitive to stream temperature are those related to fish and aquatic life, including
anadromous fish passage, salmonid rearing, spawning, egg incubation and fry emergence,
resident fish and aquatic life and fishing.
In setting the temperature standard, an overall statewide criteria was based on the native
cold-water species that are widespread around the state. The temperature unit is the
average of the daily maximum temperature over a moving 7-day period to eliminate
short-lived temperature extremes. The standard requires that when the criteria is
exceeded a temperature management plan is needed. Additional specific criteria were
established for more sensitive uses in the specific locations where and during the times
when those uses occur. These include the criteria for bull trout and for salmonid
spawning, egg incubation and fry emergence. There are some amphibians that also have
strict cold temperature requirements but there was not enough information available at the
time of the standard review to establish criteria specific to those species.
In summary so far, the goal of the water quality standard is to meet the goal of the CWA
to maintain and restore aquatic ecosystem integrity and to protect beneficial uses. The
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water quality standard consists of the beneficial use and the criteria needed to protect that
use, which in the case of the temperature standard is the cold-water aquatic species native
to the waters of Oregon.
Reverse or Prevent Warming Trends
The next two goals I'd like to discuss are related to the primary goals discussed above,
but provide another way to think about and understand what we are trying to accomplish
with the temperature standard. The first of these goals is to establish cooling trends or,
perhaps more properly stated, to reverse warming trends in streams that have been
warmed due to human activity. The aim is to reduce the rate of warming of streams that
begin as various mixtures of snow melt, groundwater inputs (springs) and runoff
The Temperature Sub-committee of the Technical Advisory Committee for the standards
review process concluded that there has been widespread warming of streams across the
state and that human activity has contributed to this warming. The sub-committee also
found that not only maximum stream temperatures but the temperature regime of a stream
- the timing of stream temperature change through the year - is important to the
development of fish and aquatic invertebrates. In addition to growth rates, the timing of
the development of organisms from one life stage to another is critical to their survival
and reproductive success.
The following graph (figure 1) provides a simplified illustration of the goal to reduce the
rate of warming of stream temperature. The upper line represents a stream that has had
additional warming due to anthropogenic activity. While this stream reaches a
temperature at equilibrium with the air temperature at a downstream point along its
course, the increased rate of warming moves the point at which it exceeds the '64
criterion upstream and reduces the number of stream miles with temperatures protective
of cold water fish use. One way to think of the goal of the temperature standard, then, is
to reduce the rate of warming and push that point at which the stream exceeds the 64°F
criterion downstream as far as possible. Many streams, particularly the smaller ones or
some of those along the coast, will not reach the point of equilibrium before their
confluence with another stream or their mouth at the ocean.
Maintain Temperature Regimes
Stream temperatures change through the day and through the year. It is not only
maximum summertime stream temperatures which are important to aquatic life. The
timing of temperature change through the year also affects the development or activity of
aquatic organisms. The time required for egg incubation and, therefore, the timing of
when the eggs hatch and when the fry emerge from gravels into the flowing stream is one
example.
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Figure 1. Simplified Illustration of Stream Warming from Headwaters to the Mouth Increased Rates of Warming Reduce the River Miles with Temperatures
Protective of Cold-Water Fish and Aquatic Life

When streams are warmed, there is also an increase in the amount of time during the year
that temperatures are warmer than desired. In addition, the amount of time during the day
which stream temperatures are too warm increases. For example, when stream
temperatures are too warm, salmon and trout hold in cool pools or refugia. This adds
stress from crowding, increases competition for the available food, and decreased the
amount of time they are able to feed in riffles where food availability is typically greater.
In summary, while stream temperature has always exceeded 64° in some places during
the heat of the summer, the goal of the standard is to minimize the time and the number
of stream miles where this occurs in order to maximize the habitat available for use by
cold-water aquatic organisms such as salmon and trout.

Temperature Management Plans
A somewhat unique aspect of the temperature standard is that the 64°F criterion and the
other criteria in the standard not only act as temperature goals but also as triggers to
initiate action. When the criteria are exceeded in a basin, the development and
implementation of temperature management plan is required. These plans are to identify
measures, steps, practices and/or technologies to limit or eliminate adverse anthropogenic
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warming of surface waters. The purpose of the plans is to reverse the warming of the
basin or stream segment that exceeds the criteria. These plans are to be developed by
designated management agencies (DMAs) or point source permittees and shall continue
to be maintained or improved until either the numeric criteria are achieved or until the
DEQ determines, in consultation with the DMAs, that all feasible steps have been taken
and designated uses are not being adversely affected.
By addressing the temperature standard through stream, riparian and watershed
management, our efforts will have additional benefits for our streams and rivers. The
same management measures and practices that will help reduce stream temperatures are
also likely to reduce erosion and sedimentation, decrease nutrient inputs, improve habitat
conditions and/or, in some cases, even improve stream flows. These are all elements
important to the overriding goal of the CWA to protect the integrity of our aquatic
ecosystems - the chemical, physical and biological integrity of the waters of Oregon.
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Effects of Riparian Zone Vegetation on Stream Temperatures
in the Upper Grande Ronde Basin, Oregon
James R. Bloom, P.E.
Oregon Department of Environmental Quality
Elevated stream temperatures in the Upper Grande Ronde Subbasin in northeastern
Oregon have been identified as contributing to the dramatic declines in salmonid populations
observed in the basin and the listing of Snake River Salmon as a threatened species. Temperatures
in the Grande Ronde River, which flows into the Snake River, and in many of the Grande Ronde
River's tributaries, including Catherine Creek, significantly exceed applicable temperature
standards. Factors contributing to elevated temperatures include removal of shading vegetation,
reductions in steam flow rates, and changes in channel characteristics.
Study Area
The Upper Grande Ronde Subbasin consists of .1,640 sq. miles of the 5,300 sq. mile
Grande Ronde Basin located in northeastern Oregon and southeastern Washington states. The
Upper Grande Ronde Subbasin covers the portion of the Grande Ronde River watershed located
upstream from the confluence of the Wallowa River at the town of Rondowa (located downstream
of the town of Elgin) (see Figure 1). Principle water bodies in the Subbasin include the Grande
Ronde River and Catherine Creek. The Upper Grande Ronde Subbasin is bordered by the Blue
Mountains to the west and northwest; the Elkhorn range to the southwest and the Wallowa
mountains to the east and southeast. The subbasin is characterized by rugged mountains in the
headwater areas and the 360 sq. mile Grande Ronde Valley in the lower elevations. Elevations
range from 2,300 feet to 7,800 feet (ODEQ, 1995).
In order to evaluate the causes of elevated stream temperatures and the potential
temperature improvement available from mitigation measures, a modeling study was performed by
the U.S. EPA on the 695 sq. mile southwestern portion of the Upper Grande Ronde Subbasin
located upstream from Hilgard Junction (near the city of La Grande). Elevations in most of this
study area are relatively high. 75% of the study area is located within the Wallowa-Whitman
National Forest, which consists mostly of rugged, partially forested mountains (Chen, 1996). Much
of the remainder consists of broad valley bottoms that are dominated by open meadows which are
predominately under private ownership and used for livestock grazing.
Climate in the study area consists of cold, moist winters and hot, dry summers. Typical
precipitation ranges from 22 inches in the lowest valley to 31-39 inches in upper elevations (Chen,
1996). Nearly all the precipitation falls from October to June, with most falling as snow. Most
runoff is due to snowmelt, with peak stream flows occuring in the spring and low flows occuring
from mid-summer through winter.
Temperature Concerns
Historically, the Upper Grande Ronde basin supported large runs of spring chinook (0.
tshawytscha) and summer steelhead (0. mykiss) (Chen, 1996, McIntosh, 1992). These runs have
been dramatically reduced in the past several decades. ODFW estimated that the number of spring
chinook spawners in the UGR basin dropped from 12,200 in 1957 to less than 400 in 1989 (Chen
1996, ODFW 1990). Declines in salmonid populations have been attributed to construction of
dams on the Columbia and Snake Rivers, ocean harvesting, channelization and loss of pool habitat,
sedimentation, hydrologic changes, and temperature increases.
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Figure 1 - Upper Grande Ronde Subbasin

Although it is unclear how much of the decline in salmonid populations is due to
temperature increases, it is clear that temperatures in the Grande Ronde and many of it's
tributaries exceed the State of Oregon temperature standard for the UGR. The temperature
standard is as follows:
1) The seven day moving average of the daily maximum temperature may not exceed
17.8°C (64°F),
2) During spawning, egg incubation, and fry emergence periods the standard is 12.8°C
(55°F),
3) If Oregon Bull Trout are present, the standard is 10°C (50°).
Extensive stream temperature monitoring was performed in the Upper Grande Ronde
Subbasin from 1991 through 1993 by the United States Forest Service (USFS), the Oregon
Department of Environmental Quality (ODEQ), the Oregon Department of Fish and Wildlife and
the Oregon Department of Forestry (Bohle, 1994; ODEQ, 1994; ODEQ, 1995). The monitoring
was performed using continuous temperature monitors, such as Starlog Data Loggers or Uni-Data
Monitors, with the probes placed in well mixed sections of the streams. Most of the monitoring
was performed during the summer. These studies showed that temperatures in the Grande Ronde
and many of it's tributaries, including Catherine Creek, frequently exceeded the standard. Figure 2
shows the maximum 7-day average temperatures observed in the mainstem of the Grande Ronde by
ODEQ in 1992 and 1993 (ODEQ, 1994). As shown, except in the upper reaches of the River,
temperatures significantly exceeded the 17.8°C standard. Similar high temperatures were
observed in many tributaries.
Grande Ronde River Mainstem
Maximum 7-day Average Temperature

210

200

190

180

170
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Milepoint

Figure 2 - Maximum 7-day Average Temperatures Observed by ODEQ in Grande Ronde
Mainstem
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Temperature Model Development and Calibration
While monitoring shows that the temperature standard is being exceeded, it does not show
whether the exceedances are the result of anthropogenic changes in the watershed. In order to
evaluate causes of the exceedances, and whether mitigation measures could result in the standard
being met, a modeling study was performed of the 695 Upper Grande Ronde subdivision by the
U.S. EPA National Exposure Research Laboratory. The study is fully described in David Chen's
1996 PhD. dissertation (Chen, 1996). Following a review of models available for simulating
temperature in complex watersheds, the U.S. EPA and U.S. Geological Survey supported modeling
framework HSPF (Hydrologic Simulation Program-FORTRAN) was selected for the model
(Bicknell et al., 1993). HSPF is a basin model which can simulate the hydrology and hydraulics of
complex watersheds with mixed land covers and stream networks. HSPF models the generation of
runoff and heat loads in land segments as well as the routing of the flows and loads through the
system.
Two significant additions were made to the HSPF model by Chen for the Grande Ronde
application: 1) an external program called SHADE was developed which computes the actual
amount of solar radiation absorbed by stream water, and 2) HSPF was revised to include a
methodology for computing heat flux between the water column and the stream bed (Chen, 1996).
SHADE accounts for the effects of topography, vegetation, and stream orientation on stream
shading. With these additions, the model calculates the net gain or loss of heat content by
calculating energy fluxes at one hour steps throughout the day including: short-wave solar
radiation (both beam and diffuse), long-wave atmospheric and back radiation, evaporative heat
loss, conductive and convective energy transport. and bed conduction. Stream temperature is then
calculated using Browns equation (Brown, 1969):
AH x A
AT –x K
0

where:
AT = temperature change
All = net gain or loss of heat content
A = stream surface area
0 = stream fl ow rate
K = units conversion factor

To provide input to the model, extensive use was made of GIS databases, which included data
collected by remote sensing. Input to the . model included data on topography, hydrography,
vegetative cover and soil characteristics, riparian vegetation, and stream channel characteristics.
Meteorological data was derived from five primary and six secondary stations and included hourly
precipitation, air temperature, and solar radiation observations and daily averaged potential
evapotranspiration, wind velocity. and dewpoint temperature observations.
The model was calibrated and verified using data collected during 1991 and 1992 by the
USFS at 30 stations in the basin (Bohle, 1994) and is described in detail in Chen, 1996. Chen
concluded that temperatures calculated by the model matched the observed data points reasonably
well at a majority of the stations and that the simulated maximum temperatures are within 2.5°C of
the observed values.
Modeling Simulations
Chen utilized the temperature model to estimate stream temperature changes expected in
response to changes in riparian vegetation. Stream temperatures were classified into the five
categories shown in Table 1. Model simulations were performed for 1991 and 1992 and the
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number of reaches calculated to fall into each of the categories are shown in Table 1. Nearly all
stream reaches fell into the categories LT, SLT3 or SLT2, indicating that the ODEQ standard for
maximum 7-day average of 17.8°C was exceeded.
Table 1 - Stream temperature classification and regimes
Category
Stream Temperature (°C)
Number of Reaches
Max'
7-day Max'
1991
1992
Lethal (LT)
>24.5
>26
29
18
Sub-lethal 3 (SLT3)
22 - 26
20.5 - 24.5
15
26
Sub-lethal 2 (SLT2)
19 - 22
5
17.5 - 20.5
7
Sub-lethal I (SLT I)
16 - 19
14.5 - 17.5
2
No impairment (NTI)
<16
<14.5
' Highest maximum daily stream temperature
2Highest average of seven consecutive maximum daily stream temperatures
The high stream temperatures appear to be primarily due to a lack of adequate riparian shading
due to road building, livestock grazing, etc. Chen performed HSPF/SHADE model simulations to
evaluate the effect of three hypothetical riparian vegetation buffers on stream temperatures. The
buffer types evaluated had widths of 100 feet and ranged in height from 33 to 100 feet. The
simulations were performed using 1992 meterological conditions. Table 2 shows the number of
reaches which the model indicated would fall into each temperature category for each buffer type if
the buffers were applied to all streams in the watershed, as well as the means of calculated
temperatures in all reaches.
Table 2 - Stream temperature reductions calculated for several ri p arian buffers
Stream temperature (°C)
Number of Reaches in Each Category
Scenario
Max
7-day Max
LT
SLT3
SLT2
SLT1
NTI
1992 buffer
25.14
22.87
18
26
7
conditions
33 ft tall
22.95
20.60
25
19
6
1
buffer
66 ft. tall
18.88
17.23
3
16
32
buffer
100 ft. tall
16.25
5
14.97
2
44
buffer
As shown, the model calculates that a 100 ft. wide buffer of 33 ft. height would allow 7 of the 51
stream reaches to meet the 17.8°C standard, while a 100 ft. wide buffer of 100 ft. height would
allow nearly all the reaches to meet the standard.
Conclusions

The U.S. EPA model of the Upper Grande Ronde subdivision demonstrates that the use of
vegetative buffers in the Grande Ronde Basin could result in substantial reductions in stream
temperatures in the system. Over time, as vegetative buffers grew to maturity, temperatures in
nearly all of the system could be returned to levels acceptable for healthly salmonid populations.
While such extensive vegetative buffers may not be feasible in all of the s ystem, the model should
provide a useful tool for designing and implementing a cost-effective temperature mitigation
program.
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P.O. Box 91000
811 SW Sixth
Coos Cty Courthouse
P.O. Box 670
Cottage Grove
Strand Ag
Speaker
580 NW Witham Dr.
Wtr Res. Resrch St. Ag. 201
555 Liberty St. SE
City of Salem
Unified Sewerage 155 N. 1st Ave. Suite 270
Speaker
OSU
Students
UofO Law
1080 SW Baseline
WCSWCD

Scott
Norman
Linda
Dara
Liz
Richard
Ken
Robert
Mike
John
Amy
Bryan
Thayne
Thayne
Elissa
Patricia
Paul
Lauren
Jennifer
Stephanie
Rand

Curry
Daft
Davies
Decker
Dent
Dick
Diebel
Doneker
Downs
Drolet
Drought
Ducker
Dutson
Dutson
Easley
Easley
Eckley
Elmore
Field
Fiereck
Fisher

State Hlth Div.
Jn Cty Wtr Res.
UofO Law
City of La Grande
Dept. Forestry
OSU
Union SWCD
OGI-ESE
DEQ
Watermaster
City of La Grande
Public Works
Ag Exp. Stat.
OSU

Charles

Flower

Flower & Andreotti Ste. 1, 303 E. "D" Street

Robert
Jenny
Jon
Clifford
Duncan
Debra
John
James
Mike

Gantenbein, PE
Gardner
Gasick
Gee
Gilroy
Gorman
Graham
Green
Green

Talbot Assoc. Inc.
U of 0
DEQ
Georgia Pacific
Public Health
Unified Sewerage

James
Stanley V.
Steve

Greenman
Gregory
Griffith

OSU
City of Albany
Haner Ross
Sporseen Inc.
F&W - OSU
USDA-ARS

Grants Pass
Eugene
La Grande
Salem

OR
OR
OR
OR

97526
97403
97850
97310

La Grande
PDX
Portland
Coquille
La Grande
Cottage Grove
Corvallis

OR
OR
OR
OR
OR
OR
OR

97850
97291
97204
97423
97850
97424
97331

Corvallis
Corvallis
Salem
Hillsboro

OR
OR
OR
OR

97330
97331
97301
97124

Eugene
Hillsboro

OR
OR

97403
97123

Yakima

WA

98901

7 SE 97th Ave.
Geography Students
201 W. Main #2D
West
Toxicologist
155 N. First St. Ste. 270
751 S. Clay St.
Speaker
P.O. Box 490

Portland
Eugene
Medford
Philomath

OR
OR
OR
OR

97216

Hillsboro
Dallas

OR
OR

97123
97338

Albany

OR

97321

15 SE 82nd Dr. Suite 201
Speaker

Gladstone

OR

97027

Corvallis

OR

97331

97501
97370

&
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Wetland
Spec.
Inc.
OSU
OSU Exp. Stat.
USDA-NRCS
Water for Life

132 E. Broadway St.536
Speaker
Klamath Falls Station
HWY 99 E
P.O. Box 12248

Pacific Analy. Lab
NCASI
US
Geology
Survey
EHS Oregon

B.Jennifer
Anna
Ron
Jim
Todd

Guard
Harding
Hathaway
Hecker
Heidgerken

Chris
George

Holmes-Baker
Ice

Mary
Ken

Janet
Kaufmann

John
John
Willy

Kennedy
City of McMinnville
Kennedy
Wtr Recl. Fac.
Kerschbaumsteiner Univ. of Idaho
Suislaw
Kinney
Soil/Water
Koenig
City of Eugene
LaPlante
Student
Todd/Liberty
&
Liberty
Assoc.
Lindberg
DEQ
Livesay
Benton Cty
Manga
U of 0
Lane Cty Public
Marko
Works
Marsh
DEQ
Marshall
L/W Env. Serv.
Marxer
DEQ
Mayer
US F/W
McDowell
U of 0
Mecklom
OSU
Meierhenry
NRCS
Mellbye
OSU
Miller
AmeriCorp
Moore
Capital Press

Ray
Ruth
Tim
David L.
Bobbi
Maggie
Michael
Emery
Langdon
Tim
Larry
Tim
Pat
Robin
Diane
Mark
Steve
Tam

Eugene

OR

97401

Klamath Falls
Tangent
Salem

OR
OR
OR

97603
97389
97309

946 NW Circle Blvd. #148 Corvallis
P.O. Box 458
Corvallis
10615 SE Cherry Blossom
Dr.
Portland
Health Division

OR
OR

97330
97339

OR

97216

230 NE 2nd St.
3500 Clearwater Dr.
Forestry Dept.

McMinnville
McMinnville
Moscow

OR
OR
ID

97128
97128
83844

Conserv. District
1820 Roosevelt Blvd.
3830-A NE Lancaster St.

Florence
Eugene
Corvallis

OR
OR
OR

97439
97402
97330

26824 Pickens Rd.
811 SW Sixth
1849 NW 9th
Geol. Sciences

Eugene
Portland
Corvallis
Eugene

OR
OR
OR
OR

97402
97204
97302
97403

3040 Delta Hwy
Speaker
132 E. Broadway #516
1712 SW 11th Ave.
911 NE 11th Ave.

Eugene

OR

97408

Eugene
Portland
Portland

OR
OR
OR

97401
97216
97232

Facilities Services
33935 HWY 99E
Box 765
U of 0
186 White Oak Dr.

Corvallis
Tangent
Albany
Monument
Medford

OR
OR
OR
OR
OR

97331
97389
97321
97864
97504
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10615
Blossom

S.E.

Cherry
Portland

OR

97216

Albany
Central Point
Portland

OR
OR
OR

97321
97502
97204

CA
OR
OR
OR
OR
OR

94612
97330
97331
97504
97331
97477

OR

97310

OR

97141

OR
OR
OR
OR

97301
97204
97310
97201

OR
CA
OR
OR

97208
96037
97401
97331

OR

97301

OR

97814

OR

97216

OR

97365

Jennifer
Pat
John
Charles
William
Terry

Morace
Moran
Morgan
Moses
Meyers
Nelson

U.S. Geological
Student
Comm. Dev.
OSU Student
Rogue Valley
NRCS

James
James
Daniel
Mike
Jeffrey S.
John
Chris
William

Nusrala Jr.
Nusrala Sr.
Oros
Osterman
Owen
Owens
Park
Parks

Sherri

Pearl

Dave
Paul
Marc
Greg

Pederson
Pedone
Peters
Pettit

Michael
Jay
Pamela
S. Navaid

Posovich
Power
Pulliam
Raja

Beth

Read

Pat

Reay

Frank
Paul
George
Bill

Rinella
Risser
Robison
Rogers

Oakland
Water Cntrl Board 2101 Webster St. Ste100
Corvallis
1515 NW Worden Crcle
Corvallis
Oceanography
Student
Medford
2231 Spring Street
Corvallis
USDA-ARS
Springfield
ESP Cty of Spfld 225 Fifth St.
Speaker
US Forest Serv.
Salem
775 Summer St. NE
Tillamook Cty Soil
Tillamook
6415 Signal St.
Water
OR Dept. of Ag 200 Hawthorne Ave. SE
Salem
Suite A-130
Lab. Services
Portland
101 SW Main Ste 1300
NRCS
Salem
635 Capital St.
OR. Dept. Ag.
Portland
1712 SW 11th Ave.
DEQ
Army Corps of
Portland
333 SW 1st.
Engr.
Greenview
P.O. Box 202
Eugene
858 Pearl St.
City of Eugene
Corvallis
OSU
BRE
OR Dept. of Ag 200 Hawthorne Ave. SE
Salem
Suite A-130
Lab. Services
City
Baker
Baker City
Planning Comm. 1995 3rd St. Room160
10615
SE
Cherry
Blossom
Geology
US
Portland
Dr.
Survey
President
OSU
Dept. of Forestry Speaker
Newport
29 S.E. 2nd
Lincoln City

949 5th Ave. SW
Box 3275
101 SW Main Ste 1300
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James A. Vomocil
Water Quality Conference
Registration Sheet
Farid
Elvira
John
Mark

Safdari
Schnechtel
Schwartz
Shaw

Signe
Ken

Shepherd
Shindledecker

Lynne

Shumway

Ron
Debra
Dan
Steve
Andrew
George
Allen

Smith
Sturdevant
Sullivan
Sundseth
Talabere
Taylor
Throop

Teena M.
Dennis

Tibbs
Todd

Mark
Andy
Erica
Scott
Wendy
Therese
Jenny
Peter
Benno
Mike
Ela
Parker J.
Karen
Kenneth
Michael

Uhrich
Ullrich
Van Ess
Waichler
Waichler
Walch
Walsh
Wampler
Warkentin
Wells
Whelan
Wiggington
Williams
Williamson
Wolf

Kurahashi
&
Assoc
OIT
HGEInc. Engr.
Bonneville Power
OR Dept. of Ag
Lab. Services
S. Eugene High
Baker
City
Planning Comm.

12600 S.W. 72nd Ave.
Suite 100
Tigard
3201 Campus Dr.
Klamath Falls
375 Park Ave.
Coos Bay
P.O. Box 3621
Portland
200 Hawthorne Ave. SE
Suite A-130
Salem
400 E. 19th
Eugene
1995 3rd St. Room160

Benton Cty En. H.
DEQ
OSU
Public Works
ODFW
OSU
OR Dept. Geol.
Eastern Or. Ag.
Res.

530 NW 27th
Speaker
Speaker
Speaker
28655 HWY 34
Speaker
1536 SE Queen St.

USGS
DEQ
OSU
Student
Student
City of Eugene
Dept. Forestry
Dept. Geology
OSU
Lane Cty Ext.
Cl. Cty Dept. UtI.
USEPA
Agra Earth Env.
OSU
OR Dept. Ag.

OR
OR
OR
OR

97223
97601
97420
97208

OR
OR

97301
97401

Baker City

OR

97819

Corvallis

OR

97330

Corvallis

OR

97333

Albany

OR

97321

OR
OR

97883
97405

OR
OR

97216
97501

Eugene
Salem
Albany
Corvallis
Eugene
Oregon City
Corvallis
Portland

OR
OR
OR
OR
OR
OR
OR
OR

97402
97310
97321
97331
97402
97045
97333
97223

Salem

OR

97310

Union
84550 Laughlin Rd.
Eugene
10615 SE Cherry Blossom
Dr.
Portland
201 W Main #2D
Medford
Speaker
BRE

2600 State St.
1536 Queen Ave. SE
ALS3059
950 W. 13th Ave.
1678 S Beavercreek Rd.
200 SW 35th St.
1477 SW Tech Dr. Cntr
Speaker
635 Capital St.

1996
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Registration Sheet
Mitch

Wolgamott

Tammy
Don

Wood
Young

DEQ
Geology
US
Survey
Wtr Recl. Fac.

Portland
2146 NE 4th St.
10615 SE Cherry Blossom
Portland
Dr.
McMinnville
3500 Clearwater Dr.

OR

97204

OR
OR

97216
97128
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