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Foreword

The Seventh Annual James A. Vomocil Water Quality Conference was planned after
three topics had been selected as being of particular interest. Wetlands, Best
Management Practices, and Riparian Zone Effectiveness were the topics. Speakers were
invited who by virtue of their training, their experience, or their work assignment had
insights worth sharing. This document is a collection of those presentations. In
assembling the document, author submissions have been reproduced as submitted. You
are invited to contact the presenters if you have particular questions.

The wetlands section of the conference featured both the theoretical and the more
practical aspects of both natural and constructed wetlands. Oregon's past has been
described as an adventure in escaping wetlands. As a matter of fact, some claim the first
industry of the Willamette Valley was the manufacture of clay tile to drain the swampy
bottomland so people could begin to farm the area. Whether this is true or not, much of
the natural wetland of the State has been destroyed in our taming of the landscape. It is
common knowledge that wetlands were contributing to both the quantity and the quality
of summertime stream flow. The speakers discussed our current state of knowledge and
recounted their experiences with regard to wetlands.

Best management practices (BMPs) are being prescribed for a variety of agricultural and
forestry activities. These BMPs are based largely on our accumulated knowledge over the
past 80 years. Only now are we gaining the specific data to establish the overall water
quality impact of installing appropriate sets of BMPs on a watershed basis. One of the
goals of this component of the program was to identify those areas in which we can
specify BMP performance and those where we have little or no data to support their
construction.

Riparian zones are those lands along the stream bank that have immediate interaction
with the water in the stream. As scientists and regulators become better informed about
natural processes, it becomes increasingly apparent that stream quality is highly
dependent upon the status of the riparian area. Vegetation growing in the riparian zone
tends to filter out the bacteria and other particulates from runoff before it can enter a
stream. That same vegetation uses nutrients that otherwise would enter the stream. Shade
from streamside vegetation also tends to reduce the direct solar radiation striking the
water, thereby reducing the maximum stream temperatures.

The luncheon keynote speaker was Fred Otley, a fourth-generation rancher from
Diamond, OR. Mr. Otley currently serves as president of the Oregon Cattlemen's
Association and is active in a number of organizations devoted to improving the
management of high desert and forested grazing lands. He uses his undergraduate
training in rangeland resources and in agricultural and resource economics to cooperate
with the scientific community and to work within the political process to improve
watershed and environmental management.



TREATING DAIRY FLUSH WATER IN A
CONSTRUCTED WETLAND

S.F. Niswander, J.A. Moore, M.J. Gamroth, and S.M. Skarda

Dept. of Bioresource Engineering
Oregon State University

Corvallis, OR 97331-3906

ABSTRACT

Six parallel wetland cells, each 5.5 m x 26.7 m, were constructed in western Oregon.
These wetlands were constructed in 1992, and began receiving wastewater from a flush
dairy operation in the fall of 1993. The six cells were planted with either Thypha latifolia
or Scirpus acutus.

The wetlands were all loaded at a hydraulic loading rate of 3.94 cm/day, which resulted in
a 7.7 day retention time. The mass loading of biochemical oxygen demand and chemical
oxygen demand averaged 193 and 588 kg/ha-day, respectively. Samples of the influent
and effluent were collected from all wetland cells twice a month. The samples were
analyzed for fourteen water quality parameters. Average removal rates for these
parameters were: chemical oxygen demand 58%; biochemical oxygen demand 66%; total
solids 52%; total suspended solids 67%; total phosphorus 63%; orthophosphorous 61%;
total Kjeldahl nitrogen 55%; ammonia 55%; nitrate 72%; fecal coliforms 93%; and
dissolved oxygen 96%. The inlet pH, conductivity, and temperature averaged 7.38, 1,405
umho/cm, and 9.9 °C, respectively. The outlet pH, conductivity, temperature averaged
6.75, 944 umho/cm, and 7.7 °C, respectively.

The wetland cells appeared to be oxygen limited at this "high" loading rate. Higher
percentage removal might be expected if the cells were supplemented with oxygen or
loaded at a lower rate which does not deplete all of the oxygen.

INTRODUCTION

The use of constructed wetlands is a relatively new treatment technology with most of the
research results coming from the treatment of domestic wastewater. Research results
from early work in England and most recently the United States, indicate this new
technology offers promise. In the last several years wetlands have been installed and are
treating a wide variety of effluents, including wastewaters from pulp mills, sugar
refineries, acid mine drainage, food processing, storm water runoff, and more recently
livestock wastewaters. Last year, Purdue University sponsored a conference dedicated to
"Constructed Wetlands for Animal Waste Management" (DuBowy and Reaves, 1994).
There were 18 papers presented at this conference. Several of these reports discussed the
research projects that are underway or currently under construction. There were very few
mature systems reported on at this time and only recently have data from the treatment of
livestock systems been seen in the literature.
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Most of the recent work has been reported on free water surface system. Some of the
earlier work looked at subsurface flow units. Research in Australia showed that effluent
from an abattoir processing poultry and piggery effluent treated in a gravel based wetland
system removed nutrients and suspended solids (Finalyson et al., 1990). The study also
showed the addition of plants to the system improved the performance. In another study,
dairy wastewater was routed into a large natural, 6.4 ha, wetland that removed over
99.9% of the biochemical oxygen demand (BOD) (Costello, 1989). A non-typical
wetland treatment system using an aquaculture component with an integrated constructed
wetland achieved 75% BOD removal when treating swine waste (Maddox and Kingsley,
1989).

Agricultural wastewaters typically have a high BOD, which consumes most of the
available oxygen. Wetlands treating agricultural wastewaters are therefore generally
oxygen limited. Gray et al. (1990) reported insufficient oxygen transfer in reed bed
systems treating agricultural effluents. This problem was partially solved by installing a
down flow unit upstream of the wetland cell that transferred additional oxygen and
allowed the system to handle effluents of up to 3000 mg/1 BOD.

For the interested reader, more detailed information is available in two recent
proceedings: "Constructed Wetlands for Water Quality Improvements," edited by G.A.
Moshiri, 1993, and the "Proceedings of the 4th International Conference on Wetland
Systems for Water Pollution Control," held in Guangzhou, China in November, 1994.
Both proceedings report results from numerous experiments. In these volumes, and
others, one can find wetlands treating a wide range of effluents at different strengths.
One can find reports that show removals of 35 to 99% of most waster quality parameters.
However, many of the studies cannot be compared because different reporting formats are
used. For example, a report of 95% removal of BOD usually does not include any
information about the flow rates of hydraulic characteristics of the experiment. Without
information that allows determination of the flow rate, detention time and or hydraulic
and organic loading rate, the "black box" value of 95% removal is of limited value. In
order to allow readers of these reports and papers to understand, compare, and utilize this
vast data set, we need to improve and standardize our reporting methods. Only with a
complete understanding of the true organic and hydraulic loading can we begin to develop
design criteria and standards for livestock wastes or any effluent that varies greatly in its
characteristics.

As mentioned above there are many ways that constructed wetlands can be operated. One
goal might to be reach some desired outlet concentration, which is common for
wastewaters that are to be discharged to a receiving water body. Another goal might be to
use the wetland for maximum mass removal with no concern for the outlet concentration.
In Oregon, dairies and other confined animal feeding operations (CAFO's) are not
allowed to discharge wastewaters to receiving waters. This means that any wastewater
treated in a wetland must be recycled and cannot be discharged. Therefore, we chose to
operate the constructed wetlands for mass removal and see how they would perform at a
"high" loading rate. The specific goal of this study was to determine the treatment
capabilities of constructed wetlands loaded with "high" strength wastewater from a
recycled flush collection dairy.
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SITE DESCRIPTION AND METHODS

On the Oregon State University campus the Animal Sciences Department operates a
working dairy with 140 mature milking cows and accompanying complement of young
stock and calves. The manure at the dairy is flushed from the free stall alleys twice a day
into a collection sump. A pump lifts the liquid to an elevated sloping stationary screen
that separates the larger solids from the liquid stream. The solids fall to a concrete slab
for storage, while the liquid fraction is directed to an above ground storage tank. On
demand a pump transfers liquid from this storage unit to flush tanks at the head end of
each free stall alley for the next flush cycle.

Next to the large storage tank is a second smaller tank (57,000 1) used for loading the
wetland cells. Concentrated wastewater from the primary dairy storage tank is added to
the smaller wetland tank once a week. Each day 22,700 1 (6,000 gal) of mixed
wastewater is then pumped from this unit equally into six wetland cells (Figure 1). After
the wastewater flows through the wetland cells, it overflows into a collection drain that
routes all the effluent to a collection pond (#10 in Figure 1) which holds approximately
170m3 (6,000 ft3). A 5 Hp pump recycles 20,800 1 (5,500 gal) of liquid from pond #10
back to the smaller storage tank daily.

The wetland cells are constructed in an area with Amity silty clay and Bashaw clay loam
soils. Soil depth averages 60 cm throughout the site. Soil profiles show a poorly drained
mottle clay layer at 60 cm. Cell bottoms are just above the surface of this clay layer,
except for the center sections of cells 4 and 9, where the deep sections enter about 60 cm
of the clay layer. Topsoil was not used in the bottom of cells as the Amity and Bashaw
soils were adequate for wetland plant establishment. Bottoms of cells are compacted
Bashaw clay with an estimated hydraulic conductivity of less than 1 x le m/sec. The
above ground and above water level berms are compacted Amity soil with a conductivity
of 1 x 10-6 m/sec, which is within the recommended conductivity for wetland systems
(US EPA 1988). Observation wells are located on the north, west, and south sides of the
site. Samples from the observation wells are periodically analyzed for nitrate and
conductivity to determine if solubles are moving from cells into the surrounding soil.

Each wetland cell is 26.7 m (88') long, 5.5 m (18') wide, and 0.3 m (1') deep. Cell 4 and
9 have a deep (1 m) center section while the others have a flat bottom, sloping 0.5%
toward the outlet (Fig. 1). Two treatment cells were planted with cattail (Typha latifolia)
and four, including the two with deep centers, were planted with hardstem bulrush
(Scirpus acutus) in 1992. Nursery rhizome stock was planted in a 1.0 x 0.6 m pattern.
After the plants were established and the ponds filled, nutria (Myocastor coypus)
destroyed most of the plants. A welded wire fence and electric fence wire were
constructed around the test site to limit nutria access. The ponds were then replanted in
the spring of 1993. There has been no noticeable damage from nutria since the
installation of the fence. By the fall of 1993, open areas on the pond were covered by a
mix of duckweed (Spirodela spp., Lemna spp., Wolfia spp.) and water fern (Azolla
carolinianis). There was also the expansion of grass from the waters edge out into the
ponds.



The wetland cells began receiving dairy wastewater in October of 1993. Samples of the
influent and effluent were collected from all wetland cells twice a month. Analyses of
fourteen water quality parameters were conducted. These included chemical oxygen
demand, biochemical oxygen demand, total solids, total suspended solids, total
phosphorus, orthophosphorous, total Kjeldahl nitrogen, ammonia, nitrate, fecal coliforms,
pH, conductivity, dissolved oxygen, and temperature.

RESULTS & DISCUSSION

As mentioned above the specific goal of this study was to determine the treatment
capabilities of constructed wetlands loaded with "high" strength wastewater from a
recycled flush collection dairy. The six wetland cells were loaded at a high rate from
10/22/93 to 4/20/94 and the results discussed below are for that period.

Chemical Oxygen Demand

The chemical oxygen demand values are shown in Table 1. All six cells have identical
hydraulic loading rates that provide a detention time of 7.7 days. The removals range
from 53 to 65%, with five of the cells grouped between 53 and 59%. This translates to a
mass treatment of 292-362 kg/ha-d (263-323 lbs/ac-d). While the percentage removal
rate is lower than some reported values the mass removal is high.

Biochemical Oxygen Demand

As expected, the BOD removals follow the same pattern as in the COD data (Table 1 &
2). There is a slightly wider spread between cells 7 and 8 providing only 59 and 60%
removal and cells 4 and 5 which are removing 71 and 72% of the five day BOD. While
the difference is not large it might represent the influence of plants. In an earlier study
(Moore et al., 1994) it was noted that plant species can influence the treatment of BOD
and solids.

Total Solids

In reviewing the total solids data, pond 8 stands out as being different from the rest by
providing the poorest treatment (43%), while the other 5 cells are grouped between 51%
and 56% removal (Table 3). A review of the complete data set did not show any suspect
points that might be in error. One might expect a higher removal for solids in the 7.7 day
detention time. However, this wastewater has been pretreated by passing over a
stationary screen to remove the large particles. Even though the influent still has a
concentration of over 1,400 mg/1 of TS, individual settling tests show these are not
removed quickly by settling. This may mean the particle size of the wastewater is small
and the retention time may not be long enough for their removal. This may explain the
lower than expected removal rates.

An inspection of the cells found a 7.5 to 15 cm (3 to 6 inch) sludge buildup of solids near
the inlet. This suggests that long term problems may result from solids accumulation.
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Pretreatment using both a screen and lagoon would provide an effluent better suited to
treatment in a wetland.

Total Suspended Solids

Total suspended solids (TSS) followed a pattern similar to the total solids data (Table 4).
Again pond 8 was considerably less effective at removing solids (50.3% removal).
Overall the removal of TSS (71%) was better than total solids (52%). The mass treatment
ranged from 64 to 99 kg/ha-day with 5 of the 6 ponds ranging from 85 to 99 kg/ha-day.

Total Phosphorus

Cells 4, 5, and 9 provide 67 to 69% removal, while cell 8 removes only 54% (Table 5). It
has been shown that wetlands can become phosphorous saturated relatively quickly and
one needs to look at long term storage and removal mechanisms (Richardson and Craft,
1993). All cells are currently removing about 4 kg/ha-d of phosphorus. In a sensitive
watershed this removal could be important. However the reader is cautioned, that this is
a short term data set and should not be used to project long term removals.

Orthophosphorous

Samples were analyzed for orthophosphorus on eight dates between 10/22/95 and 1/17/94.
Even with this limited data set, the pattern of removal is similar to the total phosphorus
data (Table 6). All cells removed between 60 and 70% of the orthophosphates except for
pond 8, which removed only 47%. Again one should be cautious in using this data for
longer time periods because of the small data set and short collection period.

Total Kjeldahl Nitrogen

The treatment of total Kjeldahl nitrogen (TKN) is similar to that of phosphorous. The
poorest treatment occurs in cell 8 which removes 45%, while cells 4 and 9 had the highest
removal, 60% of organic nitrogen (Table 7). This removal rate translates into 19 to 25
kg/ha-d (7-22 lb/ac-d) of TKN. This spread is not significantly different with the size of
our data set. Again, other than plant differences, no other variables could be identified
which might explain this difference. This data indicates that wetland treatment can
provide a nitrogen removal mechanism that reduces the potential non-point source threat
of land spread effluent.

Ammonia Nitrogen

The removal of ammonia nitrogen is almost identical to TKN (Table 8). Again pond 8
has a lower rate but it is not statistically lower. The mass treatment ranged from 14 to 19
kg/ha-day. The average inlet concentration, 79.5 mg NH 3-N/1, is much higher than most
wetland systems are loaded. One concern at this high of a loading rate is toxicity to
plants. No damage to either the cattails or bulrush was observed. This is encouraging
and may indicate that bulrush and cattails are a good choice for treating agricultural
wastewater high in ammonia.
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Nitrate Nitrogen

The dairy flush water is held in the large above ground storage tank after being passed
over the solids separating screen. The high biochemical oxygen demand of the
wastewater quickly consumes any available oxygen and creates and anaerobic
environment. The process of nitrification (conversion of ammonia to nitrite to nitrate) is
carried out by aerobic bacteria. Because the tank is anaerobic this process is inhibited. In
addition, anaerobic bacteria can convert nitrate to nitrogen gas (denitrification), which
can be released to the atmosphere. Thus, the anaerobic conditions inhibit nitrification and
promote denitrification. It was expected that nitrate concentrations would be very low at
the inlet and even lower at the outlet of the wetland cells. Samples were analyzed for
nitrate on five sampling dates between 11/22/93 and 1/17/94. Table 9 is the average of
these sampling dates. The data show that the inlet and outlet concentrations are indeed

low, less the 0.20 mg NO 371. Removal rates were between 60 and 75%. This indicates
that the wetland ponds are also essentially anaerobic and that denitrification is exceeding
any nitrification that may be occurring.

Fecal Coliform

Fecal coliform removal rates (89-95%) are quite similar for the six wetland cells (Table
10). However, the removals still leave at least 39,000 colony forming units per 100 ml in
the effluent. This level of contamination can not be discharged to a stream, but it does
reduce the numbers that are spread in any land application operation. Seven days of
treatment in the wetland cells provided a significant improvement in quality and reduced
the threat of non-point source runoff. This might be important in areas with sensitive
waters, such as a shell fish producing estuary.

Dissolved Oxygen

Table 11 summarizes the dissolved oxygen data from each wetland cell. The inlet
dissolved oxygen concentration was 5 mg 02/1. As discussed above in the nitrate section,
the wastewater from the dairy storage tank is essentially anaerobic. However, in the
process of pumping the wastewater to the ponds it is aerated and the oxygen level is
greatly increased. This oxygen is quickly consumed in the process of breaking down the
organic matter. Dissolved oxygen was measured in a wetland cell along a transect from
inlet to outlet and it was found that the dissolved oxygen concentration was less than 1
mg 02/1 within a few meters of the inlet. The average outlet concentrations ranged from
0.10 to 0.39 mg 02/1. This low level of dissolved oxygen at the outlet indicates that the
wetland system is oxygen limited. If higher removal rates of nitrogen, chemical oxygen
demand, and biochemical oxygen demand are to be achieved the system must either be
supplemented with oxygen or loaded at a lower rate.

pH, Conductivity, and Temperature

Table 11 summarizes the pH, conductivity, and temperature data collected for each pond.
The inlet pH averaged 7.38 and the outlets ranged from 6.80 to 7.02. The inlet
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conductivity averaged 1,405 umho/cm. The outlet conductivity values ranged from 882
to 1,058 umho/cm with pond 8 having the highest conductivity. The inlet temperature
averaged 9.9°C and the outlet ranged from 7.3 to 8.2°C.

CONCLUSIONS

The shape of the wetland cells, deep center section, does not show any impact on
treatment efficiency of common water quality parameters. While the treatment provided
by plants will differ with species, the difference between mixed plant populations in
wetland cells appears to be similar. Wetland cells providing seven day detention time and
treating "high" strength flush water from a dairy can remove between and 70% of the
major water quality parameters and up to 93% of the fecal coliforms. The phosphorus
removal needs to be studied for a longer time to confirm long term removals. As reported
in other studies, the constructed wetlands at the Oregon State University dairy also
appeared to be oxygen limited. Future plans are to load the wetland system at a lower
loading rate, which does not deplete all of the oxygen. Loading rates will also be varied
to find the optimum retention time for achieving the lowest outlet concentration. This
information along with our current findings will allow us to make recommendations on
the optimum loading rates and retention times for achieving the maximum mass removal
and the lowest outlet concentrations.
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Table 1. 1994 Chemical Oxygen Demand (COD) (mg/I) and Physical Characteristics of Wetland Cells

Cell Description
Cell

Number
Average Flow
Us	 (ft3/sec)

Hydraulic
Loading

mm/d	 (in/d)

Detention
Time

(days)

Average
Concentration

(mg/I) Removal (%)
Mass Loading

kg/ha*d	 (Ib/ac*d)
Mass Treatment

kg/ha*d	 (Ib/ac*d)
InfluentInfluent --- --- --- --- --- 1405 --- --- --- --- - - -

Cattail Deep 4 0.067 0.002 39.4 1.55 7.7 486 65.4 554 494 362 323
Cattail 5 0.067 0.002 39.4 1.55 7.7 568 59.6 554 494 330 294
Bulrush 6 0.067 0.002 39.4 1.55 7.7 603 57.1 554 494 316 282
Cattail 7 0.067 0.002 39.4 1.55 7.7 610 56.6 554 494 313 280

Cattail Bulrush Mix 8 0.067 0.002 39.4 1.55 7.7 658 53.2 554 494 294 263
Bulrush Deep 9 0.067 0.002 39.4 1.55 7.7 578 58.9 554 494 326 291

Physical Characteristics of Wetland Cell

Parameter English Units Metric Units
Depth 1.0 ft 0.30 m
Length 87.6 ft 26.7 m
Width 18.0 ft 5.50 m
Area 1,581 ft2 147 m2

Volume 1,581 ft3 44.8 m3



Table 2. 1994 Biochemical Oxygen Demand (BOD 5) (mg/I)

Cell Description
Cell

Number
Average Flow
I/s	 (ft3/sec)

Hydraulic
Loading

mm/d	 (in/d)

Detention
Time
(days)

Average
Concentration

(mg/I)
'
Removal (%)

Mass Loading
kg/ha*d	 (Ib/ac*d)

Mass Treatment
kg/ha*d	 (Ib/ac*d)

InfluentInfluent --- --- --- --- --- 489 --- --- --- --- - - -
Cattail Deep 4 0.067 0.002 39.4 1.55 7.7 136 72.2 193 172 139 124

Cattail 5 0.067 0.002 39.4 1.55 7.7 144 70.6 193 172 136 121
Bulrush 6 0.067 0.002 39.4 1.55 7.7 173 64.6 193 172 125 111
Cattail 7 0.067 0.002 39.4 1.55 7.7 191 60.9 193 172 i 17 105

Cattail Bulrush Mix 8 0.067 0.002 39.4 1.55 7.7 200 59.1 193 172 114 102
Bulrush Deep 9 0.067 0.002 39.4 1.55 7.7 165 66.3 193 172 128 114

U.)



Table 3. 1994 Total Solids (mg/I)

Cell Description
Cell

Number
Average Flow
I/s	 (ft3/sec)

Hydraulic
Loading

mm/d	 (in/d)

Detention
Time

(days)

Average
Concentration

(mg/I) Removal (%)
Mass Loading

kg/ha*d	 (Ib/ac*d)
Mass Treatment

kg/ha*d	 (Ib/ac*d)

InfluentInfluent --- --- --- --- --- 1491 --- --- --- --- - - -
Cattail Deep 4 0.067 0.002 39.4 1.55 7.7 652 56.3 588 524 331 295

Cattail 5 0.067 0.002 39.4 1.55 7.7 701 53.0 588 524 311 278
Bulrush 6 0.067 0.002 39.4 1.55 7.7 721 51.6 588 524 304 271
Cattail 7 0.067 0.002 39.4 1.55 7.7 723 51.5 588 524 303 270

Cattail Bulrush Mix 8 0.067 0.002 39.4 1.55 7.7 838 43.8 588 524 257 230
Bulrush Deep 9 0.067 0.002 39.4 1.55 7.7 687 53.9 588 524 317 283



Table 4. 1994 Total Suspended Solids (mg/I)

Cell Description
Cell

Number
Average Flow
I/s	 (ft3/sec)

Hydraulic
Loading

mm/d	 (in/d)

Detention
Time
(days)

Average
Concentration

(mg/I) Removal (%)
Mass Loading

kg/ha*d	 (Ib/ac*d)
Mass Treatment

kg/ha*d	 (Ib/ac*d)

InfluentInfluent --- --- --- --- --- 322 --- --- --- --- - - -
Cattail Deep 4 0.067 0.002 39.4 1.55 7.7 71 78.0 127 113 99 88

Cattail 5 0.067 0.002 39.4 1.55 7.7 103 68.0 127 113 86 77
Bulrush 6 0.067 0.002 39.4 1.55 7.7 107 66.8 127 113 85 76
Cattail 7 0.067 0.002 39.4 1.55 7.7 93 71.1 127 113 90 81

Cattail Bulrush Mix 8 0.067 0.002 39.4 1.55 7.7 160 50.3 127 113 64 57
Bulrush Deep 9 0.067 0.002 39.4 1.55 7.7 95 70.5 127 113 89 80



Table 5. 1994 Total Phosphorus (mg/I)

Cell Description
Cell

Number
Average Flow
Vs	 (ft3/sec)

Hydraulic
Loading

mm/d	 (in/d)

Detention
Time

(days)

Average
Concentration

(mg/I) Removal (%)
Mass Loading

kg/ha*d	 (Ib/ac*d)
Mass Treatment

kg/ha*d	 (Ib/ac*d)
InfluentInfluent --- --- --- --- --- 16.3 --- --- --- --- - - -

Cattail Deep 4 0.067 0.002 39.4 1.55 7.7 5.4 66.9 6.4 5.7 4.3 3.8
Cattail 5 0.067 0.002 39.4 1.55 7.7 5.2 68.1 6.4 5.7 4.4 3.9
Bulrush 6 0.067 0,002 39.4 1.55 7.7 5.9 63.8 6.4 5.7 4.1 3.7
Cattail 7 0.067 0.002 39.4 1.55 7.7 6.9 57.7 6.4 5.7 3.7 3.3

Cattail Bulrush Mix 8 0.067 0.002 39.4 1.55 7.7 7.4 54.6 6.4 5.7 3.5 3.1
Bulrush Deep 9 0.067 0,002 39.4 1.55 7.7 5.0 69.3 6.4 5.7 4.5 4.0



Table 6. 1994 Ortho-Phosphorus (mg/I)

Cell Description
Cell

Number
Average Flow
Us	 (ft3/sec)

Hydraulic
Loading

mm/d	 (in/d)

Detention
Time

(days)

Average
Concentration

(mg/I) Removal (%)
Mass Loading

kg/ha*d	 (Ib/ac*d)
Mass Treatment

kg/ha*d	 (Ib/ac*d)

InfluentInfluent --- --- --- --- --- 4.86 --- --- --- --- - - -
Cattail Deep 4 0.067 0.002 39.4 1.55 7,7 1.73 64.4 1.9 1.7 1.2 1.1

Cattail 5 0.067 0.002 39.4 1.55 7.7 1.89 61.1 1.9 1.7 1.2 1.0
Bulrush 6 0.067 0.002 39.4 1.55 7.7 1.46 70.0 1.9 1.7 1.3 1.2
Cattail 7 0.067 0.002 39.4 1.55 7.7 1.88 61.3 1.9 1.7 1.2 1.0

Cattail Bulrush Mix 8 0.067 0.002 39.4 1.55 7.7 2.56 47.3 1.9 1.7 0.9 0.8
Bulrush Deep 9 0.067 0.002 39.4 1.55 7.7 1.92 60.5 1.9 1.7 1.2 1.0



Table 7. 1994 Total Kjedahl Nitrogen (TKN) (mg/I)

Cell Description
Cell

Number
Average Flow
Us	 (ft3/sec)

Hydraulic
Loading

mm/d	 (in/d)

Detention
Time
(days)

Average
Concentration

(mg/1) Removal (%)
Mass Loading

kg/ha*d	 (1b/ac*d)
Mass Treatment

kg/ha*d	 (1b/ac*d)

InfluentInfluent --- --- --- --- --- 106.5 --- --- --- --- - - -
Cattail Deep 4 0.067 0.002 39.4 1.55 7.7 42.9 I 	 59.7 42.0 37.5 25.1 ,22.4

Cattail 5 0.067 0.002 39.4 1.55 7.7 45.4 ,	 57.4 42.0 37.5 24.1 21.5
Bulrush 6 0.067 0.002 39.4 1.55 7.7 47.9 4	 55.0 42.0 37.5 23.1 20.6
Cattail 7 0.067 0.002 39.4 1.55 7.7 49.8 5	 53.2 42.0 37.5 22.4 19.9

Cattail Bulrush Mix 8 0.067 0.002 39.4 1.55 7.7 58.8 6> 44.8 42.0 37.5 18.8 16.8
Bulrush Deep 9 0.067 0.002 39.4 1.55 7.7 42.4 k	 60.2 42.0 37.5 25.3 22.5



Table 8. 1994 Ammonia Concentration (mg/I)

Cell Description
Cell

Number
Average Flow

Its (ft3/sec)

Hydraulic
Loading mm/d

(in/d)

Detention
Time

(days)

Average
Concentration

(mg/I) Removal (%)
Mass Loading

kg/ha*d (Ig/ac*d)
Mass Treatment
kg/ha*d (Ig/ac*d)

InfluentInfluent --- --- --- --- --- 79.5 --- --- --- --- - - -
Cattail Deep 4 0.067 0.002 39.4 1.55 7.7 31.6 / 60.3 31 28 19 17
Cattail/Grass 5 0.067 0.002 39.4 1.55 7.7 31.4 I. 60.5 31 28 19 17

Cattail/Bulrush/Grass 6 0.067 0.002 39.4 1.55 7.7 35.5 - 55.3 31 28 17 15
Grass (harvested) 7 0.067 0.002 39.4 1.55 7.7 38.4 , 51.7 31 28 16 14
Competition Pond 8 0.067 0.002 39.4 1.55 7.7 44.9 (,' 43.5 31 28 14 12

Bulrush Deep 9 0.067 0.002 39.4 1.55 7.7 31.9 ')	 59.9 31 28 19 17
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Table 9. 1994 Nitrate Concentration (mg/I)

Cell Description
Cell

Number
Average Flow

Ifs (ft3/sec)

Hydraulic
Loading mm/d

(in/d)

Detention
Time

(days)

Average
Concentration

(mg/I) Removal (%)
Mass Loading

kg/ha*d (Ig/ac*d)
Mass Treatment
kg/ha*d (Ig/ac*d)

InfluentInfluent --- --- --- --- --- 0.20 --- --- --- --- - - -
Cattail Deep 4 0.067 0.002 39.4 1.55 7.7 0.05 75.0 0.079 0.070 0.059 0.053
Cattail/Grass 5 0.067 0.002 39.4 1.55 7.7 0.05 75.0 0.079 0.070 0.059 0.053

Cattail/Bulrush/Grass 6 0.067 0.002 39.4 1.55 7.7 0.05 75.0 0.079 0.070 0.059 0.053
Grass (harvested) 7 0.067 0.002 39.4 1.55 7.7 0.05 75.0 0.079 0.070 0.059 0.053
Competition Pond 8 0.067 0.002 39.4 1.55 7.7 0.08 60.0 0.079 0.070 0.047 0.042

Bulrush Deep 9 0.067 0.002 39.4 1.55 7.7 0.06 70.0 0.079 0.070 0.055 0.049

0
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Table 10. 1994 Fecal Coliform Counts (CFU/100m1)

Cell Description
Cell

Number
Average Flow
1/s	 (ft3/sec)

Hydraulic
Loading

mm/d	 (in/d)

Detention
Time

(days)

Average
Concentration
(CFU/100mI)) Removal (%)

Influent Influent - - -	 - - - - - -	 - - - - - - 823,556 - - -
Cattail Deep 4 0.067	 0.002 39.4	 1.55 7.7 40,889 95.0

Cattail 5 0.067	 0.002 39.4	 1.55 7.7 55,888 93.2
Bulrush 6 0.067	 0.002 39.4	 1.55 7.7 39,825 95.2
Cattail 7 0.067	 0.002 39.4	 1.55 7.7 87,200 89.4

Cattail Bulrush Mix 8 0.067	 0.002 39.4	 1.55 7.7 81,229 90.1
Bulrush Deep 9 0.067	 0.002 39.4	 1.55 7.7 65,021 92.1
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Table 11. 1994 Dissolved Oxygen Concentration (mg/I)

Cell Description
Cell

Number
Average Flow

 1/s (ft3lsec)

Hydraulic
Loading mm/d

(in/d)

Detention
Time

(days)

Average
Concentration

(mg/1) Removal (%)
Mass Loading

kg/ha*d (1g/ac*d)
Mass Treatment
kg/ha*d (1g/ac*d)

InfluentInfluent --- --- --- --- --- 5.07 --- --- --- --- - - -
Cattail Deep 4 0.067 0.002 39.4 1.55 7.7 0.24 95.3 2.0 1.8 1.9 1.7
Cattail/Grass 5 0.067 0.002 39.4 1.55 7.7 0.20 96.1 2.0 1.8 1.9 1.7

Cattail/Bulrush/Grass 6 0.067 0.002 39.4 1.55 7.7 0.11 97.8 2.0 1.8 2.0 1.7
Grass (harvested) 7 0.067 0.002 39.4 1.55 7.7 0.39 92.3 2.0 1.8 1.8 1.6
Competition Pond 8 0.067 0.002 39.4 1.55 7.7 0.30 94.1 2.0 1.8 1.9 1.7

Bulrush Deep 9 0.067 0.002 39.4 1.55 7.7 0.10 98.0 2.0 1.8 2.0 1.7

11/26/95



Table 12. 1994 pH, Conductivity, and Temperature

Cell Description
Cell

Number
Average Flow
Us	 (ft3/sec)

Hydraulic
Loading

mm/d	 (in/d)

Detention
Time

(days) Average pH

Average
Conductivity
(umho/cm)

Average
Temperature

(°C)
Influent Influent - - -	 - - - - - -	 - - - - - - 7.38 1,405 9.9

Cattail Deep 4 0.067	 0.002 39.4	 1.55 7.7 7.02 882 7.7
Cattail 5 0.067	 0.002 39.4	 1.55 7.7 6.94 897 7.4
Bulrush 6 0.067	 0.002 39.4	 1.55 7.7 6.80 922 7.6
Cattail 7 0.067	 0.002 39.4	 1.55 7.7 6.89 935 8.2

Cattail Bulrush Mix 8 0.067	 0.002 39.4	 1.55 7.7 6.94 1,058 7.9
Bulrush Deep 9 0.067	 0.002 39.4	 1.55 7.7 6.95 967 7.3



Treatment of Pulp Mill Effluent with a Constructed Wetland
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ABSTRACT

Ten parallel wetland cells, each 21.9 m x 65.5 m, were constructed in western Oregon at
the Pope and Talbot Pulp Mill. Nine of the cells were planted with either Thypha
latifolia or Scirpus acutus and one was filled with 3 inch diameter rock. These wetlands
were constructed in 1991, and began receiving wastewater from the pulp mill in 1992.

The wetlands were loaded at hydraulic loading rate of approximately 4.5, 14, and 20
cm/day, which resulted in 2, 3, and 10 day retention times. The wetlands were loaded in
1992 with pulp mill wastewater, that had undergone 14 days of aerobic treatment. In
1993 the wetlands were loaded with wastewater, which had undergone only 7 days of
aerobic treatment. Samples of the influent and effluent were collected from all wetland
cells once a month. The samples were analyzed for biochemical oxygen demand (BOD),
total suspended solids (TSS) and color. The wetland cells were effective at removing
BOD and TSS but were not effective at removing color. At the higher loading rates in
1993 and 1994 the wetlands added color.

It was found that the bulrush ponds were better than the cattail ponds at removing BOD.
However, the difference was not statistically significant. There was a significant
difference in TSS removal by vegetation type with cattails producing statistically lower
TSS effluent concentration that bulrush. The rock pond was as good as any of the
wetland ponds at removing TSS and BOD, however, the rock pond showed signs of
plugging by the end of the study.

INTRODUCTION

Wetlands can act as sinks, sources, or transformers of nutrients, chemicals, and organic
matter. The ability of wetlands to act as sinks and transformers led to research on using
them as wastewater treatment systems. Early research on treating wastewater with
wetlands primarily involved treating secondarily treated domestic wastewater with natural
wetlands (Kadlec, 1979; Odum et al., 1977). It was soon recognized that the wetlands
were effective at treating this type of wastewater but the addition of wastewater to natural
wetlands changed their ecological structure. This led to the construction of wetlands for
the primary purpose of treating wastewater. There are three primary processes that occur
in wetlands that make them effective at wastewater treatment:

* Physical - water slows down, spreads out, and moves through the vegetation
and over the sediments which allows for settling and filtration;
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* Chemical - wastewater constituents encounter plant, sediment, microbial, and
oxidation-reduction zones where precipitation, adsorption, and chemical
reactions can occur;

* Biological - microbial and plant communities breakdown and utilize
wastewater constituents.

In addition to the many processes that occur in constructed wetlands, they are attractive
wastewater treatment systems because they generally have a low capital cost, are self
designing, require little maintenance, and have low operating costs. The success of both
natural and constructed wetlands at treating domestic wastewater led to their use for other
types of wastewater. Agricultural, industrial, storm, and nonpoint source wastewater
have all been treated in constructed wetlands (Moshiri, 1993; Hammer, 1989, ICWS' 94).
The results from these studies have had variable results and additional research is needed
in each of these areas to develop design and performance criteria.

One potential use of constructed wetlands is to treat pulp mill effluent. Few research
projects have been conducted on the use of wetlands to treat pulp mill wastewater. The
wastewater from pulp mills is generally high in biochemical oxygen demand, solids, and
color. This paper reports on the results from a pilot scale project treating pulp mill
wastewater.

METHODS

A wetland treatment system was constructed at the Pope and Talbot Pulp Mill located in
Halsey, Oregon. The wetlands were created in 1991 and became fully operational in
1992. The site consists of 9 free water surface wetland cells and one gravel bed cell.
Each wetland cell is 21.9 meters long, 65.5 meters wide, and 46 centimeters deep. The
wetlands have a 0.5% slope from inlet to outlet. All cells were lined with a compacted
clay liner. Figure 1 shows the general layout of the wetlands and the flow of the
wastewater. Eight of the ponds were either planted to monocultures of bulrush (Scirpus
acutus) or cattails (Typha latifolia), one pond was not vegetated, and one of the ponds
was filled with 3" or larger rocks. Table 1 summarizes the planting scheme, flow
characteristics, and media used in each of the ponds. In 1992 the wetlands received
effluent from the plant that had been treated for 14 days in aerobic lagoons. In 1993 and
1994 the wetlands received wastewater that had been treated for only 7 days.

RESULTS & DISCUSSION

Summarized information about the specific concentrations of biochemical oxygen
demand (BOD), total solids (TS), and color for 1992, 1993 and 1994 are attached (Tables
2-10). A review of the original data set showed some missing values for dates in 1993
and on into 1994. These missing data points come primarily from two sources. In 1993
there were several plant shut downs as new equipment was installed. When our sampling
schedule coincided with a plant shutdown or within 15 days after a shutdown, water
samples were not collected. Other missing data points were due to damage to the pond
walls from burrowing nutria. The cells with damage were drained to facilitate repair
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activities. Because of the missing data and plant alterations in 1993, comments and
comparisons will be primarily on the 1992 and 1994 data sets.

Looking at any of the tables you will notice a column titled Actual Detention Time. This
is generated by multiplying the theoretical detention time by the porosity corrected values
as reported by Darrin Stairs in his thesis on flow characteristics in a wetland cell. He
found porosities values at this site of 0.80 for planted systems, 0.43 for the rock cell, and
a 1.0 for the unplanted cell.

Biochemical Oxygen Demand

One of the important values to note in a review of the data set is the strength of the
influent into the wetland. In 1992 the average BOD strength of the influent was 20.4
mg/1 (Table 2). This increased in 1993 to 43 mg/1 and increased again in the 1994 data
set to over 113 mg/I (Table 3 & 4). The 1992 values were a true reflection of the BOD of
the effluent after fourteen days of aerobic treatment. This effluent is currently discharged
to the Willamette River. The values increased in 1993 because a new pipeline was
installed to load the wetlands with higher strength wastewater, which had undergone only
seven days of aerobic treatment. The last half of 1994 also had an increase in the strength
of the effluent BOD.

In 1992 all of the cells were loaded at a low rate. The rock pond (1) provides the greatest
removal despite having the lowest detention time (DT) at 2 days. This speaks to the
increased surface area and opportunity for biological film development and treatment. A
review of the data supports the conclusion that no additional benefit is seen by operating
at an extended (10 day) detention time. A review of the values from the two clean water
ponds (3 and 6) shows the addition of 1.5 to 2 mg/1 of BOD to the clean water unit from
the fallen and decaying plant material (Table 2). As the detention time increases, the
opportunity for add back of BOD from plant material will equal and then outweigh the
added biological treatment opportunity that additional time provides. Clearly the
treatment and reduction of BOD on effluent that has already experienced 14 days of
aeration and containing on the average 20 mg/1 of BOD, will not be significant (Table 2).
This is what prompted the addition of the new pipeline and introduction of the higher
strength effluent into the wetlands. With the increase in BOD strength of the influent into
the wetlands the percentage removal increased significantly. This trend is generally seen
in biological systems that experience an increase in loading.

In reviewing the 1994 mass BOD removal rates, the last column in table 4, we again see
the rock cell providing the best treatment. The rate of 92 lbs of BOD/acre-day is very
good. However, this removal has had a negative impact on the physical flow through the
cell. The solids that are generated in the conversion of soluble organics to cells and the
filtering and settling of the suspended solids that enter in the influent are plugging the
rock filter. There are significant areas in the rock cell that are now under water because
the flow must come up and flow over the top of the rocks to maintain the hydraulic flow
pattern. This was the major question we had when this cell was constructed and is a topic
for future study.
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The continued growth and senescence of vegetation have increased the BOD that is added
to the flow in the clean water cells (3 & 6). They have increased from the 1.5 and 2 mg/1
in 1992 to an average of 11.7 mg/1 in 1994 (Tables 2 & 4). This is significant when
compared with the treatment and removal from the theoretical 10 day DT ponds.
Reviewing the mass removal column on the far right, we can see the two clean water
ponds add about 5 pounds/ac-day, with a 10 day detention time. The 2 day DT cattail
ponds treating effluent remove about 66 lb/ac-day with a final concentration of 19.2 mg/1,
while the 10 day DT ponds remove 30 lb/ac-day with a final concentration of 18.4 mg/l.
This indicates that the added detention time does not provide additional treatment and it
reduces the mass treatment by almost 50%. One would expect that the added time should
provide additional BOD removal. One conclusion is that the longer detention time is not
an advantage for this system because the BOD added from the plant systems over
shadows the removal processes.

When the cattail and bulrush ponds were compared, it was found that the bulrush ponds
were better than the cattail ponds at removing BOD. However, the difference was not
statistically significant.

Total Suspended Solids

In reviewing the 1992 total suspended solids (TSS) summary the best performance was
obtained in the rock pond (Table 5). The worst performance was seen in the bulrush
ponds (4 & 9). Like the treatment of BOD, at this light loading rate, the 10 day DT did
not provide added treatment efficiency.

With the increase in wastewater strength (almost 5 time higher in 1994) the treatment
efficiency decreased, but only slightly. Surprisingly, the best performance was recorded
at just over 54 pounds/ac-day for the rock pond and both the 2 day DT cattail pond (Table
7). Again, the removal of solids in the bulrush ponds was considerably lower than the
cattail ponds. The longer 10 day DT should perform better than the 2 day DT, although
the difference observed was not significantly different. The TSS added by the clean water
pond in 1994 was 2 mg/I, about double from the 1992 data (Table 4 and 6).

A statistical comparison was made between the bulrush and cattail ponds. It was found
that cattails were statistically better at removing TSS than bulrush.

Color

In 1992 color removal through the wetland cells was very small and in some cases color
was added to the wastewater (Table 8). The 10 day DT cattail ponds provided the best
treatment at 4.4% removal. When the wastewater strength was increased in 1993 and
1994 all but one pond added significant amounts of color to the wastewater (Table 9 &
10). The addition of color was most likely from the decaying plant material, which had
accumulated in the ponds. The color in the wastewater is primarily from the lignin in the
wastewater, which is a by product of the pulp mill process. Lignin is difficult to
breakdown and when it is broken down some of the color is removed. Actinomycetes
and fungi are the primary microbes capable of lignin degradation and the wetland cells
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are probably not the ideal environments for these microbes. It appears that this wetland
system is not capable of color removal in it current state.

CONCLUSIONS

Constructed wetlands are able to improve the BOD and TSS of pulp mill effluent that has
undergone seven days of aerobic treatment. Removal of BOD occurs throughout most of
the year with the rock pond and bulrush ponds performing best. The bulrush ponds were
better than the cattail ponds at removing BOD. However, the difference was not
statistically significant.

TSS removal through the wetlands was excellent with the rock pond providing the best
performance. However, the rock pond showed signs of plugging after only three years of
operation. There was a significant difference in TSS removal by vegetation type with
cattails producing statistically lower TSS effluent concentration that bulrush.

Color removal was low at the lowest loading rate and color was added to the wastewater
at the higher loading rates. As the wetland plants and microbes decompose, they appear
to be adding color to wastewater. The wetlands in their current state are not adequate for
color removal.
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Figure 1. Site map of Pope and Talbot Constructed Wetlands.
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Table 1. Site description for Pope and Talbot Constructed Wetlands.

Pond
Number

Media/Plant
Type

Theoretical
Hydraulic Flow Rate

(ft3/min) Wastewater Type

Theoretical
Detention Time

(days)
1 Rock 8.1 Pulp Mill Effluent 2
2 Cattails 8.1 Pulp Mill Effluent 2
3 Cattails 1.6 Fresh Water 10
4 Bulrush 8.1 Pulp Mill Effluent 2
5 Cattails 1.6 Pulp Mill Effluent 10
6 Cattails 1.6 Fresh Water 10
7 Bulrush 8.1 Pulp Mill Effluent 2
8 Cattails 8.1 Pulp Mill Effluent 2
9 Bulrush 8.1 Pulp Mill Effluent 2
10 Cattails 1.6 Pulp Mill Effluent 10



Table 2. 1992 Biochemical Oxygen Demand Data Summary

Cell
Description

Cell
Number

Average Flow
(Vs)	 (ft3/sec)

Hydraulic
Loading

(mm/d) (in/d)

Theoretical
Detention

Time (days)

Actual
Detention

Time (days)

Average
Concentration

(mg/I)
Removal

(%)
Mass Loading

(kg/ha*d)	 (1b/ac*d)
Mass Treatment

(kg/ha*d)	 (Ib/ac*d)

InfluentInfluent --- --- --- --- --- --- 20.4 --- --- --- --- ---
1 d Rock 1 3.40 0.120 204.3 8.04 2.24 0.96 15.3 25.0 42 37 10.4 9.3

2 d Cattail 2 3.20 0.113 192.2 7.57 2.38 1.90 19.0 6.9 39 35 2.7 2.4

10 d Cattail H 20 3 0.76 0.027 45.7 1.80 10.01 8.01 1.5 - - - 0 0 -0.7 -0.6

2 d Bulrush 4 2.10 0.074 126.2 4.97 3.62 2.90 17.2 15,7 26 23 4.0 3.6
10 d Cattail 5 0.68 0.024 40.9 1.61 11.19 8.95 16.7 18.1 8 7 1.5 1.3

10 d Cattail H 20 6 0.76 0.027 45.7 1.80 10.01 8.01 2.1 - - - 0 0 -1.0 -0.9

2 d No Plants 7 2.30 0.081 138.2 5.44 3.31 3.31 16.1 21.1 28 25 5.9 5.3
2 d Cattail 8 3.70 0.131 222.3 8.75 2.06 1.65 19.3 5.4 45 40 2.4 2.2
2 d Bulrush 9 2.50 0.088 150.2 5.91 3.04 2.44 18.2 10.8 31 27 3.3 2.9
10 d Cattail 10 0.96 0.034 57.7 2.27 7.93 6.34 20.0 2.0 12 10 0.2 0.2



Table 3. 1993 Biochemical Oxygen Demand Data Summary

Cell
Description

Cell
Number

Average Flow
(Its)	 (ft3/sec)

Hydraulic
Loading

(mm/d) (in/d)

Theoretical
Detention

Time (days)

Actual
Detention

Time (days)

Average
Concentration

(mg/I)
Removal

(%)
Mass Loading

(kg/ha*d)	 (Ib/ac*d)
Mass Treatment

(kg/ha*d)	 (Ib/ac*d)
Influent Influent --- - - - - - - - - - - - - --- 43.0 --- --- --- --- ---

1 d Rock 1 3.40 0.120 204.3 8.04 2.24 0.96 25.4 40.9 88 78 36 32
2 d Cattail 2 3.20 0.113 192.2 7.57 2.38 1.90 40.1 6.7 83 74 6 5

10 d Cattail H20 3 0.76 0.027 45.7 1.80 10.01 8.01 2.7 - - - 0 0 -1 -1
2 d Bulrush 4 2.10 0.074 126.2 4.97 3.62 2.90 38.0 11.6 54 48 6 6
10 d Cattail 5 0.68 0.024 40.9 1.61 11.19 8.95 18.2 57.7 18 16 10 9

10 d Cattail H20 6 0.76 0.027 45.7 1.80 10.01 8.01 4.2 - - - 0 0 -2 -2
2 d No Plants 7 2.30 0.081 138.2 5.44 3.31 3.31 34.8 19.1 59 53 11 10

2 d Cattail 8 3.70 0.131 222.3 8.75 2.06 1.65 43.9 -2.1 96 85 -2 -2
2 d Bulrush 9 2.50 0.088 150.2 5.91 3.04 2.44 32.7 24.0 65 58 15 14
10 d Cattail 10 0.96 0.034 57.7 2.27 7.93 6.34 25.6 40.5 25 22 10 9



Table 4. 1994 Biochemical Oxygen Demand Data Summary

Cell
Description

Cell
Number

Average Flow
(Ifs)	 (ft3/sec)

Hydraulic
Loading

(mm/d) (in/d)

Theoretical
Detention

Time (days)

Actual
Detention

Time (days)

Average
Concentration

(mg/I)
Removal

(%)
Mass Loading

(kg/hed) (Ib/ac*d)
Mass Treatment

(kg/ha*d)	 (Ib/ac*d)

InfluentInfluent --- --- --- --- --- --- 114 --- --- --- --- ---
1 d Rock 1 3.40 0.120 204.3 8.04 2.24 0.96 63.4 44.4 233 208 103 92

2 d Cattail 2 3.20 0.113 192.2 7.57 2.38 1.90 78.1 31.5 219 196 69  62
10 d Cattail H20 3 0.76 0.027 45.7 1.80 10.01 8.01 11.3 - - - 0 0 -5 -5

2 d Bulrush 4 2.10 0.074 126.2 4.97 3.62 2.90 72.3 36.6 144 128 53 47
10 d Cattail 5 0.68 0.024 40.9 1.61 11.19 8.95 29.7 73.9 47 42 a4 31

10 d Cattail H 20 6 0.76 0.027 45.7 1.80 10.01 8.01 12.1 - - - 0 0 -6 -5
2 d No Plants 7 2.30 0.081 138.2 5.44 3.31 3.31 72.8 36.1 158 141 57 51

2 d Cattail 8 3.70 0.131 222.3 8.75 2.06 1.65 78.1 31.5 253 226 80 71
2 d Bulrush 9 2.50 0.088 150.2 5.91 3.04 2.44 66.2 41,9 171 153 72 64
10 d Cattail 10 0.96 0.034 57.7 2.27 7.93 6.34 56.3 50.6 66 59 33 30



Table 5. 1992 Total Suspended Solids Data Summary

Total Suspended Solids

Cell
Description

Cell
Number

Average Flow
(Us)	 (ft3/sec)

Hydraulic
Loading

(mm/d) (in/d)

Theoretical
Detention

Time (days)

Actual
Detention

Time (days)

Average
Concentration

(mg/I)
Removal

(%)
Mass Loading

(kg/hard) (Ib/ac*d)
Mass Treatment

(kg/ha*d)	 (Ib/ac*d)
InfluentInfluent --- --- --- --- --- --- 10.8 --- --- --- --- ---

1 d Rock 1 3.40 0.120 204.3 8.04 2.24 0.96 2.5 76.9 22 20 17.0 15.1
2 d Cattail 2 3.20 0.113 192.2 7.57 2.38 1.90 3.4 68.5 21 19 14.2 12.7

10 d Cattail H20 3 0.76 0.027 45.7 1.80 10.01 8.01 1.2 - - - 0 0 -0.5 -0.5
2 d Bulrush 4 2.10 0.074 126.2 4.97 3.62 2.90 8.4 22.2 14 12 3.0 2.7
10 d Cattail 5	 , 0.68 0.024 40.9 1.61 11.19 8.95 4.6 57.4 4 4 2.5 2.3

10 d Cattail H20 6 0.76 0.027 45.7 1.80 10.01 8.01 1.5 - - - 0 0 -0.7 -0.6
2 d No Plants 7 2.30 0.081 138.2 5.44 3.31 3.31 6.7 38.0 15 13 5.7 5.1

2 d Cattail 8 3.70 0.131 222.3 8.75 2.06 1.65 3.4 68.5 24 21 16.4 14.7
2 d Bulrush 9 2.50 0.088 150.2 5.91 3.04 2.44 8.0 25.9 16 14 4.2 3.8
10 d Cattail 10 0.96 0.034 57.7 2.27 7.93 6.34 3.5 67.6 6 6 4.2 3.8



Table 6. 1993 Total Suspended Solids Data Summary

Cell Cell Average Flow
Hydraulic
Loading

Theoretical
Detention

Actual
Detention

Average
Concentration Removal Mass Loading Mass Treatment

Description Number (I/s)	 (ft3/sec) (mm/d) (in/d) Time (days) Time (days) (mg/I) (%) (kg/ha*d)	 (Ib/ac*d) (kg/ha*d)	 (Ib/ac*d)

Influent Influent - - -	 - - - - - -	 - - - - - - --- 44.7 --- ---	 --- ---	 ---
1 d Rock 1 3.40	 0.120 204.3	 8.04 2.24 0.96 5.8 87.0 91	 81 79.5	 70.9

2 d Cattail 2 3.20	 0.113 192.2	 7.57 2.38 1.90 5.0 88.8 86	 77 76.3	 68.1

10 d Cattail H20 3 0.76.	 0.027 45.7	 1.80 10.01 8,01 6.9 - - - 0	 0 -3.2	 -2.8

2 d Bulrush 4 2.10	 0.074 126.2	 4.97 3.62 2.90 16.5 63.1 56	 50 35,6	 31.7

10 d Cattail 5 0.68	 0.024 40.9	 1.61 11.19 8.95 3.7 91.7 18	 16 16.7	 14.9

10 d Cattail H20 6 0.76	 0.027 45.7	 1.80 10.01 8.01 4.1 - - - 0 	 0 -1.9	 -1.7

2 d No Plants 7 2.30	 0.081 138.2	 5.44 3.31 3.31 21.1 52.8 62	 55 32.6	 29.1

2 d Cattail 8 3.70	 0.131 222.3	 8.75 2.06 1.65 7.1 84.1 99	 89 83.6	 74.6

2 d Bulrush 9 2.50	 0.088 150.2	 5.91 3.04 2.44 13.9 68.9 67	 60 46.3	 41.3

10 d Cattail 10 0.96	 0.034 57.7	 2.27 7.93 6.34 10.9 75.6 26	 23 19.5	 17.4



Table 7. 1994 Total Suspended Solids Data Summary

Cell
Description

Cell
Number

Average Flow
(Ifs)	 (ft3/sec)

Hydraulic
Loading

(mm/d) (in/d)

Theoretical
Detention

Time (days)

Actual
Detention

Time (days)

Average
Concentration

(mg/I)
Removal

(%)
Mass Loading

(kg/ha*d)	 (Ib/ac*d)
Mass Treatment

(kg/ha*d)	 (Ib/ac*d)
InfluentInfluent ---	 --- ---	 --- --- --- 49.9 --- 0	 --- ---	 ---

1 d Rock 1 3.40	 0.120 204.3	 8.04 2.24 0.96 19.9 60.1 102	 91 61.3	 54.7
2 d Cattail 2 3.20	 0.113 192.2	 7.57 2.38 1.90 18.0 63.9 96	 86 61.3	 54.7

10 d Cattail H20 3 0.76	 0.027 45.7	 1.80 10.01 8.01 6.7 0	 0 -3.1	 -2.7
2 d Bulrush 4 2.10	 0.074 126.2	 4.97 3.62 2.90 25.1 49.7 63	 56 31.3	 27.9
10 d Cattail 5 0.68	 0.024 40.9	 1.61 11.19 8,95 8.4 83.2 20	 18 17.0	 15.1

10 d Cattail H20 6 0.76	 0.027 45.7	 1.80 10.01 8.01 3.2 - - - 0	 0 -1.5	 -1.3
2 d No Plants 7 2.30	 0.081 138.2	 5.44 3.31 3.31 35.2 29.5 69	 62 20.3	 18.1

2 d Cattail 8 3.70	 0.131 222.3	 8.75 2.06 1.65 22.2 55.5 111	 99 61.6	 54.9
2 d Bulrush 9 2.50	 0.088 '150.2	 5.91 3.04 2.44 29.6 40.7 75	 67 30.5	 27.2
10 d Cattail 10 0.96	 0.034 57.7	 2.27 7.93 6.34 29.4 41.1 29	 26 11.8	 10.5



Table 8. 1992 Color Data Summary

Cell
Description

Cell
Number

Average Flow
(Ifs)	 (ft3/sec)

Hydraulic
Loading

(mm/d)	 (in/d)

Theoretical
Detention

Time (days)

Actual
Detention

Time (days)

Average
Concentration
(color units)

Removal
(%)

InfluentInfluent ---	 --- ---	 --- --- --- 3306 ---
1 d Rock 1 3.40	 0.120 204.3	 8.04 2.24 0.96 3325 -0.6

2 d Cattail 2 3.20	 0.113 192.2	 7.57 2.38 1.90 3235 2.1
10 d Cattail H20 3 0.76	 0.027 45.7	 1.80 10.01 8.01 19 - - -

2 d Bulrush 4 2.10	 0.074 126.2	 4.97 3.62 2.90 3252 1.6
10 d Cattail 5 0.68	 0.024 40.9	 1.61 11.19 8.95 3098 6.3

10 d Cattail H20 6 0.76	 0.027 45.7	 1.80 10.01 8.01 26 - - -
2 d No Plants 7 2.30	 0.081 138.2	 5.44 3.31 3.31 3233 2.2

2 d Cattail 8 3.70	 0.131 222.3	 8.75 2.06 1.65 3234 2.2
2 d Bulrush 9 2.50	 0.088 150.2	 5.91 3.04 2.44 3325 -0.6
10 d Cattail 10 0.96	 0.034 57.7	 2.27 7.93 6.34 3219 2.6



Table 9. 1993 Color Data Summary

Cell
Description

Cell
Number

Average Flow
(I/s)	 (ft3/sec)

Hydraulic
Loading

(mm/d)	 (in/d)

Theoretical
Detention

Time (days)

Actual
Detention

Time (days)

Average
Concentration
(color units)

Removal
(%)

Influent Influent ---	 --- -- -	 --- --- --- 2270 ---
1 d Rock 1 3.40	 0.120 204.3	 8.04 2.24 0.96 2796 -23.2

2 d Cattail 2 3.20	 0.113 192.2	 7.57 2.38 1.90 2993 -31.9
10 d Cattail H 20 3 0.76	 0.027 45.7	 1.80 10.01 8.01 61 - - -

2 d Bulrush 4 2.10	 0.074 126.2	 4.97 3.62 2.90 2956 -30.2
10 d Cattail 5 0.68	 0.024 40.9	 1.61 11.19 8.95 2579 -13.6

10 d Cattail H20 6 0.76	 0.027 45.7	 1.80 10.01 8.01 47 - - -
2 d No Plants 7 2.30	 0.081 138.2	 5.44 3.31 3.31 2991 -31.8

2 d Cattail 8 3.70	 0.131 222.3	 8.75 2.06 1.65 2990 -31.7
2 d Bulrush 9 2.50	 0.088 150.2	 5.91 3.04 2.44 2878 -26.8
10 d Cattail 10 0.96	 0.034 57.7	 2.27 7.93 6.34 2817 -24.1



Table 10. 1994 Color Data Summary

Cell
Description

Cell
Number

Average Flow
(Us)	 (ft3/sec)

Hydraulic
Loading

(mm/d) (in/d)

Theoretical
Detention

Time (days)

Actual
Detention

Time (days)

Average
Concentration
(color units)

Removal
(%)

Influent Influent - - -	 - - - - - -	 - - - - - - - - - 2341	 - - -
1 d Rock 1 3.40	 0.120 204.3	 8.04 2.24 0.96 2907 -24.1

2 d Cattail 2 3.20	 0.113 192.2	 7.57 2.38 1.90 3124 -33.4
10 d Cattail H20 3 0.76	 0.027 45.7	 1.80 10.01 8.01 91 - - -

2 d Bulrush 4 2.10	 0.074 126.2	 4.97 3.62 2.90 2691 -14.9
10 d Cattail 5 0.68	 0.024 40.9	 1.61 11.19 8.95 2175 7.1

10 d Cattail H20 6 0.76	 0.027 45.7	 1.80 10.01 8.01 61 - - -
2 d No Plants 7 2.30	 0.081 138.2	 5.44 3.31 3.31 2601 -11.1

2 d Cattail 8 3.70	 0.131 222.3	 8.75 2.06 1.65 2789 -19.1
2 d Bulrush 9 2.50	 0.088 150.2	 5.91 3.04 2.44 2593 -10.8
10 d Cattail 10 0.96	 0.034 57.7	 2.27 7.93 6.34 2527 -7.9



Best Management Practices for Peppermint Production

Alan R. Mitchell
Oregon State University

Central Oregon Agricultural Research Center
Madras, OR

One definition of a best management practice (BMP) is "A practice or
combination of practices that are determined by a state or designation areawide planning
agency to be the most effective and practicable...means of controlling point and non-
point pollutants at levels compatible with environmental quality goals." The approach we
have taken is different in that it does not involve committee. It consisted of
experimentation and measurements to determine the best ways to manage peppermint
production for minimal environmental impact.

Irrigation management was studied in several experiments during the last five
years (Mitchell, 1994a; Mitchell, light, and Farris, 1995). We found that, although
peppermint is sensitive to water stress, excess irrigatio can hurt yield. There may be a
tendency to overirrigate in May when the crop is not at full canopy, and again in late July
when the peppermint begins flowering and using less water. Crop water use and crop
coefficient curves were developed. Watermark sensors were found to work well for
scheduling irrigations in our loam soils when placed t a six-inch depth. Soil should be
irrigated when the soil water pressure is greater than 50 kPa.

Nitrogen (N) fertilizer rates were studied alone (Mitchell and Farris, 1995) and in
conjunction with irrigatio (Mitchell, 1994a). The optimal rate was at 245 and 252 lb/A of
N for two years. Split applicatio of fertilizer was beneficial in some years, but not all.
Peppermint stem and soil monitoring of N status was found to be reliable methods of
determinig plant N need, but new methods of measuring plan N were not as scucessful
(Mitchell, Farris, and Light, 1995). A new ferilizwer guide is being prepared.

Nitrate leaching was measured with passive capillary samplers under several
irrigation and N fertilizer treatments (Mitchell, 1994b). Results from the samplers
compared favorably with soil samples taken below the root zone. One conclusion was
that, under reasonable irrigation management, leaching is limited to the rainy winter
season. We also found that peppermint-farming practices can leach up to 100 lb/a of N
per year, depending on several factors. A N budget was calculated using the model
NLEAP that produced estimates that were close to the measurements.

Isolating the problem of nitrate leaching to the rainy winter season has led us to
investigate peppermint practices in the fall that may reduce the soil inorganic N prior to
the winter rains. We are investigating fall realy itercropping, or scavenger crops, to
remove soil N (Mitchell, 1994c). Preliminary results indicate monida oats and winter
rape may work well at removing soil N, while not adversely affecting yield. Other
research projects on rhizome health and fall N application should produce more BMP's
for peppermint production.
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Water and Fertilizer Management in Potato Production

Dr. Clinton C. Shock

Malheur Experiment Station
Oregon State University

Ontario, Oregon

Background

Growers and agricultural professionals in Malheur County have shared values including
maintenance of economically viable agriculture, husbandry of water resources,
preservation of freedom of choice, and reduction of environmental problems.
Prior to the establishment of a state "groundwater management area" and a federal
"hydrological unit area" in northeastern Malheur County, positive changes in irrigation
and fertilizer use efficiency were already taking place. Driving motivations for increases
in efficiency occurred in the late 1980's associated with economic incentives to improve
potato quality. During the 1984 and 1985 seasons, potato tuber quality was inadequate to
meet the needs of potato processors, Ore-Ida Foods Inc. and J. R. Simplot Co. In
particular a condition called "dark-ends" in fried tuber slices resulted from tubers grown
on stressed potato plants. The stresses aggravating the occurrence of "dark-ends" were
poorly defined. Growers lost contracted acres.

Intensive research at the Malheur Experiment Station from 1986 through 1989 discovered
how to grow quality tubers. Researchers included Lynn Jensen, Zoe Ann Holmes, Tim
Stieber, Eric Eldredge, Monty Saunders and myself. Funding at that time was provided
by the Oregon Potato Commission, the Malheur Potato Growers, and USDA grants.
The Malheur Experiment Station research determined the soil water requirements for
potato production and how to carefully monitor soil water status using soil moisture
sensors. Growers modified their irrigation and other growing practices so as to minimize
water stress on the potato plants during tuber development. Lynn Jensen and the station
also proved that "dark-ends" were less prevalent under sprinkler irrigation than under
furrow irrigation but that drip irrigation was of less benefit. Simultaneously growers' field
scale potato production confirmed the reduction in "dark-ends" by using sprinklers.
Growers purchased and leased sprinkler irrigation systems. Varieties were identified that
expressed fewer negative characteristics when subjected to stress. One of these varieties,
Shepody, increased in popularity with growers and processors. Growers regained
contracted acres at favorable prices.

The research trials on "dark-ends" at the Malheur Experiment Station produced high
quality tubers with far lower inputs of N fertilizer (100 to 180 lb N/ac) than growers had
been using at that time (300 to 400 lb N/ac). By 1991 average grower N fertilizer
applications to potatoes had shrunk to 225 lb N/ac. The lower fertilizer N rates on
potatoes led to reductions in net nitrate loading to the environment. These nitrate loading
decreases had little opportunity to be reflected in groundwater nitrates by 1990 and 1991
at the onset of the "groundwater management area."
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Starting in 1992, new trials were initiated to examine a) the nitrogen rates and timing
needed for potato production under furrow irrigation and under precision sprinkler
irrigation, b) the possible contribution to plant available nitrogen from the mineralization
of soil organic matter, and c) the response of potatoes to deficit irrigation. Nitrogen
fertilizers were only applied during the growing season when potatoes had the greatest
opportunity to take up nitrogen. Researchers on these new topics included Erik Feibert,
Monty Saunders and myself and research has been supported by the Oregon Potato
Commission, ODEQ, ODA, and EPA 319 funds.

Efficiency of Fertilizer Placement

Spring preplant broadcast nitrogen fertilizer is subject to volatile losses (Figure 1). Even
after planting, fertilizer nitrogen broadcast preplant is poorly placed for efficient
utilization (Figure 2); part of the nitrogen fertilizer is near the top of the hills where it can
wick to near the surface and not be used by the potato plant, part of the nitrogen fertilizer
is positioned low below the furrow where it is subject to leaching losses. If the nitrogen
fertilizer is shanked into the hill between the seed piece and the furrow bottom shortly
after planting, the fertilizer should be less subject to volatile losses and leaching losses
(Figure 3) than when broadcast. All the nitrogen fertilizer research discussed below was
conduced with fertilizer shanked into the hills at planting or shortly after planting and
before emergence or lay bye (Figure 3).

Nitrogen fertilization for potato varieties grown under sprinkler irrigation, 1992-
1994

Nitrogen fertilizer rates were reexamined for sprinkler irrigated potatoes in Malheur
County. Three rates of fertilizer N (120, 180 and 240 lb N/ac) were compared to an
unfertilized check on moderate quality soils (Figure 3). Three different timing strategies
for N application were used at the 180 lb N/ac rate. Seven potato varieties were grown
with the 6 nitrogen fertilizer rate and timing treatments in 1992, 1993, and 1994. All sites
had histories of low fertilizer inputs during the last six to eight years.

In three years of trials, Shepody and Russet Burbank varieties had similar responses to N
rates and N timing. Potato yields from these trials were consistently above county
averages. Optimum yield responses were obtained using 0 to 120 lb N/ac depending on
the year and experimental site. Rates of N over 120 lb N/ac were never economical. In
1993 and 1994, with wheat as the previous crop, 120 lb N/ac was the optimum N rate,
over all varieties. In 1992, with alfalfa as the previous crop, there was no positive potato
tuber yield or grade response to N fertilization.

There was no advantage in any of the three years in split applications of the N fertilizer
compared to a single application before tuber set. The lack of response to split N
applications was probably caused by the careful control of irrigation duration, based of
crop evapotranspiration.

The limited N fertilizer responses realized in these trials were possible because of the
careful irrigation management where little or no nitrate leaching occurred, the placement
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of N fertilizer (Figure 3), the silt loam soils that facilitated moisture retention, and high
rates of N mineralization. Careful irrigation management for potatoes in Malheur County
can be achieved by daily monitoring of the soil water potential then irrigating before the
soil dries to -60 kPa and replacing no more than the accumulated crop evapotranspiration,
Etc. Growers may run irrigation sets for more time than necessary to replace soil water.
In 1993 and 1994, the unfertilized potatoes had the highest tuber specific gravity. During
each of the three years, the experimental processing varieties C0083008-1 and
A082611-7 had high total marketable yields, high US Number One yields, and high US
Number One >10 oz tuber yields.

Nitrogen fertilization for potato varieties grown under furrow irrigation, 1994 and
1995

Nitrogen fertilizer rates were reexamined for furrow irrigated potatoes at the Malheur
Experiment Station with seven varieties as subplots within each N rate treatment.
Nitrogen was shanked into the side of the hill between planting and emergence and before
lay bye. Trials were conducted each year using moderate quality soils with a history of
low rates of fertilization over the last decade. Potato yields from these trials were
consistently above county averages. In 1994 following soybeans (an unusual crop for
Malheur County) there was no yield response to N fertilizer and tuber quality parameters
responded negatively to N fertilizer. In 1995 following winter wheat, potatoes responded
positively to 90 lb N/ac, with no addition response at higher N rates. Potato varieties had
similar N fertilizer responses.

Oregon and Idaho N fertilizer guides for potatoes suggest that larger amounts of fertilizer
N are necessary than found in these trials. Since the differences between the guides and
potato responses to N fertilizer were large in these trials, the guides should be
reexamined. Greater fertilizer N use efficiency may be possible.

Potato response to deficit irrigation

We may ask if there ways to reduce water application to potatoes below full crop
evapotranspiration demand without sacrificing yield or quality? Are there highly
productive potato varieties that do not lose substantial economic yield when irrigated with
less than the crop needs? Replicated field trials were conducted in 1992, 1993, and 1994
at the Malheur Experiment Station to determine potato response to deficit irrigation.
Seven potato varieties were included in each irrigation treatment plot.

The seven varieties used did not respond in the same way. With progressive amounts of
deficit irrigation, several varieties lost grade, several varieties lost yield, and several
varieties lost both yield and grade. All highly productive varieties tested lost economic
return with reduced irrigation.
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CONCLUSIONS AND CURRENT SITUATION

1. Potatoes are a particularly difficult crop for precise nitrogen fertilizer management
because plant roots are shallow and little water stress is tolerated by developing
tubers.

2. Careful irrigation management for potatoes grown on silt loam soils in Malheur
County can be achieved by irrigating before the soil dries to -60 kPa and replacing
no more than the accumulated Etc,

3. Positive potato yield and quality responses to N fertilizer were less in these trials
than would have been expected by the fertilizer guides. All fields used had crop
histories with little N fertilizer for several years before planting potatoes.
Consistent with N fertilization history, soil residual nitrates at planting were low
at planting in every field used. All trials were conducted with careful irrigation
management which favored efficient use of residual and fertilizer nitrogen. The
careful irrigation management also reduced nitrate leaching losses. Nitrogen
fertilizer applications shanked into the hill at planting or shortly after planting
(Figure 3) may be inherently more efficient of N fertilizer than preplant fall and
spring broadcast applications.

4. The substantial amounts of nitrate-N and ammonium-N were contributed from
organic matter mineralization in these trials. The large magnitude of the
mineralized nitrogen indicates the importance of taking these natural sources into
account when estimating crop N fertilizer needs.

5. Growers are reexamining nitrogen fertilization practices so that money is not
wasted on unneeded N fertilizer. Where money can be saved on nitrogen
fertilizer, we can expect that less nitrate will be lost to deep percolation.
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Figure 1. Preplant broadcast nitrogen fertilizer incorporated in bedded land. Broadcast
N fertilizer is subject to volatile loss. Malheur Experiment Station, Oregon
State University.	

Volatile losses

Figure 2. Redistribution of preplant broadcast nitrogen fertilizer after planting. Nitrogen
fertilizer is subject to loss from movement to the top of the bed and leaching
loss below the furrows. Malheur Experiment Station, Oregon State
University.

N fertilizer wicks
upward

Deep leaching
losses

Figure 3. Nitrogen fertilizer shanked into the bed between the furrow and seed piece
minimizes loss. Malheur Experiment Station, Oregon State University.

Fertilizer placement

36 inches
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EPIC MODEL PREDICTIONS OF BMP EFFECTS ON FARM
RUNOFF QUALITY

Dean P. Moberg, USDA - Natural Resources Conservation Service
Terry Sobecki, USDA - Natural Resources Conservation Service
Wes Jarrell, Oregon Graduate Institute
Diane Meierhenry, USDA - Natural Resources Conservation Service

A Project by the Washington County Soil & Water Conservation District.

Funded with a Tualatin Valley Water Quality Endowment Fund grant from the Oregon
Community Foundation.

PURPOSE

The Washington County Soil & Water Conservation District (SWCD), the United States
Department of Agriculture - Natural Resources Conservation Service (NRCS) and
Oregon State University (OSU) Extension help Tualatin River Basin farmers voluntarily
adopt practices that protect natural resources and increase farm profit. These practices,
called Best Management Practices (BMPs), are based on the premise that healthy natural
resources such as rich soil and abundant clean water will produce the most profitable
crops in a sustainable manner into the future. BMPs which address water quality risks are
especially important in the Tualatin Basin due to the Tualatin River's designation as water
quality impaired.

This project was undertaken to demonstrate the effects of farming systems on runoff
quality and to investigate which BMPs were most effective in reducing erosion and
phosphorus runoff. We used the results of a 1994 farmer survey to model farming
systems with the USDA developed Erosion Productivity Impact Calculator (EPIC)
computer model, with special emphasis on practices that affect phosphorus runoff and
erosion.

FARMER SURVEY / EPIC SIMULATION

Farmers of seven major Tualatin Basin crops (winter wheat, field corn, sweet corn, green
beans, strawberries, blueberries and black raspberries) were surveyed to determine
detailed information about their crops, soils, tillage, fertilizer and irrigation practices.
Selected surveys were entered into the EPIC model.
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Farm practices were recorded on the surveys during a thorough 1-2 hour interview of
each grower. Each grower picked a typical field of the crop in question and then recorded
the crop rotation, yields, use of erosion control practices (e.g. cover crops), extent of
drainage, type of irrigation system and the liming program. We then asked each grower
to list the type, date and amount of each tillage and fertilizer operation. We also collected
detailed information on planting and harvest dates, irrigation timing and amounts and
manure application timing and amounts. We then visited the field, took a composite soil
sample made up of at least 10 cores from the top 6-8" of soil and estimated slope and
length using a clinometer. Finally, we recorded the predominant soil map unit, the
elevation above sea level and the sub-watershed.

EPIC utilizes data on weather, hydrology, soils, topography, fertilizer, crop growth,
tillage, economics and farm practices. After data is entered, EPIC will calculate values
for each day of the period selected (usually several years). These values include natural
inputs (e.g. rainfall, solar radiation, soil nitrogen mineralized) and human inputs (e.g.
tillage, fertilizer applied, irrigation, planting of crops). EPIC estimates the growth of
whatever crop is selected based on the natural and human inputs plus soil conditions.

There were 13 soil series represented by the fields which were surveyed for this project.
In order to simplify comparisons between fanning systems, we separated soils into three
groups based on landscape position: floodplain, valley bottom (terraces) and hill
(uplands). Farm surveys for each of the seven crops being investigated were divided
according to landscape type. For example, the field corn surveys were divided into two
stacks: one from fields in a floodplain landscape and one from fields in a valley bottom
landscape.
We compared levels of Best Management Practice (BMP) use among all surveys of a
particular crop on a given landscape. As our criteria, we used BMPs listed in the USDA-
NRCS Field Office Technical Guide (Washington County copy) for each landscape/crop
combination.

For each soil/crop combination, we chose one survey which listed the most BMPs and
called it the "High Existing BMP" system. We also chose one survey which listed the
fewest BMPs for each soil/crop combination and called it the "Low Existing BMP"
system. The term "existing" denotes that the system is one actually being used by a
Tualatin Basin grower at the present time. After choosing the High and Low Existing
BMP systems for each crop / landscape combination, we modified the High systems to
use even more BMPs. We built these "Ideal BMP" systems by:

• Modifying nitrogen and phosphorus fertilizer applications to meet OSU
recommendations based on soil test results for that field, previous crop, legume and
manure credits.

• Adding cover crops if not already used.
• Reducing irrigation to the minimum amount necessary to avoid water stress on the

crop. It is noteworthy that several of the High Existing BMP systems were already at
this point, or were actually irrigating at a frequency and rate low enough to create
some stress in the crop. In these cases we increased irrigation for the Ideal systems
until stress stopped.
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• Changing tillage from a moldboard plow system to a chisel / disk system.
• For upland hill landscapes, we set the planting (or harrowing after planting) to a

contour operation.
• We set the phosphorus in the top 6-8 inches of soil to equal the mean minus one half

standard deviation for all soil samples collected from that landscape type. Our
rationale for this change was that reducing soil test (Bray P1) phosphorus could be
considered a BMP. Growers can, in theory, reduce soil test phosphorus by reducing
fertilizer inputs, growing crops which extract more phosphorus or both.

We labeled this new system as "Ideal BMP" because it does not represent an actual farm,
but rather a system of almost all management BMPs that can be applied to cropland. The
Ideal BMP systems do not, however, include structural practices such as waterways, filter
strips and water control structures because EPIC is not capable of modeling these.

We calculated costs of fertilizer and tillage (production factors which often change as
BMPs are adopted) for each system. These costs are estimates of variable costs of
production and include labor, fuel, materials and repairs. They do not include
depreciation, interest, taxes, insurance and shelter. Many growers who adopt BMPs do
not immediately sell old equipment and so variable costs more accurately reflect the
economic impact of BMP adoption. For example, growers who begin using conservation
tillage often keep their moldboard plows and thus still incur the fixed costs of owning the
plow.

Our EPIC simulations were for the ten year period 1984 through 1993. For annual crops,
this often represented several rotations. For example, one rotation we modeled was field
corn - wheat. Our simulation ran this two year rotation five times from 1984 through
1993. For blueberries and black raspberries, there is no true rotation because a planting
lasts much longer than 10 years. In our project, we "planted" blueberries and black
raspberries in 1984 and then grew and harvested them each year through 1993.

For this paper, we will present detailed information about field corn grown on valley soils
and summary information on other crops.
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FIELD CORN - VALLEY SOILS

SYSTEMS

All three systems were dairy farms which grew a simple rotation of corn silage - winter
wheat and applied manure for the corn crop. The Low system applied 25 tons/acre solid
manure throughout the winter and then moldboard plowed in the spring before planting
corn. The High system applied 20 tons/acre solid manure in April and moldboard plowed
on May 1 before planting corn. The Ideal system also applied 20 tons/acre solid manure
in April but chisel plowed rather than moldboard plowed on May 1. We used a
laboratory analysis to determine the nutrient levels for the Low system's manure, but,
since an analysis wasn't available for the High system, we used average Willamette
Valley solid dairy manure values (Hart et al, 1995) for the High and Ideal systems. The
Low system used a moldboard plow before planting winter wheat whereas the High and
Ideal systems used a disk. See Figure 1 for more information.

The Low and High systems applied close to 100 lbs/acre P205 fertilizer at corn planting,
indicating that they didn't take credit for the P in the manure. The Low system applied
108 lbs/acre N and the High system applied 102 lbs/acre N fertilizer for the corn, which
indicates they did take credit for the N in the manure. The Ideal system applied 30
lbs/acre P205 and 130 lbs/acre N at planting, taking credit for both the P and the N in the
manure. Interestingly, current OSU and NRCS manure management BMPs
recommendations recommend taking credit for less N in manure than either of the actual
farms (Low and High systems) did. Therefore, the Ideal system applied less P but more N
than the other two systems.

The Low system averaged 7 inches of irrigation water on the corn, applying 2 inches at 75
centibars soil moisture tension from June 20 - August 30. The High system averaged 6
inches of irrigation, applying 2 inches at 150 centibars moisture. The Ideal system used
11 inches of irrigation, applying 2 inches at 75 centibars from June 15 - September 20.

YIELDS

On the surveys, the Low system reported 30 tons/acre of corn silage and the High system
reported 25 tons/acre. EPIC predicted that the Ideal systems would yield more than either
the Low or the High due to less water stress.

PRODUCTION COSTS

There was little difference in fertilizer or tillage costs between the three systems. The
Ideal system's savings on P fertilizer was largely offset by its increased use of N. The
Ideal system's conservation tillage system saved $5 per acre compared with the Low.
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SOIL TEST FERTILIZER CONS.
SYSTEM	 ROTATION	 P (ppm)	 P205 (lbs/ac) TILLAGE?	 NOTES

Low c-w 177 96 no manure Aug.-April
High c-w 133 98 no manure April
Ideal c-w 69 30 yes manure April

Notes: c = corn for silage, w = winter wheat.

Figure 1. EPIC predictions for corn silage grown on valley ground.
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Figure 2. EPIC predictions for corn silage grown on valley ground.
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FIELD CORN ON VALLEY SOILS

P IN RUNOFF

EPIC predicted that the High and Ideal systems had about 30% and 50% less sediment P,
respectively, than the Low. The High system reduced soluble P runoff (lbs/acre) by about
40% over the Low while the Ideal system reduced soluble P runoff by about 70%. The
High system had about 40% lower and the Ideal system had about 60% lower
concentration (mg/1) of soluble P predicted in runoff than the Low. See Figure 2.

The most effective BMP for sediment P runoff was conservation tillage. The most
effective BMP for soluble P runoff were reduction in soil test P, followed by 5 months of
solid manure storage (ie. not spreading manure in winter). It's important to note that
EPIC predicted less soluble P runoff with fall/spring applied manure (verses winter
applied) only when the fall manure was incorporated into the soil. We modeled the
winter application of liquid dairy manure and this caused more soluble P runoff (lbs/acre)
than solid manure applied in winter. The difference seemed to lie in the altered
hydrology caused by applying 3 inches of liquid to the soil in winter (wetter soil caused
more runoff).

There was essentially no runoff in July - September for the Low or Ideal systems, but the
High system had irrigation water runoff during the summer.

EROSION

The Ideal system averaged 1.7 tons/acre less erosion than the Low and this difference was
due to the Ideal's conservation tillage. The High system's erosion rate of 5.2 tons/acre
(the "T" value is 5.0) was due to 1% of irrigation water running off the field. This
amount of irrigation water runoff was an estimate. Whether the 1% runoff is correct or
not, the EPIC model predicted substantial erosion caused by irrigation water runoff.

CONCLUSIONS BASED ON EPIC PREDICTIONS

1. The Low and High systems applied too little irrigation water and suffered somewhat
lower yields because of it. Increased irrigation water by itself didn't affect P runoff or
erosion, but irrigation water runoff caused significant erosion.

2. EPIC predicted that 5 months of solid manure storage reduced soluble P runoff by
about 30% over spreading all winter (if fall applied manure was incorporated).
Although this was an important BMP, reducing soil test P from the Low system's 177
ppm to the Ideal's 69 ppm was slightly more effective in reducing soluble P runoff.

3. Conservation tillage reduced sediment P runoff, erosion and tillage costs.
4 BMPs reduced sediment and soluble P in runoff, and the High system total P losses

were about 30% less than the Low system.
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CONCLUSIONS: TOTAL P RUNOFF

TOTAL P RUNOFF

To create the graphs on the following page, we added sediment P plus soluble P to
produce a prediction of total P runoff for each system. All graphs are derived from
average annual predictions for the entire rotation. The top graph compares Low systems
for each crop/soil combination. The four systems with the greatest total P runoff
predictions were valley grown blueberries (13.4 lbs/acre), valley grown black raspberries
(12.3 lbs/acre), hill grown wheat (12.6 lbs/acre) and hill grown strawberries (10.4
lbs/acre). See Figure 3.

The middle graph displays the difference in total P runoff between Low and High
systems. This represents a prediction of the amount P runoff may be reduced by
switching from a Low to a High system. The four systems with the greatest reductions in
total P runoff were: wheat-hill (9.5 lbs/acre), blackraspberries-valley (9.3 lbs/acre),
strawberries-hill (7.4 lbs/acre), strawberries-valley (5.8 lbs/acre). These reductions
represented decreases of 24-75% of the total P runoff from the Low system. The change
from Low to High field corn-floodplain systems is misleading because the Low system
applied manure and the High system did not. This change necessitates the selling of
livestock: a change in enterprises more than an adoption of BMPs. For black raspberries
and blueberries, the High system reported lower yields than the Low.

Comparing the bottom graph to the middle graph, we see less advantage for most crops in
going from the High to the Ideal system than in going from the Low to the High system.
The exception is valley grown blueberries, for which the Ideal system produced a 7.0
lbs/acre decrease in total P runoff over the High system. We know of at least one
blueberry grower using a system close to the Ideal, but he was not surveyed in this study
for his blueberry production practices. He completed surveys on other crops instead.

RECOMMENDATIONS

I. High systems for strawberries-hill, strawberries-valley, wheat-hill showed
substantial reductions in total P runoff predictions plus increased yields compared to
Low. Agencies should work with Low system growers of these crops to help them
try High system BMPs.

2. Field trials are needed to investigate the yield effects of BMPs on blueberries and
black raspberries to determine if the lower yields reported by the High systems were
due to BMPs or some other factor.

3. Beans/sweet corn on floodplains and valley grown wheat showed the least
improvement in total P runoff predictions due to BMP adoption. Agencies should
consider making these crop/soil systems lower priority for BMP adoption efforts.
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Figure 3. Total P runoff and the difference in total P runoff between BMP systems. Total
P = sediment bound P + soluble P. All values are annual averages for entire rotation. BL
= blueberries, BR = black raspberries, BS = beans and sweet corn, FC = field corn, SB =
strawberries, WH = winter wheat, -F = floodplain, -V = valley, -H = hillside.
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CONCLUSIONS: BMPs

BMPs

Table 1 displays the most effective BMPs, according to EPIC, for reducing P runoff and
erosion. Cover crops in berries and conservation till in annual crops were the most
effective BMPs at reducing sediment P runoff and erosion. Reducing soil test P levels
and reducing fertilizer P were most effective at reducing soluble P runoff.

For many crops, growing two years of red clover in a rotation did not appear to be an
especially effective BMP, but including 5 years of alfalfa in a rotation did reduce
sediment P, soluble P and erosion. No-till planting was theoretically effective for both
valley and hillside wheat, but very few growers are currently using no-till.

Manure timing (i.e. not applying manure in the winter) was moderately important for
solid manure and very important for liquid manure. EPIC generally did not predict
reducing irrigation amounts to be important in terms of P runoff or erosion control. In
fact, EPIC tended to indicate that most crops would have higher yields with more
irrigation water. An exception here is that EPIC predicted blueberries did not need as
much irrigation water as the Low and High systems were applying. Still, changing the
irrigation rate did not change P in runoff substantially. There are potential water quality
benefits if irrigation water management results in more water being left in the stream to
increase summertime flow, but that effect was beyond the scope of this project. When
irrigation runoff occurred, EPIC predicted moderate increases in erosion. Irrigation
runoff may be more closely tied to application rate (ie. inches per hour) than total amount
applied in a season. This project did not collect information on application rate.

OVERALL CONCLUSIONS

Where EPIC predicted substantial reductions in P runoff and erosion for existing BMP
systems (i.e. the High systems) and where these High systems reported yield equal to or
greater than the Low, agencies should facilitate the widespread implementation of these
BMPs. Where BMP effects were substantial, but High systems reported lower yields,
agencies should determine if the lower yields were due to BMPs. If so, efforts should be
made to solve these yield problems while maintaining the benefits of the BMPs. Where
BMP effects were minimal, agency efforts might be better targeted elsewhere.
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Table 1.	 EPIC PREDICTIONS: MOST EFFECTIVE BMPs

SEDIMENT	 SOLUBLE
CROP	 SOIL	 P RUNOFF	 P RUNOFF	 EROSION

Beans/sweet corn 	 Floodplain	 conservation till 	 reduce P fertilizer	 conservation till

Beans/sweet corn 	 Valley	 conservation till	 reduce soil test P	 conservation till

Black raspberries	 Valley	 cover crop	 reduce P fertilizer	 cover crop

Blueberries	 Valley	 cover crop	 reduce P fertilizer	 cover crop

Strawberries	 Valley	 cover crop	 cover crop	 cover crop

L./1	 Strawberries	 Hill	 cover crop	 reduce soil test P	 cover crop

Field corn	 Floodplain	 alfalfa in rotation	 alfalfa in rotation	 alfalfa in rotation

Field corn	 Valley	 conservation till	 reduce soil test P	 conservation till
(no winter manure spread)

Wheat	 Valley	 no-till planting	 no-till planting
(conservation till) 	 (conservation till)

Wheat	 Hill	 no-till planting	 reduce soil test P	 no-till planting
(conservation till) 	 (conservation till)

Notes:	 ?	 = differences between BMPs verses no BMPs were small or negative. ( ) = next most effective BMP.
italicized = these BMPs need more research into effects on yields.



Reduced Nitrogen Fertilizer Applications for Increased Sugar Beet
Production and Reduced Nitrate Leaching Losses

Dr. Clinton C. Shock

Malheur Experiment Station, Oregon State University

Ontario, Oregon

Background 

Northeastern Malheur County has been declared a "Groundwater Management
Area" by ODEQ because of groundwater nitrate contamination and the presence of the
breakdown products from the herbicide Dacthal. The same region has been
designated a "Hydrological Unit Area" because of groundwater contamination and the
irrigation induced loss of soil and nutrients.

Northeastern Malheur County is arid with annual rainfall averaging less than 10
inches per year. Dry land farming does not work but extensive grazing is effective
where ranchers have access to meadows or other irrigated land to produce hay for the
prolonged unproductive winter season. Early season snow melt is caught in five desert
reservoirs for summer irrigation.

Malheur County has numerous strengths. Family farms predominate. Growers
use typically use four or five crops in crop rotations on any given field. The county has
a strong tradition of interracial respect and participatory democracy. Participatory
democracy includes organizations on key issues: the Soil and Water Conservation
District, the Citizens Groundwater Advisory Committee, the Malheur County Water
Council, the Bully Creek Watershed Coalition, the Water Quality Interagency Team, and
growers' associations. Participation extends to future organizations (Western Treasure
Valley Cultural Association) and long term visioning for the city and the Treasure Valley
Community College. Shared values include maintenance of economically viable
agriculture, husbandry of water resources, preservation of freedom of choice, and
reduction of environmental problems.

Growers have been working to reduce sediment loss and nutrient loss in
irrigation runoff water. Growers weed control practices are changing thereby reducing
the reliance on Dacthal for grass control in onions, changes that should ultimately
reduce the Dacthal di-acid breakdown product in the groundwater. At the same time,
growers are reexamining nitrogen fertilization practices so that less nitrate is lost to
deep percolation. A crop rotation for a particular field may include onions, sugar beets,
wheat, potatoes, and other crops. Onions and potatoes are shallow rooted and more
difficult to supply with nitrogen without leaching losses. Wheat and sugar beets are
examples of deeply rooting crops where the soil allows.

Sugar beets are a deep rooted crop with well-recognized ability to scavenge the
soil profile for residual available soil nitrogen. When sugar beets are grown in rotation
with shallow rooted crops such as onions and potatoes, or after nitrogen fixing crops
such as alfalfa, sugar beet N fertilizer requirements may be lower than otherwise
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expected. In 1990 there was no scientific evidence to support reduced N applications
on sugar beets.

The application of unnecessary nitrogen fertilizer to sugar beets is
disadvantageous to the beet grower and to the beet processing factory. Sugar beets
with extra nitrogen supplies accumulate nitrate and ammonium compounds that
interfere with the extraction and purification of sugar. Growers have price incentives for
low nitrate beets and penalties for high nitrate beets.

SUGAR BEET PERFORMANCE AND NITROGEN RECOVERY FOLLOWING
ONIONS

Three trials over a two year period tested the idea that sugar beets might not
need much if any nitrogen fertilizer following heavily fertilized onions. A nitrogen budget
approach was investigated to evaluate expected nitrogen supplies to sugar beet plants.
Researchers included Monty Saunders, Tim Stieber, John Miller and myself. Funding
was provided by the Nyssa-Nampa Beet Growers Association, the Amalgamated Sugar
Co., ODEQ, EPA 319 funds, and ODA fertilizer funds.

Objectives for Beets Following Onions 

Describe the performance of HM-PM9 sugar beets supplied with only residual
nitrate and ammonium following onions and from other natural occurring nitrogen
sources. Improve the nitrogen fertilizer efficiency on sugar beets by understanding
nitrogen sources. Develop guidelines to help growers utilize the ability of sugar beets
to extract topsoil and subsoil nitrogen sources, thereby substituting for costly fertilizer
nitrogen, reducing nitrate leaching loss through the soil profile, and improving
groundwater quality. Describe a nitrogen balance sheet approach that will allow beet
growers to avoid high nitrate in their beets and factory discounts.

Procedures for Beets Following Onions 

Three sugar beet trials followed sweet Spanish onion nitrogen fertility trials
where the onions had been fertilized with 0, 50, 100, 200, or 400 lb N/ac as broadcast,
sidedressed, or split-sidedressed urea-based nitrogen fertilizers. Onions had been
preceded by unfertilized winter wheat in an attempt to even out field fertility differences
before planting onions. Sugar beets (cv. HM-PM9) were planted on an Owyhee silt
loam that grades into a Greenleaf silt loam April 3, 1991, on a Nyssa silt loam bench
ground April 7, 1992, and on Owyhee silt loam bottom ground April 2, 1992.

Following onions, the soil was sampled during November of 1990 and 1991 in
every plot in 1 foot increments to 6 feet deep. Each soil sample for the top foot of soil
consisted of a composite of 20 subsamples while the sample for each subsequent foot
of soil consisted of a composite of four soil cores made with a Giddings hydraulic soil
probe. Every composite soil sample from each plot was analyzed for nitrate-N and
ammonium-N. Nitrate and ammonium analytical data was converted to lb
available-N/acre using the soil volume and bulk density.
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Beets both years received Counter 15 G at 12 lb. per acre before emergence for
insect control. In 1992, beets were sprayed with 3 pints of MSR for black bean aphid
control. Beets were sprayed separately with Bayleton and sulfur for mildew control both
years. Weed control utilized standard commercial herbicides. Beets both years were
dug in late October. Two beet samples, consisting of seven typical beets from each
plot, were analyzed for sucrose, pulp nitrate, and conductivity.

The day before beet harvest, 10 beets from each plot were dug by hand,
washed, and separated into leaves, crown, and beets. The leaves and crowns were
weighed fresh, dried, weighed, ground, and analyzed for Kjeldahl N. The beets were
weighed, shredded, subsampled, the subsample weighed, dried, weighed again,
ground, and analyzed for Kjeldahl N.

Following the sugar beet harvest, the soil in the middle of each plot was sampled
and analyzed in exactly the same way that it had been following onions the previous
fall.

Results and Discussion for Beets Following Onions 

Weather conditions were ideal for early rapid beet development in April and May
both years. Beet stand averaged 36,500 plants per acre in 1991 and 40,700 plants per
acre in 1992. In 1992, numerous individual plants showed symptoms of curly top virus.

Following onions, the average total residual nitrate and ammonium in the soil
profile to 6 feet ranged from 169 to 472 lb N/ac, depending on the rate of urea-based
nitrogen fertilizer applied to the onions (Table 1). Beet yields, beet pulp nitrate, and
pulp conductivity increased with increasing residual available nitrogen (Table 2). Beet
sucrose and estimated percent extraction decreased with increasing residual available
nitrogen. Recoverable sugar was greatest (14,264 lb/ac) for unfertilized beets following
onions receiving 200 lb N/acre.

Beet plants grown following onions accumulated large amounts of nitrogen in
their leaves, crowns, and beets despite no fertilization during the sugar beet production
year (Table 3). Sugar beets following onions with 200 lb N/ac accumulated a total of
320 lb N/ac: 88, 36, and 192 lb N/ac respectively in their leaves, crowns, and beets at
harvest time. This nitrogen uptake of 320 lb N/ac for a harvest yield averaging 45.7
tons/ac corresponded to 7.07 lb of plant N uptake per ton of harvested beets. Plant
nitrogen recovery averaged consistently much greater than analyses of available N in
the top three feet of the soil profile (Table 4). By construction of an average nitrogen
budget for unfertilized sugar beets following onions that received 200 lbsN/ac, we
expect to need 320 lb N/ac in the beet crop in order to realize yields of 40 tons/ac. The
320 lb N/ac nitrogen requirement is based on the notion that beet plants need to
contain about 8 lb N per ton of beets eventually harvested. The nitrogen available from
the soil and water, including the top three feet of the soil profile, averaged 252 lb N/ac
based on the following: 80 lb N/ac as nitrate; 53 lb N/ac as ammonium; 65 lb N/ac
available to the plants from organic matter mineralization, using a mineralization
coefficient of 50 due to the long season and average 1.3 percent soil organic matter; 40
lb N in the irrigation water; and 15 lb N/ac released from the over 30 lb N/ac
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Table 1.	 Average available N in the form of nitrate and ammonium in the fall
preceding sugar beets following onions fertilized with 0 to 400 lb N/acre.
Malheur Experiment Station, Oregon State University, Ontario, Oregon,
1991 and 1992.

N rate on preceding onions, lb N/ac
Soil depth
increment 0 50 100 200 400 LSD (0.05)

feet lb N/ac
0-1 44 71.6 69.6 67.6 105.6 -
1-2 23.1 30.8 31.7 32.9 63.2 -
2-3 21 37.3 28.8 32.1 69.2 -
3-4 27.7 41.5 40.1 42.9 94.9 -
4-5 26 39.1 40.1 40.5 73.7 -
5-6 27.5 46.9 37.4 42.9 65.9 -
0-6 169.3 267.2 247.7 259 472.5 51.7

Table 2.	 Yield and quality of unfertilized HM-PM9 sugar beets following sweet
Spanish onions fertilized with 0, 50, 100, 200, and 400 lb N/ac. Malheur
Experiment Station, Oregon State University, Ontario, Oregon, 1991 and
1992.

Sugar beet
performance,

units

N rate on preceding onions,
lb N/ac

0 50 100 200 400 LSD (0.05)
Beet yield, t/ac 39 40.9 42.6 45.7 46.8 2.7
Sucrose, % 17.6 16.9 16.8 16.9 15.4 0.3
Pulp nitrate, ppm 85 176 196 190 509 66
Conductivity,
p mhos

646 718 716 709 864 37

Extraction, % 87.6 86.5 86.5 86.6 84.3 0.5
Recoverable sugar,
lb/ac

12,777 12,743 13,232 14,264 13,188 811
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Table 3.	 Nitrogen content and uptake by unfertilized HM-PM9 sugar beets
following sweet Spanish onions fertilized with 0, 50, 100, 200, or 400 lb N/ac. Malheur
Experiment Station, Oregon State University, Ontario, Oregon, 1991 and 1992.

Sugar beet performance,
units

N rate on preceding onions, lb N/ac
0 I	 50 100 I	 200 I	 400 I LSD (0.05)

Nitrogen content % 	
Leaves 2.1 2 2.18 2.19 2.7 0.18
Crown 1.42 1.67 1.66 1.77 2.18 0.3
Beet 0.74 0.84 0.81 0.87 1.12 0.12
Dry matter lb/ac 	
Leaves 2,891 3,596 3,517 3,960 5,446 1,466
Crown 1,885 1,520 1,756 2,157 1,979 300
Beet 20,729 20,793 21,583 23,24 22,54 548

7 4
Total 25,505 25,909 26,856 29,36 29,96 1,883

4 9
Nitrogen recovery lb/ac 	
Leaves 64 72 78 88 145 25
Crown 26 24 28 36 42 6
Beet 155 173 174 196 239 14
Total 245 269 280 320 426 36
Plant N - - - - lb N per ton of beets - - - -

6.3	 I 6.59	 I 6.57 7.07	 I 9.32	 I 0.71

Table 4. Comparison of nitrate and ammonium in the top three feet of soil and sugar
beet nitrogen recovery. Malheur Experiment Station, Oregon State University, Ontario,
Oregon, 1991 and 1992.

Available N, 0-3 feet
and plant uptake

N rate on preceding onions,
lb N/ac

0 I	 50 I	 100 I	 200 I	 400 I	 LSD (0.05)
lb N/ac

Soil Nitrate 42 78 77 80 189 33
Ammonium 46 62 53 53 49 (7%)

Total 88 140 130 133 238 (9%)
Plant N recovery 245 269 280 320 426 36
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Table 5.	 Average nitrogen budget for unfertilized HM-PM9 sugar beets grown in
three fields following onions that had received 200 lb N/ac as urea.
Malheur Experiment Station, Oregon State University, Ontario, Oregon,
1991 and 1992.

Nitrogen budget - - - lb N/ac - - -
A. Estimated crop N requirement

40 tons/ac x 8 lb N/ton 320
B. Estimated soil and water nitrogen

supply
801.	 Nitrate in soil 0-3'

2. Ammonium in soil 0-3' 53
3. Expected N mineralization 65
4. N in irrigation water 40
5. Manure or organic fertilization 0
6. Crop residue breakdown 15

Total N supply (sum B1 through B5) 253
C. N chemical fertilizer requirement;

estimated requirement (a) minus the
total soil and water nitrogen supply (B)

67

D. Actual plant N content at harvest 320
45.7 tons/ac x 7.07 lb plant N/ton
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incorporated into the soil in the form of onion tops. The nitrogen budget (Table 5)
suggests that 67 lb of fertilizer nitrogen was needed for sugar beet production following
onions fertilized with 200 lb of urea fertilizer. Indeed these beets recovered an average
of 320 lb N/ac and produced 45.7 tons per acre with 14,264 lb of recoverable sugar.
The nitrogen budget underestimated the amount of N available and no fertilizer N was
required.

Through the use of a nitrogen budget approach, growers may be able to make
efficient use of soil and water nitrogen sources, thereby reducing N fertilizer costs and
optimizing beet yields and quality. Beets with the highest yields of recoverable sugar
also averaged only 190 ppm pulp nitrate content. Errors in underestimating nitrogen
supplies can be guarded against by routine petiole nitrate sampling.

"ON FARM" VALIDATION OF NITROGEN FERTILIZATION
RECOMMENDATIONS FOR SUGAR BEETS

Research shifted in 1994 and 1995 to demonstrate that high rates of
N-mineralization are taking place in growers fields, and that a deeply rooted crop such
as sugar beets could satisfy much or all of it's N requirements from a combination of
residual soil available N and mineralized N. Individuals that helped me in these efforts
included Monty Saunders from the Malheur Experiment Station OSU, ten growers in
1994 and eight growers in 1995, Dale Westermann from ARS in Kimberly, and
Amalgamated Sugar company employees Don Bowers, Del Traveler, Stacy Camp, Bill
Walhert, and Bob Huffaker. Financial support has been provided by ODEQ, the
Nyssa-Nampa Beet Growers Association, and the Amalgamated Sugar Co.

Introduction for "On Farm" Trials

Sugar beet nitrogen fertilizer guidelines are based on either fall or spring
nitrate-N levels to 3-foot depth in the soil and total plant needs estimated at 8 pounds N
per ton of beets. These assumptions provide an approximate N estimate which has
been useful for many years. In the cases where soil organic matter mineralization is
large compared with residual soil nitrate or fertilization, the current guidelines could
over- estimate crop fertilizer needs.

When sugar beets receive N in excess of their needs, total beet yield and leaf
growth are high, but both beet sugar content and total sugar yields can be depressed.
Extra nitrate and ammonium in the beet pulp reduce sugar factory efficiency.

Objectives for "On Farm" Trials

The objectives of this study were to examine the amount and importance of N
mineralized from soil organic matter in commercial sugar beet fields and to make
observations of sugar beet plant N uptake in N fertilizer trials conducted by beet
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fieldmen in commercial fields to improve our understanding of beet responses to N
fertilizer.

Procedures for "On Farm" Trials

Sugar beet fieldmen are conducting N fertilizer rate trials in growers fields.
These trials have the basic structure of large plots with several N rates and one to three
replicates. In general the recommended N fertilizer rate is based on the soil nitrate
present in the soil profile to a depth of 3 feet in each field and a yield goal for that field.
Other large field plots are treated with twice the recommended N rate, half the
recommended N rate, and no fertilizer as the check. In a few fields with high residual
nitrate, the fieldman and grower opted to leave all plots as unfertilized check plots.
Twelve growers' fields were selected by sugar beet fieldmen between Brogan, Oregon,
and Burley, Idaho (Table 6).

The growers took care of all of the cultural practices and the fertilizers were
applied in cooperation with fertilizer industry representatives. Sugar beet fieldmen kept
track of crop progress and coordinated the harvests, collecting yield and quality data
based on the entire field plots. Beets were evaluated for total yield, tare, sucrose
content, conductivity, and beet pulp nitrate. Beet quality was determined in the
laboratories of the Amalgamated Sugar Co.

Additional work was done by OSU. The percent sugar extraction and
recoverable sugar were calculated based on empirical formulas. Soil samples were
collected in the spring for estimates of N mineralization via three methods: anaerobic
incubation, aerobic incubation, and the buried-bag method. At harvest soil samples
were collected to 3-foot depth to determine residual soil ammonium and nitrate. Twelve
to fourteen representative beets with their leaves and crowns were harvested from
each plot just prior to harvest. Leaves and crowns were dried, weighed, ground, and
analyzed for total N content. The remaining beets were weighed, ground, and a
subsample was weighed wet and oven-dried to determine dry matter content, then
analyzed for total N content. Beet N uptake per acre in the leaves, crowns, and beets
was calculated based on the clean beet yield of each plot, on the proportion of beets to
crown and leaves in the tissue samples, and on the tissue sample N contents.

Total available soil N supply was calculated based on the sum of spring available
nitrate and ammonium, any applied fertilizer N, and N mineralization (estimated by
anaerobic incubation or seasonal N balance). Nitrogen use efficiency in percent was
calculated for each plot by dividing the total plant N uptake by the total available N
supply for each plot and multiplying by 100.

Results and Discussion for "On Farm" Trials 

Spring soil nitrate N ranged from 85 to 284 lb N/acre, depending on the field
(Table 7). Optimistic yield goals ranging from 28 to 40 tons of beets per acre implied N
fertilizer needs of 0 to 216 lb N/acre. The lowest applied N rates were as low as 0 lb
N/acre at nine of the twelve sites.
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The 1994 season was favorable for high yields (Table 8), and all cooperating
growers kept weeds and diseases under control. The highest-yielding N fertilizer rates
in 1994 ranged from 0 to 205 lb N/acre depending on the field studied. Sugar beet
response to N fertilizer in fields of growers #1, #2, and #3 is typified by beet yield and
recoverable sugar responses in Figures 1 and 2. The absence of positive response to
N fertilizer found in several fields is characterized by grower #11's field in Figures 3 and
4. Beet pulp nitrate at 0 applied N suggested that there was extra N supplies in five
fields without any fertilizer nitrogen (Table 8). The optimal N rate was determined
independently for each field. Beet plants at the optimal-applied N levels for ideal yields
contained 184 to 426 lb N/acre at harvest depending on the field (Table 9). Estimates
of N mineralization ranged from 61 to 304 lb N/acre depending on the field and method
(Table 10). Nitrogen mineralized ranged in the same order of magnitude as residual
soil nitrate.

At the most productive N level tested at each site, sugar beets were able to
recover between 48.9 and 88.8 percent of the estimated total N supply (based on the
sum of soil nitrate and ammonium to the 3-foot depth, fertilizer N, and N mineralization
in Table 9). Efficiencies less than 75 percent appear to be related to very high N supply
at 0 N applied, irrigations in excess of evapotranspiration, or sugar beet cyst
nematode. The two fields with strong N fertilizer responses had relatively low efficiency
of available N utilization, suggesting that some management factor other than N
application contributed to N responses observed.

NITROGEN RECOVERY IMPLEMENTATION

Currently there are 12,000 acres planted to onions in Malheur County each year.
About half of the onion acreage is now followed by sugar beets. As recently as 1991
sugar beet acreage received on average over 200 lb N/ac. Many growers are now
voluntarily applying little or no N fertilizer to sugar beets following onions because they
understand when and where it is in their interest to reduce nitrogen fertilizer inputs.
The fields with reduced nitrogen fertilizer produce in general as much or more sugar
than heavily fertilized fields. The sugar beet crop in these fields functions as a net "sop
up" crop, with net nitrogen extraction and removal to the beet processing factory. The
outcome of this project is towards reduced nitrate leaching risks over large acreages.

Not all growers have bought into the idea of reduced nitrogen applications for
sugar beets and such changes are not without risksto the grower of reduced yield and
income. Predictions of nitrogen fertilizer needs for sugar beets can be further improved
with better scientific knowledge of N-mineralization as it occurs in growers fields.
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Table 6. Characteristics of 12 sugar beet fields used for soil N
mineralization studies in 1994. Malheur Experiment

Location Soil texture pH
Organic
matter

Soil
depth Variety

Planting
date

Irrigation
system Comments

Previous
crop

%

Burley

Minidoka

sandy loam

silt loam

8.4

8.0

1.25

1.5

> 6'

2.5'

MH 9455

PM-9

April 11

March 19

side roll

side roll

cyst nematode

rock at 2-3'

Beets

Wheat

Minidoka silt loam 8. 0 2.35 2.5' WS91 March 20 side roll rock at 2-3' Wheat

Jerome loam 7.55 1.05 2.5' WS91 April 25 side roll rock at 2-3' Potatoes

Nyssa silt loam 7.65 1.4 >6' PM-9 last week March furrow Onions

Ontario-Vale fine sandy loam 7.5 1.6 >6' PM-9 March 7 furrow Onions

Ontario-Vale silt loam 7.75 2.2 >6' PM-9 March 12 furrow Onions

Ontario-Nyssa fine sandy loam 7.4 1.75 >6' PM-9 2nd week March furrow Onions

Nyssa silt loam 7.9 2.1 >6' PM-9 March 26 furrow B deficient Potatoes

Vale silt loam 7.6 2.05 >6' PM-9 March 18 furrow Onions

Brogan silt loam 7.6 1.6 >6' RSW-81 March 14 furrow Onions

Ontario silt loam 7.6 1.5 >6' PM-9 April 5 furrow Beans

Table 7. Optimistic yield goals, soil nitrate, recommended N
fertilizer rates, grower's preferred N fertilizer rates,
and best fertilizer N rates for 1994. Malheur Experiment

Location
Optimistic
yield goal

Soil
nitrate 0-3'

Total N needed
for optimistic

yield goal

Recommended N
fertilizer for optimistic

yield goal

Growers'
preferred

N rate

Lowest N
rate used in

1994 trial

Highest
yielding N rate
for 1994 trial

Field
t/ac lb N/ac

40
1 Burley 28 164 224 60 80 0

2 Minidoka 35 171 280 109 110 0 110

3 Minidoka 35 85 280 195 205 80 205

4 Jerome 35 155 280 125 50 0 25

5 Nyssa 40 207 320 113 - 0 0

6 Ontario-Vale 40 284 320 36 75 0 0

7 Ontario-Vale 40 238 320 82 0 0 0

8 Ontario-Nyssa 40 148 320 172 - 60 60

9 Nyssa 40 165 320 154 - 60* 80

10 Vale 40 356 320 -36 150 0 0

11 Brogan 35 165 280 115 100 0 0

12 Ontario 40 104 320 216 - 0 0

*Boron deficient part of field.

Field

1

2

3

4

5

6

7

8

9

10

11

12
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Table 8. Beet yield and quality at the best N rate for each of 12
growers' fields. Malheur Experiment Station, Oregon State

Summary of characteristics Highest yielding plant performance
Optimistic Soil nitrate Most productive N Clean beet Recoverable Pulp

Field Location yield goal 0-3' rate for 1994 trial yield Sucrose Conductivity Extraction sugar nitrate
t/ac lb N/ac lb N/ac t/ac % % lb/ac ppm

1 Burley 28 164 40 24. 0 16.9 0.73 86.4 6,998 187
2 Minidoka 35 171 110 35.5 18.1 0.73 86.5 10,799 148
3 Minidoka 35 85 205 39.2 17.4 0.9 84.2 11,479 na
4 Jerome 35 155 25 32.7 16.8 1.00 82.8 9,064 411
5 Nyssa 40 207 0 31.3 15. 0 0.84 84.7 7,950 552
6 Ontario-Vale 40 284 0 40.9 15.8 0.87 84.4 10,925 483
7 Ontario-Vale 40 238 0 34.8 13.7 1.09 81.0 7,708 701
8 Ontario-Nyssa 40 148 60 39.0 16.7 0.68 87.1 11,342 294
9 Nyssa 40 165 80 33.4 16.2 0.72 86.4 9,372 283
10 Vale 40 356 0 38.3 14.8 0.98 82.7 9,406 581
11 Brogan 35 165 0 29.4 14.9 0.95 83.1 7,280 629
12 Ontario 40 104 0 45.6 16.2 0.75 86.1 12,732 175

Table 9. Comparison of soil nitrogen supply, beet plant nitrogen
content, and N use efficiency at harvest for beets grown
at the highest-yielding N level in 12 fields. Malheur

Best plant
performance N supply Plant N content

Most
productive

Spring
soil Spring soil Estimate of Total

Total plant N
content at

Beet Recoverable N rate for nitrate -N ammonium N-mineralization available harvest per N use
Field Location yield sugar 1994 trial 0-3' -N 0-3' (anaerobic) N supply Leaves Crown Beets Total ton of beets efficiency'

Vac lb/ac lb N/ac lb N/ac lb N/ac lb N/ac lb Mon %

1 Burley 24.0 6,998 40 164 23 112 339 70 20 94 184 7.65 54.2

2 Minidoka 35.5 10,799 110 171 17 172 469 63 18 148 229 6.65 48.9

3 Minidoka 39.2 11,479 205 85 14 167 470 98 23 187 308 7.82 65.4

4 Jerome 32.7 9,064 25 155 16 135 311 103 15 145 263 8.07 86.1

5 Nyssa 31.3 7,950 0 207 64 88 359 127 18 150 295 9.42 82.3

6 Ontario-Vale 40.9 10,925 0 284 30 149 459 122 19 225 366 8.93 79.9

7 Ontario-Vale 34.8 7,708 0 238 32 251 520 162 17 197 376 10.87 72.4

8 Ontario-Nyssa 39.0 11,342 60 148 48 115 390 111 23 180 314 8.06 80.5

9 Nyssa 33.4 9,372 e.o 165 31 97 373 87 27 129 243 7.26 65.9

10 Vale 38.3 9,406 0 356 39 236 602 165 35 226 426 11.06 70.8

11 Brogan 29.4 7.280 0 165 48 224' 437' 100 37 164 301 10.08 68.9'
12 Ontario 45.6 12,732 0 104 49 292' 445' 123 46 226 395 8.65 88.8'

'N mineralization estimate by season-long N balance.

'Total plant N content as a percent of the total available N supply.
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Table 10. Estimates of N mineralization made in 12 growers'
sugar beet fields by four different methods. Malheur
Experiment Station, Oregon State University, Ontario,

N-mineralization estimate

Grower Lo.:ation Soil texture Organic
matter

Anaerobic
incubation

Aerobic
incubation

Available nitrogen
balance

Buried bags

% lb N/ac 	

1 Burley sandy loam 1.25 112 170 - -

2 Minidoka silt loam 1.5 172 155 - -

3 Minidoka silt loam 2.35 167 137 - -

4 Jerome loam 1.05 135 132 283 110

5 Nyssa silt loam 1.4 88 120 238 -

6 Ontario-Vale fine sandy loam 1.6 149 182 238 -

7 Ontario-Vale silt loam 2.2 251 298 304 -

8 Ontario-Nyssa fine sandy loam 1.75 115 134 125 -

9 Nyssa silt loam 2.1 97 110 61 -

10 Vale silt loam 2.05 236 291 251 -

11 Brogan silt loam 1.6 - - 224 -

12 Ontario silt loam 1.5 159 123 293 255
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Yield Sugar

Figure 4. Recoverable sugar response to
N fertilizer in grower's field #11, 1994

11111 O N	 75 N	 150 N 300 N■++ 0. 300 N0 N	 75N C	 I 150N

Figure 1. Yield and sugar response to
N fertilizer in grower's field 112, 1994.
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Figure 2. Recoverable sugar response to
N fertilizer in grower's field #2, 1994.
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Figure 3. Yield and sugar response to
N fertilizer in grower's field #11, 1994
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A Statistical Evaluation of the Water
Quality Impacts of Best Management

Practices Installed at Tillamook County
Dairies

Presented at the James A. Vomocil Water Quality Conference
November 17, 1995

Jadene Dorsey-Kramer
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The Rural Clean Water Program (RCWP) was a ten year effort to promote the use of on-
farm pollution avoidance practices to improve water quality. The program was initiated in
1980. Nationally, the completed project provided $64 million in cost-share funds through
the Agricultural Stabilization and Conservation Service (ASCS) which was allocated to
twenty-one watershed projects across the United States including the Tillamook Watershed
Project, in Oregon.

OBJECTIVES

The objectives of this project, were first, to evaluate the water quality of the Tillamook
tributaries over a thirty-three year period and secondly, to determine the effectiveness of
the Best Management Practices (BMP's) installed, during the 1980's, at the dairies to
prohibit manure from entering the streams.

BACKGROUND

To begin, some background information about the situation in Tillamook is essential.
Tillamook is located on the northwestern coast of Oregon. It has a maritime climate
characterized by wet winters and dry summers. Tillamook County receives on average
115 inches of precipitation per year, and ranges from 90 inches in downtown to 150
inches at higher elevations. The Tillamook estuary is the third largest in Oregon with an
estimated 9,000 acres of surface water at high tide (Kelch, 1977).

There are five major rivers that drain into Tillamook Bay. The Miami is located at the
northern end of the Bay and the four others enter at the south-east end of the bay. They
are the Kilchis, the Wilson, the Trask and the Tillamook rivers.

In 1992, there were an estimated 22,000 dairy cows in Tillamook producing an average of
330,000 tons of manure each year (Spooner, 1993). During prolonged or heavy
rainstorms, which are common in Tillamook, the soil becomes saturated with water and
overland flow can transport manure to the streams.

Many contaminants present in manure are harmful when they escape into surface and
ground waters. The pathways for contaminants are through filtration and run-off after the
soil becomes fully saturated with water. A water quality concern has been created by the
excessive manure production in Tillamook that eventually flows to the bay.
Recreational clam digging, fishing and boating occur in Tillamook bay. The Bay also
supports Oregon's primary oyster growing area and a $2 million dollar annual
commercial shellfish harvesting industry (USDA, 1991).

Since the 1920's, coliform organisms have been used as a water quality indicator for fecal
contamination of freshwater, sea water and wastewater (APHA, 1992). Although it is
important to note that the presence of fecal coliform bacteria can not

1. Jadene Kramer is a Graduate Research Assistant in the Bioresource Engineering Department at Oregon
State University.
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identify the source of the fecal waste. These bacteria are commonly found in humans,
animals and the environment.

The Oregon Administrative Rules regulated a fecal coliform median concentration at 14
organisms per 100 ml ir shellfish producing waters (OAR, 1994).

Several regulatory agencies have been monitoring the water quality in Tillamook and
recording the results since 1960. There are 18 sampling sites in the Bay and 89 sites on
the tributaries. The Bay has been closed on several occasions due to water quality
concerns.

After many studies and numerous years, it was determined that the manure in the runoff
that reaches the streams was causing a majority of the water quality problems.

RURAL CLEAN WATER PROTECT

Therefore, in 1980, the Rural Clean Water Program (RCWP) was initiated. It was a 10
year effort to promote the use of on-farm pollution avoidance practices at the dairies. The
goal of the project was to decrease the number of bacteria entering the basins surface
water by 70% using manure management systems and practices. As of 1990, the federal
government had contributed $6.1 million of the total $8.9 million dollars spent on the
Tillamook project budget.

Of the 131 dairy farms in Tillamook County, 105 participated in this project. The
majority of the funds were spent on animal waste management. Some examples are
storage tanks, roofing and storage of dry manure, liquid manure surface spreaders, and
manure sprayers.

SAS MODEL

Now that these BMP's are installed, it was necessary to determine if they were doing their
job. There have been other studies performed with portions of the Tillamook data that
have concluded either, there are no trends, or slight trends that are not statistically
significant.

This statistical model merged the STORET data compiled by the Department of
Environmental Quality (DEQ) and the precipitation data from the State Climatologist.
The first step was to calculate a five day antecedent precipitation value for every
STORET datum. Then, the natural log of the fecal coliform concentration was calculated
for each day. This is the best way to determine trends with fecal coliform concentrations
so that extreme outliers will not effect the results.

The next step was to determine which variables would be important to include in a
statistical model. Precipitation data are extremely valuable because of the high rainfall
that occurs in Tillamook. When precipitation is increased, the more likely you are to
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have run-off and therefore increased manure entering the streams. Similarly, seasons are
a major factor. The winter are wet and the summers are dry. Next, I thought about the
goal of this project, were the BMP's prohibiting manure from reaching the streams. I
decided to separate the Tillamook stations into three areas.

The first area would include most of the dairy lands that had BMP's installed on them.
The second area contained the stations located upstream from the dairy operations.
Factors that may effect the fecal coliform concentration in the upstream area, include; elk
herds, septic systems and recreational use. The stations located downstream from most
dairy operations, like stations at Highway 101 and next to the Bay were grouped into the
downstream area. After running the model, it was found that the specific station location
was also important so it was included in the model.

The change over time is an important component. A time needed to be chosen to
represent the BMP installation. January 1985 was chosen as the date of BMP installation
for two reasons. First, because of the lack of STORET data collected between 1981 and
1984 and second, the lag time needed to install enough BMP's to see results.

With a tremendous amount of help by Scott Urquhart of the Oregon State University,
Statistics Department, I learned how to use the Statistical Analysis System (SAS)
software. It was decided that a General Linear Model (GLM) was best suited to evaluate
this dataset.

The output examined both sequential and partial sums of the squares (SS). Sequential SS
analyzes variables that are added in sequence to a regression model. The partial SS
analysis creates each regression coefficient as though each corresponding variable was the
last to enter the equation. It illustrates the relative effects of each variable independently
of the others.

Statistical significance is created when the P-value is compared to a fixed value. The fixed
value announces in advance how much evidence against H o is desired. The scientific
community uses a fixed value of 0.05. It is important to note that any fixed value can be
used, however, 0.05 is commonly used as a statistical significance standard. The fixed
value gives evidence against H o so that it would happen no more than 5 % of the time, by
chance. The p-value is one-sided.

The easiest way to discuss the output of the SAS analysis is to view the effects that one
variable has on the estimate of the natural log of the fecal coliform concentration at an
individual station, then describe the effects of each variable as it is added to the equation.

The downstream area station, Wilson River at Highway 101 was chosen as the
representative station. It had 156 sampling observations between 1960 and 1992.
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Figure 1 indicates the effects that antecedent precipitation have on the natural log
of the fecal coliform concentration. This chart is simplified by using incremental
precipitation values so that the trends can be seen. It indicates that prior to 1985, the
natural log of the fecal coliform concentration was increasing with an increase in the 120
hr precipitation. This suggests as rain increases, there was an increase in the fecal
coliform concentration at the sampling station. When precipitation increases, the soil
becomes saturated and overland flow occurs. This run-off would carry manure deposited
on agricultural lands to the streams, increasing the readings. It also shows that there was
a decrease in the natural log of the fecal coliform concentration after BMP installation.
Using the same logic as previously, fewer fecal coliforms are reaching the streams. The
overland flow that occurs with increased precipitation did not contain high fecal coliform
concentration due to the manure management at the dairies. Therefore the added run-off
dilutes the existing stream fecal coliform concentration.

Wilson River (D412130): Simplified
Representation of the Effects of Prec_120 on

the Natural Log of the FC Concentration

3 -

2.75 -

2.5 ,

PRE-BMP --POST-BMP
2.25 -

1.75

1.5 	

	

0	 100	 200	 300	 400	 500	 600

Figure 1: Effects of precipitation on the estimates for the natural log of the fecal coliform
concentration

When the season variables are added, the equation calculates four separate lines, where
each line represents a season. However, the only effect on the equation is the change in
the intercept. The lines represent Summer, Autumn, Spring and Winter. Figure 2
demonstrates the Pre-BMP effects, which shows an increase of natural log of the fecal
coliform concentrations with increased precipitation rates. Figure 3 demonstrates the
post-BMP seasonal effects which indicates a decrease in the natural log of the fecal
coliform concentrations with an increase of precipitation.
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Seasonal Effects on Wilson River Station
(D412130) after MVP installation
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Wilson River (D412130): Seasonal Effects of Prec_120
on the Natural Log of the Fecal Colifonn Concentration
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Figure 2: Effects of season on the estimates of the natural log of the fecal coliform
concentrations before 1984

Figure 3: Effects of season on the estimates of the natural log of the fecal coliform
concentrations after 1984
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Tributary Model: Effects of Time on the Natural Log of the
Fecal Cohform Concentration at Wilson River (D41 X130)
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The final variable to evaluate is time as a continuous variable. The original data is
included to evaluate the estimates of the natural log of the fecal coliform concentrations
in Figure 4. There is a slight downward trend over the entire time period. The slope after
1984 is slightly steeper than the pre-BMP slope.

Figure 4: Estimates of the natural log of the fecal coliform concentrations

However, Figure 4 does not represent the entire picture. Mathematically, the time
components generate a third dimension. Figure 5 demonstrates the entire picture; a plane
with two slopes. Even though it decreases over time, it increase with precipitation prior
to BMP installation, and decreases after BMP installation.
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3-D Reduction of the Natural Log of the Fecal
Coliform Concentration in Winter 

4 2-4 6
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RESULTS FOR 19 - 92 ( STATION

The Best Reduction of the Natural Log of the Fecal
Colifornz Concentrations Occurred During the Winter

120 Ilr.
PreLip.

Low	 20.57% 15.44%
High	 94.42% 17.14% 21.92% 30.28%

Autumn Winter

Figure 5: 3-D estimates of the natural log of the fecal coliform concentrations in Winter

The overall percent reduction of natural log of the fecal coliform concentrations for each
season are represented in Figure 6. In each case there is a 2 - 4 % greater reduction
during higher precipitation rates. Remember, this is the percent reduction of the natural
log of the fecal coliform concentrations, when the exponential is calculated, the numbers
will be larger due to mathematics.

Figure 6: Percent reduction of the natural log of the fecal coliform concentrations using
33 years of data
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RESULTS FOR STATIONS

The Best Reduction of the Natural Log of the Fecal
Conform Concentrations Occurred During the
Winter

120 Hr. Spring Summer Autumn Winter
Preap.

Low 17.66% 14.45% 15.91% 19.98%
20.54% 16.94% 18.57%

This evaluation was performed on two subsets of the original data. The first
modification was to view the stations that had data both before and after BMP
installation. Suprisingly, only 14 of the 55 stations fit this profile. Six each in the
downstream and agricultural areas and only 2 in the upstream area. The model was still
statistically significant, however, produced lower overall percent reductions (Figure 7).

Figure 7: Percent reduction of the natural log of the fecal coliform concentrations for 14
stations model

The second modification was to shorten the control period to 10 years. The pre-
BMP period was from 1975 to 1984, and the post-BMP period was from 1985 to 1992.
All 55 stations were used in this modification. This also was statistically significant
however produced the best results (Figure 8).
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RESULTS FOR 19 - 1992

The Best Reduction of the Natural Log of the
Fecal Coltform Concentrations Occurred
During the Winter

120 Hr.
Frecip.

Low
igh

Spring Summer
26.66% 21.51%
31.09% 25.25%

Autumn
24.82%
29.01%

Winter
30.96%
35.92%

RESULTS FOR 19	 92	 STATIONS)

The Reduction of the Fecal Coliform Concentrations

120 Hr.
Frecip. Spring Summer Autumn Winter
Low 62.33% 58.85% 61.67% 65.84%
High 69.82% 62.67% 69.01% 72 .39%

Figure 8: Percent reduction in the natural log of the fecal coliform concentrations for 18
year time period

The exponential of the natural log of the fecal coliform concentrations were back
calculated to produce the estimates for the fecal coliform concentrations. Figure 9
represents the percent reduction of the fecal coliform concentrations for the original
model.

Figure 9: Percent reduction in the fecal coliform concentrations for 33 year time period
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CONCLUSION

In conclusion, the BMP's installed at the Tillamook County dairies have improved the
water quality. Improvements are expected to continue until all BMP's are installed by
1996. Then the focus needs to shift to management and upkeep of the existirg BMP's.
This point can not be over stressed. The BMP's must be well managed and updated to
continue to provide the effectiveness that they were installed.
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The Potential of Off-Stream Livestock Watering
to Reduce Water Quality Impactsl

Derek C. Godwin and J. Ronald Miner2

Abstract

Small commercial and non-commercial animal enterprises (SCAEs) are often
located in suburban watersheds. They raise a small number of animals on a few acres and
show potential water quality impacts from their manure management. A typical pollution
abatement practice includes fencing livestock from streams and providing an off-stream
watering area. However, this practice becomes very costly for implementation and
maintenance on an individual or watershed scale. An alternative is to provide off-stream
watering areas without fencing to lure animals from the stream. This project
demonstrated that off-stream watering areas are an effective alternative in reducing time
animals spend at the stream under small acreage grazing conditions. In addition, a
pasture pump was demonstrated to be a viable alternative type of off-stream watering
device. These animal operated devices pump water from the creek and hold the water in
a small basin. They potentially reduce implementation and maintenance costs of
installing typical watering facilities.

Introduction

Small commercial and non-commercial animal enterprises (SCAEs) raise a few
beef cows, horses, pigs, sheep, poultry, and other animals on a few acres. These
enterprises are often located in suburban areas of watersheds and show potential for
degrading water quality through increased bacterial, nitrogen, and phosphorus
concentrations. Many SCAEs allow animal access to streams for watering. Since animal
manure is a source of bacteria, nitrogen, and phosphorus that impact water quality,
reducing manure deposits in the stream and riparian area is desirable.

The most common practice to limit animal access to streams is to fence the stream
area and provide off-stream watering. This practice is effective in reducing animal
impacts to water quality. However, the cost of implementing and maintaining the fence
can be prohibitive, especially if implemented on a basin wide level.

An alternative is to provide off-stream watering areas to lure animals away from
the stream without denying access. This is obviously less expensive than fencing, but

1 Technical Paper No. 10,872, Oregon Agricultural Experiment Station, Corvallis, Oregon.

2 Watershed Management Extension Agent, Oregon State University, Curry County, OR and Professor, Bioresource
Engineering Department, Oregon State University, Corvallis, Oregon.
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how effective is the practice? This project evaluates the effectiveness of providing off-
stream watering areas to reduce time animals spend at a stream without denying access.

Providing off-stream watering areas for animals usually require one or more
watering tanks and fresh water pumped from a household water supply or stream. Uven
the expense of setting up and maintaining these watering systems, landowners may not
change their present practices of allowing animal access to the creeks. An alternative off-
stream watering system is an animal operated diaphragm pump and no water tanks. This
type of pump, referred to as a pasture pump, has a basin of water (1-2 pints) from which
animals drink. The animal controls the amount of water pumped. Two of the questions
often raised by SCAEs are; Does the pump limit animals' water consumption? Since
only one animal can access the pump at a time, would animals drink more water from an
open trough or tub than the pasture pump? This project compares water consumption of
dairy heifers from a pasture pump and a water trough. The project also uses the pasture
pump as an off-stream watering device to lure horses from the stream to reduce water
quality impacts.

Background

Livestock pose a threat to the health of other animals and humans. Their manure
contains enteric and possible pathogenic bacteria, nitrogen, and phosphorus that may pass
via water to animals and humans. Animal wastes from diseased or disease carrying
livestock are capable of spreading a large number of bacteria-causing diseases, including
salmonellosis and leptospirosis to other animals or humans (Moore et al, 1988). Bacterial
contamination of surface and groundwater by runoff and seepage from livestock
operations is possible. For example, Miner et al. (1967) showed beef feedlot runoff to
contain a species of Salmonella.

Nitrogen, in the form of nitrate (NO 3), is water soluble and a threat to surface and
groundwater quality. The standard for nitrate nitrogen in drinking water is 10 mg/1
nitrogen (45 mg/L nitrate). Phosphorus is a threat to water quality because it's often a
limiting nutrient for algae. Both nitrogen and phosphorus in surface waters can cause an
abundance of algal blooms that reduce dissolved oxygen concentrations and light
penetration, and threaten the health of fish and other aquatic life in streams.

Several studies have estimated the manure distribution patterns in pastures.
Continuous grazing systems allow cattle to roam over an area and cause the quantity of
vegetation to differ within the area. Rotational grazing systems use fences and watering
areas to manage cattle for a more uniform distribution and equal quantity of vegetation
grazed in each area. Rotational grazing systems vary in intensity by the size of grazing
areas and time interval of rotation. Walker et al. (1985) found short duration rotational
grazing provides a more uniform distribution of manure over each area than continuous
grazing. This is due to animals walking farther and having greater variability in their
travel distance for the continuous grazing system.
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Miner et al. (1992) evaluated the effectiveness of an off-stream watering area in
reducing the time a group of hay-fed but free-ranging cattle spent in or immediately
adjacent to the stream during the winter months. They theorized if the cattle spent less
time in or immediately adjacent to the stream, then the manure defecated in this area
would also be reduced. The study was conducted over eight days, from late January to
early February, using two different pastures. The control pasture had no water tank, and
the animals used the stream for watering. The second pasture had a water tank, and the
animals had a choice between watering at the creek or using the tank. The time cattle
spent in the creek with an off-stream watering area was 94% less than the time cattle
spent in the creek without an off-stream watering area. Even when the feed source was
placed equal distance between the water tank and the stream, the water tank was effective
in reducing the time cattle spent in the stream.

Methodology

The off-stream watering area studies assume the distribution of manure in
SCAEs' pastures are proportionate to the time the animals spend in a particular area.
Therefore, if the off-stream watering area reduces the time an animal spends in the stream
or riparian area, then the amount of manure deposited in this area is also reduced. The
off-stream watering area studies were conducted at two SCAEs in the Tualatin River
basin outside of Portland, Oregon. The water consumption study was conducted at the
Oregon State University Dairy in Corvallis, Oregon.

Off-Stream Watering Study Number One

The amount of time four beef cows (averaging 283 kilograms) spent within 4.6
meters (15 feet) of a stream, with and without an off-stream watering area available, was
evaluated. The cows grazed a three acre pasture. A water trough was located
approximately 23 meters (75 feet) from the creek access area and outside of the animals'
normal path to the creek. The stream and an adjacent grazing area was fenced except for
a walkway, or chute, that allowed one animal to enter or leave the area at a time. The
stream-side area was approximately 9.3 square meters (100 square feet) and allowed all
four cows to loiter and have stream access at the same time. This stream-side pasture was
thoroughly grazed prior to the study. A CR10 datalogger, distributed by Campbell
Scientific, Inc., and two light beam counters were attached to the chute. When the light
beams were broken, the datalogger recorded the date, time, and direction the cows were
moving in relation to the stream. The data were transposed to give the minutes the
animals spent at the stream.

The study was conducted from August 7, to September 18, 1993. First, no water
trough was available and the cows had to water at the creek. Nine days were allowed for
the cows to adjust, then data were collected for 17 continuous days. Subsequently, a
water trough was provided and the animals could water at the creek or water trough. Six
days were allowed for the cows to adjust, then data were collected for 11 continuous days.

84



Daily high and low temperatures from the nearby Hillsboro airport were also recorded.
The airport is lower in elevation than the study site.

Off-Stream Watering Study Number Two

Two full grown horses' water consumption from an animal operated diaphragm
pasture pump was monitored under different pasture management scenarios. The pump
was placed approximately 175 feet from the point of creek access. The pasture pump
pulled water from a calibrated water trough allowing the consumption of water to be
monitored. The horses always had access to the pasture pump, but never had access to
the water trough. The calibrated water trough was located next to the stream and in
shade.

For the control scenario, the horses accessed only the pump and grazed both a wet
pasture (1 1/2 acres) and a drier pasture (1 1/2 acres). For the second scenario, the horses
accessed both the creek and pasture pump and grazed just the wet pasture. For the third
scenario, the horses accessed both the creek and pasture pump and grazed just the dry
pasture. Under all scenarios, the horses could graze between the pasture pump and creek.

The control scenario was monitored for 30 days, wet pasture scenario for seven
days, and drier pasture for eight days. The study was conducted from August 4 to
September 17, 1993. Daily maximum and minimum temperatures from the Hillsboro
Airport were recorded. These locations were lower in elevation than the study area.
Evaporation data was not collected because it is based heavily on wind and sun
conditions and is measured in the open. Daily evaporation from the water trough was
assumed to be minimal since the trough was protected from wind and sun.

Pasture Pump Water Consumption Study

The water consumption of 27 Holstein dairy heifers from an open water trough
and a pasture pump were monitored and compared. The pasture pump used was a Utina
M pasture pump distributed by Farm Trol Equipment Company of Theresa, Wisconsin.
The 27 heifers averaged 386 kilograms (850 pounds) and were 15 to 16 months old. The
heifers had access to an approximate 2.4 hectare (6 acre) pasture. The pasture was
irrigated as needed during the course of the study.

The water trough had a capacity of 374.5 liters (99 gallons) with surface
measurements of 132 by 81 centimeters (52 by 32 inches). The pasture pump was
attached to plywood and placed over the water trough when in use. The plywood denied
animal access to the water trough, but the pump used the trough's water as the water
source.

The heifers were given approximately two weeks of alternating between the
pasture pump and water trough before water consumption data were recorded. Learning
time and animal behavior were observed during this period.
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Volume of water consumption from the water trough and pasture pump were
calculated by taking water depth measurements in the trough. Measurements were taken
at approximately 0830, 1130, 1430, 1730, and 2030 hours each day. The pump was
placed on, or taken off the water trough, at the 1130 hour. The study was conducted for
13 days from 1130 on July 9 to 1130 on July 23,1993. The water depth measurements
were converted to volume by calibrating the water trough. Trough calibrations were
conducted by measuring the change in water depth per 23.4 liters of water added. Data
collected included the date and time of measurements, depth of water in the tank, daily
maximum and minimum air temperature, and any depth of precipitation greater than trace
amounts. Any observed factors that could have altered the amount of water consumed by
the animals were also noted (weather conditions, irrigating the pastures, etc.)

Results and Discussion

Off-Stream Watering Study Number One

When the cows had no off-stream watering area, the time four cows spent at the
stream averaged 60 minutes with a standard deviation of 29 minutes (Table 1). When
given the choice of watering at the trough or at the stream, the total time they spent near
the stream was reduced to an average of 15 minutes with a standard deviation of 18
minutes.

Since the data contained outliers suggesting a non-normal distribution function, a
Wilcoxon Two Sample Rank Test was performed on the data. This test is non-parametric
and does not pivot on normality. The ranking of the data is shown in Table 1, while the
hypothesis test and results are shown in Table 2. The mean time the four cows spent at
the stream with the option of using the water trough is significantly different than without
the water trough option. These results were significant at the 99% confidence level using
an alpha of 0.01. No correlation between daily maximum and minimum temperatures
and time spent near the stream was determined.
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Table 1. Data for off-stream watering study number one. Four cows drink from a
stream with and without an off-stream watering area (watering trough)
available.

Cows Access Stream Only
Minutes at Stream

Day	 Minutes Rank

Cows Access Stream and Trough
Minutes at Stream

Day	 Minutes	 Rank

8/22/93 84 27 9/14/93 51 19
8/23/93 64 22 9/15/93 9 5.5
8/24/93 153 28 9/16/93 11 7.5
8/25/93 66 23 9/17/93 14 9
8/26/93 28 10 9/18/93 9 5.5
8/27/93 37 12 9/19/93 47 18
8/28/93 72 24 9/20/93 5 4
8/29/93 30 11 9/21/93 0 1
8/30/93 57 21 9/22/93 2 2
8/31/93 41 13 9/23/93 11 7.5
9/1/93 76 25.5 9/24/93 3 3

9/2/93 45 16 Rank Sum = 82
9/3/93 56 20
9/4/93 44 14.5
9/5/93 76 25.5
9/6/93 46 17
9/7/93 44 14.5

Average = 60 Average = 15
Std.Dev. = 29 Std.Dev. = 18

% reduction 75
Cows drink from creek (% of time) = 25

The time of day the four cows entered the stream zone was observed using the
data. No cows entered or exited the stream zone from sundown to sunrise the following
day. This was consistent with Miner et al.'s (1992) assumptions.
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Table 2. Wilcoxon 2 Sample Rank Test analyzing if a significant difference exists
between time four cows spend at a stream with and without an off-stream
watering area available.

Hypothesis Test
Ho: ul = u2
Hl: ul < or > u2
where:

ul is the mean minutes at stream with stream and trough access
u2 is the mean minutes at stream with stream access only

Test Analysis 
T1 = sum of ranks = 82
T2 = nl(nl+n2+1) - T1 =237
where:

n1 = number of observations for minutes at stream with stream and
trough access

n2 = number of observations for minutes at stream with stream
access only

Results 
at alpha = 0.01 level, T is 105 (Snedecor and Cochran, 1989)
T2 is greater than T at this level
Therefore, mean minutes at the stream with trough option is significantly
lower than minutes at stream without trough option at an alpha = 0.01 or
99% confidence level

As a matter of discussion, what is the reduced affect on water quality of
implementing the off-stream watering area compared to building a fence and watering
area, or maintaining the status quo. Godwin (1994) reviewed the literature and found that
beef cows defecate approximately 12 times per day. Considering beef cows mainly graze
during the day, we can estimate 12 defecations over a 12 hour period or one defecation
per hour. Based on this assumption, this study suggests the off-stream watering area
reduces the number of defecations in the stream from once daily to once every four days
(75%) for four beef cows. Fencing the cows from the stream would reduce direct fecal
deposits in the stream by 100%.

Since the amount of manure reduced from the stream is redistributed in the
pasture or at the watering trough, the effectiveness of this practice becomes dependent on
rainfall, runoff conditions, and distance to stream. Godwin (1994) reviewed the literature
on effectiveness of filter strips in reducing bacteria, nitrogen, and phosphorus from
runoff. Even though these values varied, it seemed bacteria is filtered from 95-100%,
nitrogen filtered from 70 - 100%, and phosphorus filtered from 70 - 100% from runoff
under most rainfall and runoff conditions. Since off-stream watering areas singularly and
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fencing with off-stream watering areas redistribute defecations into the pasture, they
would be similar in effectiveness of bacteria and nutrients filtered from runoff.

Off-Stream Watering Study Number Two

Daily water consumption of two full grown horses from a pasture pump averaged
24.4 liters (6.46 gallons) for the control scenario, 11.6 liters (3.06 gallons) for the wet
pasture scenario, and 20.3 liters (5.35 gallons) for the drier pasture scenario (Table 3).
When the horses were allowed access to the creek, the percent reduction in water
consumption from the pasture pump was 53% for the wet pasture scenario and 17% for
the drier pasture scenario.

Table 3. Average daily water consumption data for two horses drinking from a
pasture pump with and without creek access.

Daily Water Consumption

Liters
No Creek Access (30 days)

Average =	 24.4
Std. Dev. =	 13.4

Creek Access and Wet Pasture (7 days)
Average =	 11.6

Std. Deviation =	 7.5
% reduced	 53

Creek Access and Drier Pasture (8 days)
Average =	 20.3

Std. Deviation =	 8.4
% reduced	 17

Analyses of variance between the control (no access) and the test conditions were
conducted for the water consumption data (Table 4). There was sufficient evidence to
conclude that water consumption from the pasture pump under the wet pasture scenario
was significantly different (P-value = 0.0469) from the control (Table 4). There was
insufficient evidence to conclude that water consumption from the pasture pump under
the drier pasture scenario was significantly different (P-value = 0.4102) from the control
(Table 4). No discernible relationship existed between daily maximum and minimum
temperatures and water consumption.

This study indicates that the off-stream watering area reduces the amount of time
the horses spend at the stream. The wet pasture scenario was not as effective as the drier
pasture scenario in reducing time at the stream. However, this may be due to the horses
having water to drink in the pasture or digesting more water from the forage.
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Table 4. Results of an Analysis of Variance test between water consumption by
two horses from a pasture pump with and without creek access.

Anova: Single-Factor
No creek access (control) versus creek access with wet pasture
Summary

Groups	 Count	 Sum	 Average	 Variance
Column 1	 30	 733	 24.4	 181
Column 2	 7	 80	 11.4	 38.2

Source of Variation
SS	 df	 MS	 F	 P-value	 F crit

	Between Groups 959.892	 1	 959.892 6.142937 0.018162 4.121347

	

Within Groups 5469.081	 35	 156.2595

	

Total 6428.973	 36

Anova: Single-Factor
No creek access (control) versus creek access with drier pasture
Summary

Groups	 Count	 Sum	 Average	 Variance
Column 1	 30	 733	 24.4	 181
Column 2	 8	 162	 20.3	 70.2

Source of Variation
SS	 df	 MS	 F	 P-value	 F crit

	Between Groups 110.5281	 1	 110.5281 0.694312 0.410196 4.113161

	

Within Groups 5730.867 	 36	 159.1907

	

Total 5841.395	 37

Pasture Pump Water Consumption Study

The learning period for the heifers to use the nose pump was typically less than
one day. The short learning period might be due to the heifers' curiosity. A "pecking
order" among the cows was created at the pump. Less dominant heifers waited while
more dominant ones drank. No heifers showed physical signs of dehydration nor were
any animals injured. Two days were needed for less dominant heifers to establish a
routine of when to use the pump. Daily water consumption from the pump and from the
water trough were recorded from 1130 hours of one day to 1130 hours of the next day
(Table 5).
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Due to the small number of data sets for comparison and the large variability
between days suggesting non-normal distribution functions, the data were analyzed
qualitatively rather than quantitatively. Daily water consumption, average daily water
consumption, and standard deviation of daily water consumption from the pump and
water trough were compared (Table 5). The average water consumed from the pasture
pump is higher than the amount consumed from the water trough, indicating the pasture
pump does not limit the animals' water consumption. In addition, no significant amounts
of water being spilled or wasted from the pasture pump were observed.

Data were collected during the summer of 1993 when daily maximum and
minimum air temperatures ranged from 65 to 74°F (18 to 23°C) and 46 to 60°F (8 to
16°C), respectively. No correlation between daily air temperatures and water
consumption were determined. There was only one day of recorded rainfall (July 21)
which measured 0.41 inches (1.04 cm). The amount of water consumed on that day did
not seem affected. The pasture was irrigated on July 15, 16, and 19. However, water
consumption measurements did not seem affected.

Table 5. Daily water consumption from one pasture pump (pump on) or one open
water trough (pump off) by twenty seven Holstein dairy heifers from July 9
to July 23 (1130 to 1130 hours).

Pump On/Off Liters Pump On/Off Liters
Consumed Consumed

on 491 off 485
on 478 off 358
on 737 off 475
on
on
on
on

587
707
513
738

off 600

Average = 607 Average = 480
Std. Deviation = 118 Std. Deviation = 99
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Conclusion

These studies and Miner et al. (1992) confirm that off-stream watering areas will
decrease the time livestock spend at a stream. The amount of time decreased seems
influenced by location of watering area. Assuming the distribution of manure in a pasture
is correlated with the time an animal spends in an area, off-stream watering areas can
reduce water quality impacts.

The effectiveness of fencing animals from the stream versus no fence and
providing only off-stream watering areas seems to be minimal. Since both practices
redistribute defecations from the stream to the pasture, their effectiveness becomes
dependent on rainfall, runoff conditions, and distance to the stream. Under no runoff
conditions, the off-stream watering area is almost as effective as a fence in reducing
manure inputs to surface water. Considering the results of the study and the cost of
implementing and maintaining a fence, off-stream watering areas have a high potential in
reducing water quality impacts of livestock at a reduced cost.

These studies also illustrated that pasture pumps can be used in the off-stream
watering area instead of a water trough and provide similar environmental benefits. In
addition, pasture pumps seem to provide adequate water to maintain animals health.
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Furrow Mulching to Reduce Surface Water Pollution and Increase
Profitability

Lynn Jensen,
Malheur County Extension Agent

Clint Shock,
Malheur Agricultural Experiment Station Superintendent

Joe Hobson,
President, Hobson Manufacturing, Inc.

Mulching irrigation furrows with wheat straw to reduce erosion and increase water
infiltration has been practice for many years. Typically growers would take bales of straw
and scatter it on the upper and/or lower ends of the field by hand. That was a very tedious
and labor intensive process so the cost of mulching an entire field was prohibitive. IN the
middle 1980's an innovative grower decided to build a mechanical straw mulch
applicator. The success of his prototype changed the way we think about and handle
straw mulch. Since that time the practice of straw mulching irrigation furrows has
expanded dramatically. It is not often we have a practice that has so many benefits for the
grower economically, for the sustainability of the farm and for the protection of the
environment.

It is not often that a practice emerges with as many benefits as does straw mulch. It is an
economical practice for many growers as it increases their yields and net profits. It also
improves the sustainability of a field by dramatically reducing soil erosion and
environmentally it reduces sediment, nitrogen and phosphorus loading into runoff water
that eventually finds its way into our river systems.

The first demonstration trials were with onions and showed economic yield increases in 3
out of 4 years. Potatoes gave quality increases while sugarbeets and spring wheat gave
significantly higher yields.

Sediment loss from a field of onions grown on a 3% slope at the Malheur Experiment
Station was reduced from 148.7 tonJA to 7.4 tons/A. Nitrogen (both nitrate and
ammonium forms) and phosphorus loss from the field was essentially eliminated.

It is estimated that there are currently 59 mulching machines in use. If each machine
mulched 300 acres/year and the average sediment loss was 50 tons/A, then these
machines would be saving 885,000 tons of topsoil yearly from contaminating our river
systems. These numbers are conservative estimates of the potential for straw mulching
machines used under furrow irrigation.

November, 1995
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L
ess than one year ago a joint research effort that focused on the relationship between

land use practices and the temperature of streams was conceived by the departments

of Bioresource Engineering and Rangeland Resources at Oregon State University. This

research project has produced the first interaction of a stream temperature prediction

computer model which has become known as Heat Source. The ability to predict stream

temperatures by use of mathematical modeling proves valuable for land management

decisions. It is the overriding objective of this research effort to develop such a tool for

accurate temperature analysis of all stream systems.

Existing Water Temperature Standards

The existing temperature standards for the state of Oregon vary by basin,

dependent on the natural temperature regime and the limits of the aquatic ecosystems.

The maximum stream temperature permitted, above which no land use caused increase is

permitted, ranges from 58 °F to 72 °F (Oregon Department of Environmental Quality

1994). Maximum permissible stream temperatures for selected basins within the state of

Oregon are listed in Table 1.

Table 1. Oregon stream temperature
standards.

Western Oregon

Cascade Range

Eastern Oregon

Lower Willamette

Klamath basin
(non-salmonid)

58 oF

58 oF

68 oF

72 oF

72 oF
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Background

Non-point source stream temperature increase is directly related to land use and

management. Removal of vegetation cover along stream sides significantly increases the

maximum, and in some locations, the minimum stream temperatures during summer

months (Rishel et. al. 1982). Riparian vegetation serves to protect, or 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 5-180F

(Bestcha et. al. 1987).

Altered channel morphology is a secondary response to disturbance of stream side

vegetation. Reduced stream side vegetation promotes widening of the channel, which in

turn, increases the surface area exposed to solar radiation. The cumulative effect of

reducing the quality and quantity of stream side vegetation is: increased intensity of solar

radiation per unit stream surface area and possible channel widening, serving to increase

stream surface area exposed to solar radiation.

Stream system thermodynamics is the result of heat energy exchange between the

atmosphere, stream and terrestrial environment. Mathematical descriptions of these

energy processes provide insight as to the magnitude of impact, either by cooling or

heating, of each thermal process. Accurate quantitative accounting of the thermal energy

entering, leaving and stored in the stream system, implies understanding of the

complexities represented by individual stream system heat energy components.

Distinguishing heat energy components within the stream system requires development of

organized physically based algorithms and modeling processes.
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Heat Source describes, by use of mathematical modeling, the physical and

thermodynamic processes inherent to all stream, river and open channel systems.

Fundamental to this methodology is the assumption that accurate mathematical

descriptions of advection, dispersion and heat energy balance relationships are primarily

responsible for comprising the temperature of a stream system at any particular location

and time along a specified stream reach. Further, stream temperatures provide a direct

description of the individual physical and thermal processes occurring in a specific stream

system and the surrounding environment. The simultaneous one-dimensional transfer and

exchange of heat energy as reported by Bashar and Stefan (1993) is expressed in

Equation 1:

(Eqn 1) .

Ul	 (32T	 'energy 
= —U • 	

energy
x 

a2 c p d
Temperature Change	 Advection	 Dispersion	 Thermodynamic

Over	 = Heat Energy + Heat Energy + 	 Heat Energy
Time Change	 Transport	 Transport	 Exchange

where,
obtotal: Net heat energy flux

di : Average stream depth
dx: Length of parcel volume
U.: Flow velocity in x-direction
DL : Dispersion coefficient

p: Density of water
Cw : Specific heat of water
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An analytical solution for the governing energy equation does not exist, however,

numerical methods accurately estimate an explicit finite difference solution. When viewed

in context of a theoretical stream reach (Figure 1.), the numerical solution to the energy

equation becomes intuitive.

,	 cr) energy
—=-.

a	 x	 a2 
+ 

c„,-p•d

Figure 1. Theoretical Stream Reach

Efforts to accurately predict stream temperatures have focused on finite difference

solutions to an advection-dispersion energy balance (Bashar and Stefan 1993). Stream

temperature reflects the heat energy flux, advection and dispersion experienced by a

theoretical parcel volume (Vi) of stream water of length (dx) and velocity (U1).

It follows that as stream flow (Q) traverses (dx) through the theoretical parcel

volume (V1) at a given velocity (U,), the corresponding stream temperature between the

upstream and downstream nodes is a result of the specified properties of the parcel

volume (V1) and theoretical parcel volumes above (Vi,i)and below (V1_ 1), namely: the net

energy flux (Otot.,), advection (U1) and dispersion (DL). Further, by finite difference

approach, a series of theoretical parcel volumes (V1) of length (dx), represent the total
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reach volume (E ) in which the corresponding stream temperature at the end of the
0

reach is the product of the net effect of the specified properties acting upon the stream

reach at time (t).

The solution of the governing energy equation is essentially the summation of

thermodynamic heat energy exchange between the stream system and the surrounding

environment, and physical processes that redistribute heat energy within the stream

system, namely: advection and dispersion. It is important to note that all heat energy

introduced into the stream is conserved, with the net result reflected in stream temperature

increase. Further, heat energy is transient within the stream system, due to longitudinal

advective and dispersive transfer of heat energy.

Insight as to the Heating or Cooling of Each Thermal Process

Water temperature (T) is a function of the total heat energy contained in a discrete

volume and may be described in terms of energy per unit volume. It follows that large

volume streams are less responsive to temperature change, and conversely, low flow

streams will exhibit greater temperature sensitivity. Historically, meager consideration for

low flow stream sensitivity has resulted in extreme stream temperature increases. Brown

and Krieger (1970) reported a 14 °F temperature increase at Needle Branch, in the Alsea

Watershed Study, within the Oregon Coast Range, during low summertime stream flow.

Water has a relatively high heat capacity. Conceptually, water is a heat sink. Heat

energy that is gained by the stream (Oheating) is slowly released back to the surrounding

environment, represented by the cooling flux Ocooling). Heating periods occur when the
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solar(direct)	 1:13 solar(diffuse) (1) convection

net energy flux (total) is positive:(Oheating Ocooling)• The total energy is represented

by:

°total = °heating — °cooling
	 (Eqn. 2)

The net energy flux Ototal) follows two cycles: a seasonal cycle and a diurnal

cycle. In the Pacific Northwest, the seasonal net energy cycle experiences a maximum

positive flux during summer months (July and August), while the minimum seasonal flux

occurs in winter months (December and January). The diurnal net energy cycle

experiences a daily maximum flux that occurs at or near the sun's zenith angle, while the

daily minimum flux often occurs during the late night or early morning. It should be

noted, however, that the diurnal heat energy cycle may be inconsistent with past, or future,

daily stream temperature profiles because meteorological conditions are variable.

The net energy flux (Ototal) term represents the summation of several energy

processes that occur between the stream and its environment. Figure 2. shows the

individual components of the net energy flux.

Figure 2. Individual components of the net energy flux.
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The magnitudes of each component of the net energy flux, as calculated by Heat

Source, are provided over the course of one day in Figure 3. The net heat energy flux,

plotted as the total flux, is the instantaneous summation of the individual heat energy

components.

Figure 3. indicates that the majority of heat energy delivered to the stream system

comes from the solar energy flux. Further, the solar flux component is also the most

`manageable' in comparison to the other energy components. This is explained in the next

section.

Energy Flux Components
- Solar Flux	 —6— Bed Conduction Flux 	—x— Langune Flu(

- Etaporation Flux 	 Cornection Flux	 - - - Total Flux
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Figure 3.
Components of the
net energy flux
plotted over the
course of one day.
Heat energy flux
magnitudes were
calculated based on
stream temperature
data collected on
McKay Creek, near
Prineville, Oregon
on June 17, 1995.

•
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Figure 4. Pathway from sun to stream

`Manageable' Components of the Stream that Adversely Impact Stream

Temperature

Once it is established that the energy gained by the stream comes largely from solar

radiation, attention can then focus on the processes that affect solar heat energy. Barriers,

both vegetation and topographic features, attenuate incoming solar radiation. Land

management schemes rarely impact

topographic features, but actively affect

the quantity and quality of riparian

vegetation that serves to protect streams

by reducing the magnitude of solar

radiation that reaches the stream surface.

If land management practices are

committed to reducing the temperatures

. of streams, attention to riparian vegetation must include: the specific riparian geometry,

height and width, and the shading effectiveness that provides adequate attenuation of the

solar flux.

An Analysis Tool for Temperature Data Collected by Hobo® Thermistors

What is a Hobo® thermistor? It is a powerful thermometer capable of

remembering 1,800 measurements taken at intervals ranging from seconds to days.

Thermistor sensitivity is listed by the manufacturer as 0.1-0.2 °F, which has been

confirmed by independent statistical analysis. The recent interest in monitoring stream

temperatures has spurred interest in utilizing these thermistor units. However, the
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potential for data overload exists. Data sets are large and difficult to analyze. Heat

Source facilitates processing and graphically displaying portions of the data set.

Future Development of Heat Source

Further development will concentrate on the attenuation effectiveness of stream

side vegetation. Stream temperatures will be treated as an indication of vegetation

shading effectiveness. Estimation of the vegetation shade coefficient, based on actual

stream temperature measurements, may then be used as a vegetation diagnostic tool.
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ABSTRACT

The Tualatin River in northwest Oregon has been designated as water quality limited

by the Oregon Department of Environmental Quality. Restoration and enhancement of

riparian areas to improve water quality is one task to be pursued by management

agencies.

This paper examines some of the potential costs and benefits of undertaking riparian

restoration and enhancement on two tributaries of the Tualatin. In general, the potential

costs are likely to be more identifiable and have market prices associated with them. The

potential benefits of riparian restoration are often public or non-exclusive in nature.

Measuring and estimating prices for benefits was found to be more difficult. Although

costs of restoration depend on the standards adopted, the costs for the two study areas

were found to be approximately $6,000 per stream mile at one site and $21,000 per

stream mile at the other site. The cost of retiring agricultural land from production was a

major influence on the total costs and was significant in explaining the cost difference

between the two sites.
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PROBLEM

The area encompassed by the Tualatin River basin is largely the same as the area
encompassed by Washington County, which has a population of over 311,000 (Ervin, et
al., 1993). The river and its tributaries provide irrigation and drinking water, fishing and
other recreation, effluent removal, esthetic benefits, hydroelectric power, wildlife habitat
and other uses. Healthy riparian areas are important for good water quality. "Healthy
riparian zones can create diverse aquatic habitats, reduce light levels, moderate
temperatures, serve as barriers to erosion into the stream, and provide travel corridors for
wildlife species." (Li and Gregory, 1993)

Although high phosphorous levels in the river may affect some of these uses, residents
are also concerned about other aspects of water quality that affect their many uses such as
flow, temperature, turbidity, oxygen level, pollutants, etc (Cass and Miner, 1993). Water
quality standards for dissolved oxygen, pH, temperature, bacteria, and sediment have not
always been met (Wolgamott,personal communication, 1993). There also exist many
concerns beyond just water quality (Cross et al., 1993). The health of the river affects and
is affected by wildlife populations, human population and urban development,
agriculture and forestry. It is certainly not within the scope of this paper to address all
issues related to the river; it is important to keep in mind the complexity of the subject.

Although progress has been made in reducing the amount of phosphorous and
improving water quality the Environmental Quality Commission (EQC) has adopted a
Department of Environmental Quality (DEQ) staff report, the Tualatin River Nonpoint
Source Management Implementation/Compliance Schedule and Order, (Wolgamott,
1993) calling for fourteen tasks to be implemented by the appropriate Designated
Management Agencies (DMAs) in an effort to further improve water quality.

Task #5, Riparian Area Management, requires DMAs to "identify and priortize
opportunities for enhancement and restoration of riparian areas." and to "Develop
management or restoration strategies for high priority riparian areas."

Related to Task #5 is Task #3, Site Specific Problems. This calls for the DMAs and
DEQ to "coordinate on a watershed-wide basis and identify all (problem) areas of the
basin that have not yet been inventoried." and to "rank all problems identified."

The ability of a healthy riparian zone to reduce soil erosion by trapping particles from
overland flow of surface waters and by stabilizing stream banks may be of particular
importance in the Tualatin basin. Phosphorous is applied as fertilizer to cropland in the
basin. Some phosphorous is then absorbed by sediment and small organic particles and is
subsequently carried to waterways with eroded soil (Cross et al., 1993). Although the
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amount of phosphorous entering the Tualatin via soil erosion is not known, Washington
County has identified 85,000 acres of cropland outside the Urban Growth Boundaries
which need erosion protection treatment. Of this cropland, 11,200 acres have been
classified as Highly Erodable Lands. (Washington County SCS,1991)

One of the undesirable effects of high phosphorous levels in the Tualatin is that it
promotes algal abundance. This contributes to eutrophication of the river and degrades
the health of the river (Ervin et al.,1993) Temperature also affects algal growth. Li and
Gregory report that data taken from 1986-1989 suggest warming occurs as it flows from
headwaters to its confluence with the Willamette and data taken from 1990 and 1991
indicate that warm tributaries contribute to raise mainstem temperatures. ( Li and
Gregory,1993) Healthy riparian zones provide shade to streams and slow the increase in
water temperature which can, in turn, slow algal growth (Li and Gregory, 1993).

However, riparian areas along the Tualatin may not be healthy. The main channel has
been modified, dammed and cleared of obstructions. Extensive logging, drainage of
wetlands, farming and urban development has occurred on surrounding land (Cass and
Miner, 1993).

Overall, the water quality and the health of the riparian areas is limited.
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OBJECTIVES

The general objective of this study is to estimate the potential costs and benefits of
adopting Best Management Practices (BMPs) to achieve healthy riparian zones in
portions of the Tualatin Basin. The emphasis is on establishing the procedure and locating
sources of data. The analysis will not attempt to be geographically comprehensive. The
specific objectives are as follows:

1. Select specific study areas and evaluate certain existing riparian

conditions.

2. Determine appropriate standards for healthy riparian zones and

determine specific BMPs to achieve these standards in the study areas.

3. Estimate the likely costs of implementing the BMPs.

4. Estimate the potential benefits of the riparian restoration.

PROCEDURES

The amount and quality of data available dictate that the costs and benefits be
estimated using largely different approaches.

The general BMPs required for riparian restoration are fairly well documented
(Connin, 1991; Honey et al., 1984; Johnson et al., 1985)and existing conditions can be
evaluated first-hand or by aerial or satellite images. In addition the costs of the BMPs are
often determined in markets with observable prices.

Estimating economic benefits is a much less certain process. Since the BMPs have not
been put into practice the degree to which the physical effects occur may not be estimated
precisely. In addition, the physical and biological effects often have characteristics that
preclude them from being traded in markets at observable prices. The problem then arises
of how to correctly place a value on them. As a result it may only be possible to describe
the direction of an impact (whether it is a benefit or a cost to society) or the scope of
likely impacts.

Accordingly, the study is done in two parts. Instead of providing a benefit and cost for
each BMP, the costs alone are estimated for each BMP and presented as a budget for
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riparian restoration. Then, utilizing data from studies of other riparian areas, likely effects
of restoration are presented and possible benefits are discussed.

In other words, available scientific information allows us to put greater reliability on
the costs. However, benefits should not be omitted from the analysis even if effects and
values are difficult to estimate.

Costs

Discussions with Dave Ervin, Agriculture and Resource Economics,OSU; Judith Li,
Fisheries and Wildlife, OSU; and Mitch Wolgamott, DEQ, led to the selection of two
study areas. Criteria used in the selection were that the areas drain forest, agricultural, and
suburban lands. Other considerations were that the Oregon Department of Fish and
Wildlife has a project to improve wild cutthroat trout and steelhead populations on Gales
Creek, and that the West Fork and mainstem of Dairy Creek is part of the Dairy-McKay
Hydrologic Unit Area making both tributaries of special interest.

Following selection of the areas, it was necessary to evaluate the existing condition of
the riparian zones. A tour of the general area was made by car and several specific sites
were examined with DEQ staff. The U.S. Department of Agriculture's Agricultural
Stabilization and Conservation Service provided aerial photographs of the two study areas
taken in 1990. The photographs are taken at a 1 inch to 660 feet scale that allows
measurement of horizontal distances. With initial assistance from ASCS personnel, the
study areas were located and measured. The photographs were first covered with a
transparency and different portions were marked with a colored pen. This was done to
prevent duplication in measurement of areas of interest.

Six categories of measurement were made: (1) total length of stream; (2) length of
stream bank adjoining cropland in which the tree canopy has a width of 0-25 feet, (3) 25-
50 feet, (4) 50-75 feet; (5) length of stream bank adjoining pasture; and (6) length of
stream bank with less than 25 percent canopy. The 'Other' category includes land that had
a canopy width greater than 75 feet or that was judged not suitable for restoration; such as
bridges, roads, and residences. It was not measured but was calculated as a residual. The
area along the stream covered by the tree canopy is used as a proxy for the existing
riparian zone.

The measurement of different categories of existing land use allow the estimate of
costs for different management practices. Measuring the existing width of the riparian
zone adjoining crop land allows an estimation of the acreage to be retired from
production. Measurement of the riparian zone adjoining pasture allows an estimate of
fencing requirements and reduction in pasture acreage. Measurement of areas with little
or no canopy allows an estimate of revegetation requirements.

Further dividing the measurements into three different width categories (for cropland)
allows examination of what happens if different standards are adopted.
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The measure of the less than 25 percent canopy category does occasionally overlap
with the measure of the 0-25 feet canopy adjoining cropland. Selections for the less than
25 percent canopy category were made by measuring any section of stream bank with a
minimum length of 100 feet in which less than 25 percent of the length had canopy
coverage, regardless of the width of the canopy. For example, a 130 length of stream bank
bordering a field that was plowed to the edge of the bank would be entered in both
categories; less than 25 percent canopy and a narrow, 0-25 feet, riparian zone. In this
example the land would require both revegetation and to be retired from production.
However, a thin but continuous riparian zone, say 15 feet wide, would not be marked for
revegetation, but some land would be retired from production.

An attempt was then made to ground-truth the measurements made from the aerial
photos. The selection of a portion of one study area was made based on accessibility and
possessing measurements in five of the six categories. Specific sites were selected and
verified visually and by hand measurement with a tape. In addition, site specific
conditions were noted.

Determining standards for a healthy riparian zone and the BMPs to achieve the
standards was the next step.

Land in the study areas is classified by the State of Oregon as either urban, forest, or
agricultural. Management standards and BMPs for forest land are contained in the Forest
Practice Rules published by the Oregon Department of Forestry. Costs and benefits of
adopting these existing standards is not addressed in this study nor are the predominantly
forested areas of the streams measured. Washington County Land Development Division
staff was interviewed to determine if standards and practices for urban lands would
significantly affect the study areas. Both streams border the Urban Growth Boundaries
(UGBs) of Hillsboro and Forest Grove for short distances. The Land Development
Division staff person stated that he was unaware of any specific standards relating to
riparian habitat although municipal development plans would be subject to water quality
standards. Costs and benefits of adopting these existing standards is not addressed in this
study. Most of the land in the study area is agricultural and there are no set standards for
what constitutes a riparian zone on agricultural land. There are water quality standards
that may limit certain agricultural practices but there are few, if any, laws designed to
protect riparian areas in general on agricultural land. Judith Li, OSU Department of
Fisheries and Wildlife; Ronald Miner, OSU Department of Bioresource Engineering;
Paul Adams, OSU Department of Forest Engineering; and Mitch Wolgamott, DEQ, were
interviewed regarding riparian standards and BMPs to achieve them. In addition a
literature review was conducted to investigate standards and BMPs in other areas.

Many of the costs of implementing BMPs have market prices. Interviews with timber
service contractors, nurseries, the Washington County ASCS and others provided
estimates of per unit costs for goods and services required. Enlarging riparian zones often
requires land to be removed from agricultural use. Tim Cross, OSU Department of
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Agricultural and Resource Economics, and Washington County ASCS staff were
interviewed to estimate these costs.

The existing conditions in the study areas were compared to different standards to
generate estimated requirements for riparian restoration. Estimates for requirements are
based on photo interpretation, limited ground observation, interviews with Washington
County ASCS, SCS and Extension staff and a survey of local farm operators (Rambo and
Buckhouse, 1993). The area selected for ground truthing was not randomly selected and
may not be representative of other portions of the study area. (Although it did well in
predicting the number of irrigation pumps in the study area.) Also, many technologies and
management practices that may have worked equally well or better were not examined.
For example, electric fencing, alternative irrigations systems and different crops were not
considered.

Finally, the per unit costs were applied to the estimated requirements to estimate the
costs of adopting differing standards of riparian restoration for the two study areas.

Benefits

As noted earlier, estimating the benefits associated with riparian zone restoration
requires a different procedure. Ideally, models would allow the accurate prediction of the
effects of restoration. These effects might provide goods and services, such as clean
drinking water, to people. Then the value of the goods and services would be estimated
by finding similar goods and services that are sold in a market at a price or by estimating
with economic techniques what people would be willing to pay even though no market
exists.

Although many of the general effects of restoration are known, the magnitudes of the
changes that would occur in the study areas are not known. In addition, no specific
economic studies have been done in the study areas to determine what people would be
willing to pay for the potential goods and services which are not customarily exchanged
in markets.

Studies of other restoration projects and of other wetland areas were reviewed to
estimate and discuss potential benefits of restoration in the study areas.
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RESULTS

Study area selection and evaluation

The areas selected for study were portions of Gales and Dairy Creeks. Gales Creek was
measured from its confluence with the Tualatin River to Troley Park. Dairy Creek was
measured from its confluence with the Tualatin River to the point where the East and
West Forks meet, then up the West Fork to the confluence of Cummings Creek and the
West Fork above the village of Buxton.

Measuring the aerial photographs gave the following results:

Gales Creek Dairy Creek

Total length 207,900' 275,880'

50-75' canopy 15,840' 7.6% 11,320' 4.1%

25-50' canopy 20,130' 9.7% 76,000' 27.5%

0-25%

canopy

1,110' .5% 82,170' 29.8%

<25%

canopy

30,460' 14.6% 20,170' 7.3%

Pasture 19,800' 9.5% 23,400' 8.5%

Other 120,560' 58.1% 62,820' 22.8%

The total length refers to the length of stream bank, which is twice the stream length.

A portion of Gales Creek from the village of Gales Creek to Roderick Road was
selected for ground truthing in mid-July. This portion is a little over 12 percent of the
total measured. Ten specific sites were pre-selected for measurement and identification.
Total length and 0-25 feet canopy were not measured on the ground. The interpretation of
the photographs was verified at all ten sites. It is the opinion of the investigator, however,
that of all categories the least confidence should be place in determining pastures from
aerial photographs. In addition it was impossible to determine if a pasture was being
actively grazed by examining a photograph.

In addition to verifying the photographs, other information was gathered from the
ground truthing. Canoeing the 2.44 mile stretch revealed six irrigation pumps placed in
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the stream, four barbed wire fences across the stream, four irrigation ditches leading from
the stream with rock diversion dams at each site, and twelve cleared stream access sites
including one road which forded the stream. Although no expert investigation was done,
the irrigation ditches seemed to be a site specific source for erosion. In most cases the
ditches had steep banks of bare topsoil that could wash into the stream. Large, woody
debris was encountered at only two locations. The stream banks were generally steep but
appeared to be stable except in two or three places. The streambed was fairly wide, 20-50
feet, and usually shallow, less than a foot deep. There were some pools 5-6 feet deep. The
streambed was scoured to bedrock in many places. At the lower end of the section the
stream becomes slower,deeper, narrower and more shaded as it enters the valley.
Numerous trout fry and 50-100 carp were observed. Several fisherman encountered stated
they caught cutthroat trout from the stream.

Selection of standards and BMPs

The ideal in riparian restoration would be to restore the biological integrity of the
ecosystem. This may not be completely possible in the Tualatin Basin for legal and
economic reasons and in selecting any standards for restoration an intuitive benefit-cost
analysis is performed to help select standards that have a reasonable chance of being
accepted.

Standards for a biologically healthy riparian areas along streams are characterized by
zones of given widths, vegetative cover necessary within the zones, and land use practices
that are required or forbidden in each zone.

Although a great deal of literature exists describing possible standards for riparian
areas and several government agencies have adopted some standards, there are few legal
limits on land use in riparian areas currently in effect for agricultural land in Oregon. For
the purposeorthg--gtudy several possible standards will be examined and the costs for
several scenarios using the standards will be estimated. First, a review of several existing
standards is in order.

Department of Environmental Quality

The DEQ has draft Riparian Requirements to Achieve Water Quality Standards
(DEQ). For perennial streams with fish the recommendation is for 100 foot buffer zones
or of a width sufficient to maintain the natural forest canopy and large woody debris
recruitment. The natural canopy will shade about 80-90 percent of a typical western
Oregon stream (Beschta et al.,1987)

115



Oregon Forest Practices Act

The current Oregon State Forest Practices Act (Oregon Department of Forestry, 1992)
call for a riparian management area to be three times the high water width of the stream
with a minimum of 25' and a maximum of 100'. In addition, down wood and snags are to
remain in the area, an average of 75% of the existing shade is to be retained, machine
activity within 25' of the stream is to be minimized and any stream structures must allow
for the upstream passage of adult fish. Proposed rules are more stringent and call for 75%
uniform shade, disallow all machine activity within 40' of a stream and require stream
structures to allow for upstream and downstream passage of adult and juvenile fish.

United States Department of Agriculture

The Agricultural Stabilization and Conservation Service of the USDA has standards
for riparian buffer strips and management practices as part of its cost sharing program
(ASCS, 1993). The buffer strip is divided into three zones: Zone 1 begins at the top of the
stream bank and extends for 15 feet, zone 2 begins at zone 1 and extends a minimum of
another 60 feet, zone 3 begins at zone 2 and extends for another 20 feet. Zone 1
vegetation is to be composed of native trees and shrubs necessary for stream bank
stabilization, shade and leaf litter. Zone 2 vegetation is to be composed of trees and
shrubs (with an emphasis on native species) necessary to uptake nutrients. Timber is to be
harvested to remove stored nutrients. Zone 3 vegetation is to be composed of dense
grasses and forbs necessary for sediment filtering and to convert concentrated flow to
sheet or subsurface flow. The total riparian buffer strip is to be from 95-155 feet wide
and, although the program has just been offered in Washington County this year, the wide
buffer requirements may be part of the reason that no land owners in the Dairy-McKay
HUA have participated in the ASCS program.

Selected Standards

The standard for the purpose of this study will be to have a narrow (25 foot), relatively
undisturbed zone, Zone A, next to the stream comprised of shrubs and native trees for
shade, large woody debris, and stream bank stabilization. Timber harvest, grazing,
construction or road building would not be permitted (Hicks et al., 1991). A wider (50
foot) zone, Zone B, adjacent to the first would be planted in either grass or trees and
shrubs for nutrient uptake and to slow the flow of surface water (Lowrance, 1984). The
land could be utilized for certain types of production.

Management practices necessary to achieve and maintain zone A would be to retire
land from crop or pasture use where the canopy is less than 25 feet wide (ASCS, 1993),
plant trees where there is less than 25% canopy cover (Beschta et al.,1987), fence out
livestock where the stream borders pastures (Platts,1991), provide alternative livestock
watering systems (Honey,1984), stabilize the stream bank biologically (Connin, 1991),
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remove blackberry bushes (Li,1993) stabilize access corridors and irrigation ditches,
install longer supply pipe to irrigation pumps, and decommission field drains
(Miner,1993).

Management practices in zone B would be to retire land from crop production and use
the land as either pasture or timber land (ASCS, 1993), stabilize access corridors and
irrigation ditches, and decommission field drains.

Costs of Riparian Restoration

Fencing (Zone A)

Fencing requirements were estimated by measuring the distance that a stream borders
a pasture. It is assumed that the remaining sides of the pasture are already fenced. This
was the case for the pasture checked during ground truthing and it was confirmed by the
Washington County SCS (Gordon, 1993) that there is no open range grazing in the
county. The cost of building a five strand barbed wire fence which meets SCS standards
is approximately $1 per foot (Cross,1993), though SCS (Gordon, 1992) estimates range
from $.50-$4 per foot. The Farm and Forest Operation Survey of Water Quality
Issues/Dairy-McKay HUA (Rambo and Buckhouse,1992) shows that 18 percent of farm
owners and 13 percent of forest land owners have installed fencing to protect stream
banks. The survey did not ask what percentage of pastures were fenced but it may be
reasonable to assume that 15 percent of the total pasture/stream border is already fenced.

Tree planting (Zone A)

Tree planting requirements were calculated by multiplying the length of the stream
bank that had less than 25 percent canopy coverage by the width of the area to be planted.
The cost of planting, including the stock, is estimated at $160 per acre. This figure was
given by the SCS (Gordon,1992) and Miller Timber Services (Miller, 1993). An estimate
from Hoedads, a tree planting cooperative based in Eugene, was $150 per acre
(McCombs,1993)

Blackberry removal (Zone A)

Blackberry removal requirements were calculated by subtracting the length of the
stream bank with less than 25 percent canopy from the total length. It was then assumed
that 25 percent of this remaining length would require blackberry removal, based on
personal observation. Costs are calculated for a 25 foot width and are based on Miller
Timber Service's estimate of $320 per acre
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Field drain decommissioning (Zone A and B)

It is difficult to estimate how many field drains exist and should be taken out of
service. One alternative would be to simply do nothing and wait for the drain tiles to clog
and become less effective. This would minimize costs and allow farmers time to adjust
their farming practices to the changing field conditions. Another low cost method would
be to plug the end of the drain with concrete. This could be done at a cost of
approximately $50 per drain. The disadvantage with both of these methods is their
detrimental effect on field conditions upslope of the riparian zones which may decrease
yields. Their advantage is that they may provide for more natural conditions in the
riparian zone. A third alternative would be to replace just the drain tiles in the riparian
zone with solid wall pipe. This would transport the water from upslope fields but not
drain the riparian zone. However, installed costs for 8" drain tile is approximately $7 per
foot (Gordon, 1992). Costs for solid wall pipe are comparable, making this approach
improbably expensive. An estimate will be presented only for plugging the drain tiles.

The Farm and Forest Operation Survey (Rambo and Buckhouse, 1993) showed that 38
percent of the farmers used drain tiles. Assuming that 20 percent of the population had
property bordering the West Fork of Dairy Creek, there are 2,700 farm and forest owners
in the survey area of which 60 percent are farmers, which would imply approximately 123
farmers using field drains in the West Fork of Dairy Creek. How many drains each farmer
uses and how many transect the riparian zone is unknown. If it is assumed that all drains
cross the riparian zone and allowing one drain per farmer would mean that 123 drains
would need to be decommissioned in the West Fork of Dairy Creek. Proportionally Gales
Creek is 75 percent as long as the Dairy Creek study area which would imply 92 drains to
be decommissioned.

Livestock watering (Zone A)

Requirements for livestock watering are difficult to estimate. The Farm and Forestry
Operation Survey shows that 43 percent of the farm respondents and 16 percent of the
forestry respondents owned livestock. The survey did not ask how watering was
accomplished but it did show that 41 percent of the farm and 64 percent of the forest
respondents had year-round streams on their property. Only those livestock owners who
also had access to year round streams could currently be without a mechanical livestock
watering system. Accordingly 41 percent of the farm and 16 percent of the forest land
population would be the upper bounds on an estimate of watering systems required but a
more reasonable estimate might be calculated from the product of the percentages of each
category. That is, only 43 percent of the farm respondents own livestock, it is assumed
that 41 percent of this group will also have year round streams. This would yield about 18
percent of the total farm population and about 10 percent of the total forest land
population as needing stock watering systems. Extrapolating these requirements to the
total population as was done for field drains would yield a requirement of 79 watering
systems for Dairy Creek and 59 for Gales Creek.
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There are three main alternatives to uncontrolled livestock watering in a stream:
restricted access to the stream, a stock tank fed from a domestic supply and a stock tank
fed from the stream. Watering livestock in a stream is not considered a withdrawal and no
water right is needed but a water right is required to withdraw the water for use in a stock
tank. Some legislation has been proposed to change this situation but to date none has
been enacted, so installing a stock tank fed from the stream is an option only for those
also holding a water right who could transfer some of their current use to their livestock.
Water right owners may make an application to include livestock in their right if their
existing water right is not for livestock. The cost for a 600 gal. stock tank, pump with
automatic shutoff, water line, and 100' of electrical service is approximately $430 (Fritz,
1993). This cost would also apply to a stock tank and 600' of water line for connection to
a domestic supply. Using a domestic water supply would likely be an option only for a
few head of livestock kept close to the supply. This may be the case for many farms. The
average number of horses kept, for the farms who kept any horses at all, was three
(Rambo and Buckhouse, 1993). Neil Rambo, OSU Extension, and Jerry Rodgers, the
local water master, stated that many of the domestic wells in the area have low capacity
and some even run dry in the summer. Because of problems ensuring a source of water
and the high cost, an estimate is not presented for using stock tanks.

The third option is to construct restricted access to the stream, called a water gap. A
narrow corridor to the stream is fenced and often a gravel ramp to the stream is built to
minimize erosion. Costs for the fencing is $2 per foot and the cost for gravel is $1.25 per
foot (Hogensen,1993).

Irrigation pipe (Zone A)

An unknown number of irrigators may be able to install longer supply pipes to their
pumps in order to move the pumps out of the riparian zone altogether. Each particular
pump has a particular negative suction head capability which determines how far it can
pull water vertically and horizontally. This distance can be increased somewhat by using
larger diameter supply pipe. The upper limit on the potential applications would be the
number of pumps currently supplied by the streams. The district water master, Jerry
Rodgers, has recorded 75 diversion points on Gales Creek and estimated 80 diversion
points on Dairy Creek. Six inch pipe is often used and, if that were the case, 8 inch pipe
could be substituted. Eight inch PVC pipe costs $3 per foot (Bevandich,1993). Using the
pipe could also reduce the need for irrigation ditches or access roads. Improvements to
ditches and roads costs about $1.25 per foot leaving a net cost of about $1.75 per foot for
the larger pipe. No estimate is given for the extra electricity required.
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Irrigation ditches

Ground truthing a section of Gales Creek showed an average of one irrigation ditch
per 3,217 feet of stream. Extrapolating these results to the entire length of Gales and
Dairy Creeks would yield 35 ditches on Dairy Creek and 33 ditches on Gales Creek. The
length of the ditches is unknown but the upper limit for the length to be reshaped and
seeded would be the width of the riparian zone, as a result this estimate will probably be
higher than the actual cost. Gordon estimates that the cost of constructing an irrigation
ditch is about $1/ft. A similar cost is assumed to reshape an existing ditch to allow it to
be seeded with grass. Seeding costs are estimated to be $40 per site, based on Gordon's
estimate for seeding one acre.

Access corridors (Zone A and B)

Ground truthing Gales Creek showed an average of one dirt access road to the creek for
every 1072 feet of stream. Extrapolating this would yield 97 sites for Gales Creek and
129 sites for Dairy Creek. The estimate for the cost of graveling a one lane access road
with 4 inches of gravel is $1.25 per foot.

Cropland loss (Zone A)

Cropland loss in zone A was calculated by multiplying the length of the stream bank in
the 0-25 feet canopy category times twenty feet (the width of the zone less five feet). This
was based on the observation that crop fields did not run right up to the edge of the
stream. In fact even this allowance likely overstates the loss somewhat, in many places a
15-20 foot canopy exists but farmers probably have the right to plow to the stream bank
as long as this does not lead to a violation of water quality standards.

The cost of removing the land from production depends on how valuable it was in
production and how valuable it would be if retired from crop production. This in turn
depends on assumptions about the land's usefulness once it is retired from production. If
land owners in the area derive a high benefit from owning land even if it is not producing
a crop then its value will not fall much when it is retired. This may be the case if the land
is held for its esthetic beauty, to provide buffer for privacy, for prestige or for other non-
income earning reasons. If farmers valued cropland mainly for its income earning
potential then the value of retired cropland would change in proportion to the change in
income the land earned.

One scenario for cropland in Zone A is that land is held primarily for non-income
earning reasons. This would tend to imply that farming the land is simply a hobby and
there would be little or no cost if it were retired from production. A second scenario is
that the cropland is held solely for income earning reasons and that removing cropland
from production would render it valueless to the farmer. Accordingly, the cost of this
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practice is estimated to be the fair market price for irrigated land, about $3,500 per acre
(Cross,personal communication, 1993). In reality, these two assumptions represent points
on a continuum of possible costs; costs that depend on the portion of the land's value due
to its income producing ability.

Some insight may be gained into the question of what accounts for the price of
cropland by examining the income that cropland can generate to see if it is high enough to
account for the market price of the land. If income from cropland is very low but the
market price for land is very high it may be likely that land is being purchased for reasons
other than generating income. Cross et al. (1988,1991) have estimated budgets for
producing certain crops in the Willamette Valley. The budgets were not done for
particular farms nor were they based on conditions specific to the Tualatin basin but they
be indicative of values farmers in the Tualatin region face. Net returns per acre for
cauliflower, bush beans and broccoli were estimated at $927, $522 and $689 respectively.
The question is, what is the most a person would pay for an asset that generates this
amount of income? If it is assumed that a farmer needs to make a return of 8 percent
[approximately the cost of a farm or small business loan (Benton County Bank
staff,1993)], then the farmer could afford to pay $11,587, $6525 and $8612 per acre for
land to grow cauliflower, bush beans and broccoli. This is not to suggest that these figures
would represent the price of land for these crops, because not all the net returns should
necessarily be attributed to the productivity of the land. It would represent an upper bound
on land prices where demand reflects the land's value in producing income. Since the
current price of irrigated cropland is less than these bounds it is possible that cropland is
held solely for its ability to produce income and not for esthetic beauty, privacy or other
non-income reasons. Of course, it is also possible, as noted before, that the land is held
almost entirely for non-income reasons. In reality the values people place on their land
will vary from person to person and perhaps change with time. The most conservative
approach is to assume that farmers buy land primarily to generate income and that retiring
land from production reduces its value to zero. This is one scenario used in this study.

A third scenario is that an entirely different use will be found for the land after it is
retired from production. Although this possibility is speculative it is an important one to
investigate. Retiring cropland (or pasture land) from production and restoring its riparian
functions may be similar to what happens in wetlands mitigation projects. Washington
County has standards for development in wetlands (Larry Svart,1993). In general, these
standards prohibit development in wetlands. If development is to be allowed, it must
minimize the degradation done to the wetlands and in some cases other wetlands must be
created or other degraded wetlands improved. It is not the purpose of this study to delve
into wetlands mitigation standards and practices but it may be possible to use restored
riparian areas along Gales and Dairy Creeks as a type of wetlands mitigation bank for
wetlands damaged by future development. Larry Svart, Washington County Land
Development Department, estimated that current mitigation projects restored about five
acres per year or less, although this figure may increase as the county population
increases. One possible institutional barrier is that current standards require the mitigation
to take place close to the development. Development is concentrated inside Urban
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Growth Boundaries and Gales and Dairy Creeks lie largely in rural areas. Another
potential source of demand for restored riparian areas, similar to wetlands mitigation,
could be as stormwater mitigation areas. Currently the Unified Sewerage Agency (USA)
manages stormwater inside the Urban Growth Boundaries. It may be possible to use
restored riparian areas along Gales and Dairy Creeks to offset water quality degradation
done by stormwater inside Urban Growth Boundaries. John Jackson, USA, stated that the
agency collects fees in lieu of on-site mitigation for some developments. The fees are to
be used for off-site mitigation, although they are currently restricted to projects inside
Urban Growth Boundaries.

The use of wetlands mitigation banks is still in its infancy. The City of Eugene,
Oregon operates a public wetlands mitigation bank and a private bank exists in the
Portland area. An analysis of mitigation banking (Shabman et al., 1993) found that
mitigation banking provided greater predictability to developers, reduced compensation
costs, provided long-term management that more effectively maintained ecosystem
integrity, and increased the certainty that the compensation would be realized.

If cropland and pasture land was used for wetlands mitigation it would likely retain
significant value to its owner. In other parts of the country restored wetlands have sold for
$5000 to $15,000 per acre (Shabman,1993). The price for restorable wetlands in the
Tualatin basin would be highly dependent on the regulatory framework of mitigation
banking. For the purpose of this study it is assumed that in this scenario the price would
be the current market price, that is, farmers could retire land from production and receive
the full market price for the land. This might be the case in a voluntary land retirement
program.

Cropland loss (Zone B)

The cropland loss for the 50 foot wide Zone B was calculated as a sum using the three
canopy width categories. First, multiplying the stream bank length in the 0-25 canopy
category by the full 50 foot width, plus the length of the 25-50 feet canopy category
multiplied by 37.5 feet (this assumes that the average canopy width was 37.5 feet), plus
the length of the stream bank in the 50-75 feet canopy category multiplied by 12.5 feet
(assuming the mean width to be 62.5 feet). The cost per acre of the lost cropland is not as
high as in Zone A, however. Farm activity could be accommodated in Zone B. Grazing,
timber or pulp wood production would be acceptable uses of this Zone. Other uses, such
as orchards, may also be possible as long as ground cover is intact. The major limit to
alternative uses may be that the parcels are likely to be small, possibly precluding
economies of scale. The value of pasture land in the area is approximately $1,500/acre
(Cross,1993) yielding a loss in value of $2,000 per acre. This loss may be partially
recouped over time as farmers learn high value, low impact uses for the land.
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If the cropland in Zone B were used for wetlands mitigation it is assumed that no loss
in value would occur.

Pasture land loss (Zone A)

Pasture land loss was calculated by multiplying the length of the stream bank in pasture
times the width of Zone A. Livestock would be excluded from Zone A and this would
represent a complete loss of the value of the land to the farmer under normal
circumstances. Pasture land is valued at approximately $1,500 per acre in the area.

If pasture land in Zone A were used for wetlands mitigation it is assumed that no loss
in value would occur.
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Cost estimates for riparian restoration.

GALES	 CREEK	 DAIRY	 CREEK

BMP	 ZONE A	 ZONE B	 ZONE A	 ZONE B

25' Width	 50' Width	 25' Width	 50' Width

Fencing	 $18,500	 19,900

$1/ft.

Tree	 2,800	 1,850

planting

$160/acre

Blackberry	 7,950	 11,750

removal

$320/acre

Drain tile	 4,600	 6,150

plug s$50@

Water gap	 4,800	 6,400

$3.25/ft.

Irrigation	 3,300	 3,500
pipe

$1.75/ft.

Irrigation	 850	 1,650	 900	 2,150
ditches $1/ft.

	

GALES	 CREEK	 DAIRY	 CREEK

BMP
	

ZONE A	 ZONE B
	

ZONE A	 ZONE B

	

25' Width	 50' Width
	

25' Width	 50' Width
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Access	 3,050	 6,050	 4,050	 8,050

corridors

$1.25/ft.

Pasture land	 17,100	 20,100

loss w/o

mitigation

Cropland	 1,750	 46,000	 131,950	 326,000

loss w/o

mitigation

SUBTOTAL	 64,700	 53,700	 206,550	 336,200

TOTAL	 118,400	 542,750

A+B

Other costs

Non-biological structural modifications are generally not desirable both because of
their expense and their interruption of natural stream processes. There may be some sites,
however, where the stream bank cannot be stabilized by biological methods. Even for
these sites it may be prudent to restore the surrounding area naturally then wait several
years to insure a minimum of intervention and that modifications will conform to the
restored stream.

The DEQ's bio-engineering demonstration project on the West Fork of Dairy Creek
has initially identified twenty-four sites for restoration, three of which require rock rip-
rap. In the initial budget the average cost for the three sites for rip-rap alone is $1,466.
The average cost for all twenty-four sites is $745, not counting a 40% contingency
budget.

The Oregon Department of Fish and Wildlife has a Salmon and Steelhead Production
Plan for the Tualatin River which calls for two improvements to Gales Creek. The Plan
recommends that fish passage structures be installed on the Balm Grove Dam and the
Clear Creek Dam. ODFW estimated the cost of these actions to be $5,000 at each dam.
One of the co-authors, Eric Olson, stated that figure was for budget purposes and that he
did not recall how it had been generated.

Cost Sharing Program

The Washington County Agricultural Stabilization and Conservation Service has
recently been authorized to release funds for Water Quality Incentive Projects (WQIPs) in
the Dairy-McKay HUA (ASCS,1992). The program is designed to encourage farmers to
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incorporate management practices that will improve water quality. The program will pay
farmers to adopt certain practices. No farmers in Washington County are currently
enrolled in the program and ASCS staff indicated the exact maximum subsidies available
have not been determined since no projects have been done (Boldt,1993). Guidelines for
implementing WQIPs indicate that payment for all practices is not to annually exceed an
average of $25 per acre. Costs were not estimated for adopting ASCS standards but based
on adopting the more conservative standards in this study the $25 per acre payment would
represent 1-3 percent of the cost of restoration. It should be noted that the WQIP cost
sharing program does not reduce costs, it transfers some of the costs to national
taxpayers.

Summary of Costs of Riparian Restoration on Gales and Dairy Creeks

The total projected costs of restoration depend on the standards adopted and
assumptions made. Costs for non-biological structures and ODFW projects are excluded.

Costs for the 19.7 miles of Gales Creek average to about $6,000 per mile; for the
26.13 miles of Dairy Creek costs averaged to about $21,000 per mile.

It can be seen that a major influence on cost is the value of land once it is retired from
production. The cost of achieving this level of protection without an alternative such as
mitigation banking is approximately $540,00 greater than if a mitigation program paid
farmers the full cost of retiring land from production.

Benefits of Riparian Restoration

Proper estimation of the economic benefits of restoring a riparian area would require
two things to be known; first, all of the physical and biological effects of the restoration
and, secondly, how much people would pay for these effects. This information is not
available for Gales or Dairy Creek, nor is it likely to become available. Information is
available on other areas and this can be used to learn what might happen if riparian areas
were restored along Gales and Dairy Creeks. It would be preferable to only examine areas
that are quite similar to Gales and Dairy Creeks, however, the paucity of sound studies
necessitates the examination of wetland areas that are physically and geographically
different from either Gales or Dairy Creeks. A good deal of the economic research on
wetlands is concerned with coastal wetlands and the riparian areas of arid grazing lands.
An effort was made to exclude these studies from consideration.

The beneficial functions of riparian zones have been investigated and described from a
variety of different perspectives; timber and forest management, agricultural, fishing and
hunting, civil engineering, land use and others (Meehan, 1991). Benefits that are
commonly associated with riparian zones include trapping sediment and nutrients,
providing shade to reduce stream temperature, providing food and cover for wildlife,
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providing large organic debris to the stream, and moderating cumulative watershed
effects (Belt et al., 1992).

This diversity of perspectives when valuing riparian areas increases the difficulty in
trying to estimate what a total value would be. There appears to be limited systematic
description of the relationships between a riparian area's specific physical characteristics
to human uses to economic values. Instead, valuation studies can be lumped into different
types; sediment, recreation, land price, and what might be called 'total value'.

Sediment studies tend to be concerned with civil engineering impacts. Recreation
studies focus more on fishing, hunting and general recreation values and tend to ignore
the specific riparian characteristics that give rise to these values. Likewise, land price
studies tend to use aggregate riparian characteristics to explain differences in land prices.
Total value studies carry this aggregation one step further; not only is the riparian area
considered as an aggregate of all its characteristics but all uses are aggregated as well.
The question simply becomes, what is a riparian area worth?

This paper will review previous studies by type and apply the results to Gales and
Dairy Creeks where possible.

Decrease in sediment

Sediment has both in-stream and off-stream impacts. In-stream impacts include
biological, recreational, water storage in lakes and reservoirs, navigation and mechanical.
Off-stream impacts include flood damage, water conveyance, water treatment,
agricultural and mechanical (Clark et al., 1985)

Sediment can reduce the recreation value of a water way by decreasing its esthetic
quality and by making its use more hazardous. Clark et al. estimate that as many as 200
swimming or boating deaths nationally per year could be a result of turbid waters.
Although no estimate is made of this impact some of the recreational value of clean water
may also be expressed in land prices if people pay more to live on a less turbid section of
a stream.

Sediment impacts water storage in Lake Oswego by slowly settling and filling the
reservoir(Schaeffer,1993). Lake Oswego managers hired a consultant to examine the
sediment problem in the lake in 1985 or 1986. The analysis estimated that approximately
700 truck loads of sediment per year settled in the lake. Chuck Schaeffer, the Lake
Oswego warden, estimated that about 75 percent of the sediment is from the Tualatin
River. The lake managers have started dredging operations in recent years and are now
budgeting money for periodic dredging. Mr. Schaeffer stated that their goal is to fund a
dredging operation about every five years. He stated that he is well aware of the upstream
causes of sediment in the Tualatin River and is concerned about overall water quality in
the river. In 1988 3,000 cubic yards were suction dredged from the main canal into Lake
Oswego at a cost of $40-$60 per yard or $120,000 to $180,000. In 1992 20,000 cubic
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yards were removed as dry material when the lake was emptied at a cost of $250,000 or
about $12.50 per yard. Although the dredging actually performed by Lake Oswego
management is limited by their budget, the economic cost of the sediment must be
calculated based on the sediment that is deposited in a year even if it is not dredged that
year. Assuming 75 percent of the 700 truckloads of sediment is from the Tualatin and that
each truckload is 6 cubic yards (Schaeffer,1993), the Tualatin is responsible for
approximately 3,150 cubic yards of sediment per year deposited in Lake Oswego. The
cost of dredging in highly dependent on the method used. Although using heavy
machinery to remove the sediment as dry material is a relatively inexpensive earth
moving method, there are costs associated with draining the lake necessary prior to using
this method such as loss of hydro-power, recreation and esthetics. The $40-$60 cost per
cubic yard may be a more accurate estimate of dredging cost in Lake Oswego. This would
suggest the annual cost of sediment from the Tualatin to be $126,000 to $189,000.
Capitalized at 8 percent this would represent a cost of $1.5 to $2.3 million. Although this
figure may appear high Mr. Schaeffer mentioned in conversation that the cost of dredging
the entire lake to remove the historical sediment build-up would cost millions.

Sediment affects navigation by filling in channels which then must be dredged.
Operating the Port of Portland requires the lower Willamette River to be dredged at an
average annual cost of $270,125 (1984 dollars) or $0.85 per ton of sediment removed
(Moore and McCarl, 1987). The Washington County Soil and Water Conservation
District estimates that Gales Creek and the middle fork of Dairy Creek contribute more
than 5,000 tons of sediment annually to the waterway from stream bank erosion. They
have also classified 85,000 acres of cropland in the county as having erosive soils in need
of protection (Washington County SWCS, 1991). The Washington County Soil
Conservation Service has established soil loss goals for much of the area's cropland in the
range of 3 to 5 tons per acre (SCS, 1993). If all conservation practices are adopted on
county cropland and we assume an average loss of 4 tons per acre this would an yield
annual soil loss of 340,000 tons from the 85,000 acres. Little information was found that
would relate cropland soil loss in Washington County to the amount of sediment that
would need to be dredged from the lower Willamette. Sheryl Carrubba of the U.S. Army
Corps of Engineers stated that most of the material dredged is fine sand and it was her
opinion that little if any material came from the Tualatin (Carrubba, 1993). If it is
assumed that one percent of the eroded soil would later be dredged this would be a cost of
$2,890 per year or $36,125 if capitalized at 8 percent.

In-stream mechanical impacts of sediment could include the wear on the turbines at
the hydro-power facility at Lake Oswego and wear on boat motor cooling systems and
propellors used anywhere downstream of the sediment source. Mr. Schaeffer, the Lake
Oswego warden, stated that no action had been taken on the turbines as a result of
sediment. No estimate of this impact was made.

Sediment can increase flood damage by both filling and altering a stream channel to
make flood waters higher and by covering the flooded area even after the water recedes.
Although a destructive flood is possible, Gales and Dairy Creeks are higher than the
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adjoining Tualatin Valley and the soils have greater infiltration capacity (Miner,1993).
The Tualatin River did have a major flood in June of 1991. No estimate of increased
flood damages due to increased sediment was made.

Sediment can impact irrigated agriculture by forming a crust on the soil which can
inhibit water infiltration and seedling emergence (Clark et al., 1985). This is more likely
to occur with furrow irrigation which is uncommon in the Gales or Dairy Creek areas.
Neil Rambo, the Washington County Extension agent reported that he had seen no
evidence of this problem in the study area (Rambo, 1993).

Sediment can impact water conveyance by filling in ditches and clogging pipes.
Irrigation ditches are used from Gales and Dairy Creeks and the local water master stated
he believes they are cleaned periodically, probably once a year. Although riparian zones
may be 90-95 percent effective at removing sediment from overland flow (Lowrance et
al., 1985), this is not the only source of sediment in a stream so ditches would still require
maintenance. Considering just the case of the short irrigation ditches used to connect the
stream to the irrigation pumps and assuming an average ditch length of 25 feet, cleaning
requirements to be reduced by half due to improvements in the riparian zone, normal
cleaning costs to be $0.50 per foot ( half of construction costs), savings for Gales Creek
would be $206 per year and savings for Dairy Creek would be $269 per year, capitalized
at 8 percent these would be savings of $2,575 and $3,362, respectively. Much of the
irrigation water in the area is delivered by high pressure pipes. The Washington County
Extension agent, Neil Rambo, reported that sediment is rarely a problem in these systems
although sand will occasionally clog smaller sprinklers. A study of a water quality
improvement project for Rock Creek in Idaho (Young and Magelby, 1986) estimated a
benefit of $185,000 per year for an 18,000 ton per year reduction in sediment in irrigation
ditches. Unfortunately, the authors did not state their methods, the management practices
undertaken or how many miles of ditch were involved.

Off-stream mechanical impacts include wear on irrigation pumps and the increased use
of electricity to pump sediment along with irrigation water. No estimate of these impacts
was made for Gales and Dairy Creeks although one estimate of increased electrical use
nationwide is 5 to 6 million kilowatt hours (Clark, et al., 1985).

Sediment must be removed from municipal drinking water supplies. This is often done
by settling, filtration and the use of chemicals such as aluminum sulfate and lime (Moore
and McCarl, 1987). An regression analysis of water treatment costs in Corvallis yielded a
cost elasticity for turbidity which revealed that a 1 percent decrease in turbidity would
reduce treatment costs by approximately 1/3 of a percent (Moore and McCarl, 1987).
Treatment costs for sediment were estimated at $20 per million gallons. Karl Borg at the
City of Hillsboro water treatment plant estimated that their plant treated 15-16 million
gallons per day on average for the city's population of about 43,000 (Borg, 1993). Plant
capacity is 40 million gallons and the peak day so far this year has been 35 million
gallons. The treatment plant does not calculate sediment treatment costs separately but it
uses a treatment process similar to that modeled by Moore and McCarl with the exception
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that it also operates drying beds for the sediment removed. This represents an additional
cost not accounted for. Using the Moore and McCarl model, a 1 percent reduction in the
turbidity of the Tualatin River would mean the City of Hillsboro could reduce its
treatment cost by about $0.066 per million gallons or about $1 per day at the current level
of water use. Capitalized at 8 percent this would be a benefit o f $4562, however the
relationship between establishing riparian zones and percent reduction in turbidity
remains unknown.

Although not strictly concerned with sediment or economics, several studies have been
conducted on a site near Tifton, Georgia relating riparian zone management to nutrient
cycling. One study (Lowrance et al., 1985) measured nitrogen and phosphorous inputs to
a riparian zone and stream outflows and estimated that denitrification and storage in
woody vegetation in the riparian zone accounted for six times more nitrogen removed
than occurred in stream outflow. About equal amounts of phosphorous were taken up by
vegetation and removed by stream outflow. A second study (Fail et al., 1987) measured
nutrient uptake and riparian forest biomass production. A test site that was adjacent to
and downstream of a pigpen yielded roughly twice the total biomass per hectare as the
next highest site and also about 50 percent more biomass production per year. The
authors noted that trees in nutrient rich areas may be maintained longer in the 'bloom'
stage of their successional cycle yielding higher growth rates longer.

Land Price

Restoring riparian areas may make them more attractive to live close to. The trees,
cleaner water and possibly an increase in wildlife viewing are esthetically pleasing to
some people and they may be willing to pay relatively more to purchase a home near a
riparian area. If this occurred for Gales and Dairy Creeks, property values near the
streams would rise as the areas were restored and this would constitute a measurable
benefit of restoration. A common method for measuring this change in land prices or
property values is to sample house or land prices at different distances from the riparian
area and analyze any correlation between price and distance while adjusting for other
characteristics, e.g. lot size, number of bedrooms. This is accomplished by multiple
variable regression analysis.

An analysis of property values and wetlands proximity in Minnesota (Doss and Taff,
1993) compared the relative value of four different types of wetlands; forested, scrub
shrub, emergent vegetation, and open water. Their results did not lend themselves to
calculating a total value for any particular wetland but did seem to indicate that scrub
shrub and open water wetlands were preferred, in the housing market at least, to forested
and emergent vegetation wetlands. The authors indicated this may be due in part to the
greater 'visual variety' that scrub shrub and open water wetlands provide. The authors
compared six different models of the price/distance relationship and as a result generated
different estimates of what the relationship was. Homeowners were willing to pay from
about $80 to minus $90 to live 10 meters closer to scrub shrub wetlands. Two of the six
models showed homeowners paying less to be closer to scrub shrub wetlands while four
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models showed homeowners paying more to be closer. Homeowners were willing to pay
from $69 to minus $47 to live 10 meters closer to open water wetlands. One model
showed homeowners paying less to be closer to open water wetlands while five models
showed the homeowners willing to pay more. Although the results were statistically
significant the additional price that homeowners were willing to pay to be closer to
wetlands was not large when compared to the total property price, which averaged
$88,000 in the sample taken. However, a wetland's total influence on property values
would be determined by aggregating the benefits (or losses) from all affected properties.

Recreation

Gales and Dairy Creeks provide opportunities for fishing, hunting, canoeing and other
recreation, however, these opportunities may be limited by poor water quality and lack of
public access to the streams. As stated earlier a canoe trip was made down a portion of
Gales Creek to verify photographic interpretation. No other canoeists were encountered
but several fisherman were observed. There is very little public access to the streams;
usually just where public roads bridge the creeks. This was where the fishermen were
encountered. There are at least two small public parks along Gales Creek. One, just below
Roderick Road, appears to enjoy light use by fishermen since there is no parking area,
just a pull-off on the shoulder of the highway. The other is much farther upstream where
the creek is quite small and the area is forested. No public parks were identified on Dairy
Creek although they may exist.

The Oregon Department of Fish and Wildlife wrote a Salmon and Steelhead
Production Plan for the Tualatin River in 1990 (ODFW, 1990). The costs of
implementing the steelhead plan include those already listed in the restoration budget for
Gales and Dairy Creeks plus and additional $860,000 for work on the Lake Oswego canal
and dam. This is expected to yield a steelhead harvest of 3,122 fish. For the period 1980-
1986, the average annual harvest in the basin was about 330 fish and ODFW estimated
the out of basin harvest at 149 steelhead. Adopting the plan would yield an additional
2,643 steelhead. The actions required for implementing the salmon plan were similar to
those required for the steelhead plan and no additional expenditures were required. Coho
salmon harvest for the period 1980 to 1985 averaged 7 salmon per year in the basin and
the ODFW estimated the out of basin harvest at 6,412 salmon per year. ODFW planners
stated that the model used to determine potential salmon harvests showed that there
would be no improvement in those harvests if the plan was adopted. They felt this was an
unreliable forecast due to poor data and that the harvest could possible increase by 2,541
salmon per year. In personal communication, one of the authors, Eric Olson, stated that
undue confidence should not be placed in the harvest forecasts since some data used in
the model was not generated within the Tualatin Basin (Olson, 1993).

In sportfishing the economic value of fish is highly dependent on the harvest site and
species (Loomis, 1989). Travel cost and contingent valuation techniques have been
widely used to estimate the value of fish. Of course, values differ somewhat between
studies. Loomis (1989) used a travel cost method to estimate the value to an angler of an
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additional fish caught if small increases in the steelhead harvest occurred in twenty-one
Oregon rivers. These values, called marginal values, ranged from $18 for a fish caught
in the Coos River to $333 for a fish caught in the Willamette. Values were generally high
in more urban areas. Values for the Clackamas and Sandy Rivers were $176 and $115
respectively. A study by Olsen et al. (1991) used the contingent valuation method, a
survey in which respondents are asked how much they would be willing to pay to gain
something, in this case a doubling in size of steelhead and salmon runs in the Columbia
River basin. They surveyed angler and non-users (who would pay just to ensure the
existence or viability of the runs) and estimated the total value of additional salmon or
steelhead (no distinction was made) to be $68.49 per fish. In separate analysis they
estimated just the sportfishing values of salmon and steelhead in the Columbia basin and
estimated the marginal value of steelhead to be $54.84 and the marginal value of salmon
to be $18.47. Johnson and Adams (1988) used a contingent valuation survey to analyze
the marginal value of steelhead in the John Day River as part of a study to estimate the
value of increases in instream flow. The authors estimated the value of additional
steelhead to be $6.65 per fish. In personal communication with Dr. Adams he stated that
the value may have been lower than in other years due to high harvest levels while the
survey was being conducted. If anglers are already very successful they may not be
willing to pay as much for additional fish. Loomis (1989) estimated a value of $41 per
steelhead for the John Day. Factors that might lower the value of fish in the Tualatin
basin could include poor public access, water quality, esthetics and reputation. On the
other hand restoring riparian areas along the river might improve some of these
conditions to the point that a reputable sportfishery would be established close to a
metropolitan area. In this case the Tualatin may yield relatively high marginal values for
fish. It cannot be over emphasized that the marginal values for fish are site specific and
that no analysis has been presented for the Tualatin. If a marginal value of $60 per
steelhead and $20 per salmon were assumed the annual value of adopting the ODFW
production plan would be $209,400. Capitalized at 8 percent this would be a total benefit
of about $2.6 million.

The ODFW no longer collects hunter information on a county basis and their
waterfowl personnel could provide no estimate of the number of hunters that might use
riparian areas. Although different types of hunting can occur in a riparian area the most
common use may be waterfowl hunting. The value of a bagged bird in the Pacific flyway
has been estimated at $3.10 to $3.29 (Hammack and Brown, 1974). Payments for
farmland set asides for breeding habitat are also used. A three county program in
Minnesota restored 1,460 acres of wetlands and 3,700 acres of adjacent uplands at an
average annual lease cost of $64 per acre (Madsen, 1986). A survey of Canadian
landowners by van Kooten and Schmitz (1992) revealed that farmers would be willing to
set aside wetlands for waterfowl production if they received $61.80 per acre annually.
The Canadian set aside program at that time was only paying $40 per acre annually.

Other recreation values of Gales and Dairy Creeks or the Tualatin are more difficult to
estimate but potentially very high. One difficulty lies in the fact that the streams are not
currently being widely used for recreation (Wolgamott, Personal communication,1993)
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therefore a large, identifiable population does not exist from which to gather information.
Another difficulty is that changes in recreation values resulting from riparian and water
quality improvements may not be the small marginal changes that economic analysis is
designed to handle. Improvements in riparian and water quality may lead to increased
demand for public access to the streams and for public facilities along the streams which
would increase recreation values in a dynamic process.

Total value

Many of the benefits of riparian areas may arise in a dynamic fashion yet many of the
specific physical and biological processes that provide the beneficial characteristics are
not completely known. Some studies have used methods that attempt to address these
concerns.

One method used to handle the dynamic nature of change is to model the relationships
that exist between the different sectors of the economy, especially the ones affected by the
riparian area in question. For example retiring land from agricultural production may
decrease fertilizer sales. Decreased fertilizer use may help improve water quality and
increase demand for residential land. Analysis of this type might be used to investigate if
total land value in the county would increase or decrease. Leitch and Scott (1984) used
this type of analysis, called input-output, to examine the effects of wetlands
improvements on local economies. Programs existed in their study area, north central
North Dakota, to pay farmers to retire land from production to improve wetlands,
primarily for waterfowl production. The authors intended to find if additional payment
should be made to compensate residents for losses due to dynamic or indirect effects.
Their results indicated that a wetland provided annual personal income of $29 per acre
from recreation, flood protection and construction activity but that income from uses prior
to restoration had generated $83.41 per acre, implying that an additional payment of
$54.41 per acre was required to make everyone in the region as well off as they had been.
A significant limitation in their analysis is the types and scope of values they attribute to
wetlands. The total recreation value is assumed to consist solely of local hunting. No
values were included for changes in property values nor were esthetic values estimated.
Although input-output studies are very useful, they have limits in valuing all types of
benefits.

Contingent valuation analysis is used to estimate benefits of riparian areas, among
other things, when these benefits are not normally exchanged in a market at observable
prices. For example, one benefit of restoring Gales and Dairy Creeks would be that a
person could go swimming there five years from now. No market exists to sell a
swimming trip in the future, at least on Gales or Dairy Creeks, yet area residents may be
willing to pay some small amount to do just this. The contingent valuation method uses a
structured interview to determine a person's willingness to pay for the benefits that result
from a specific scenario, in this case, restored riparian habitat. No such analysis has been
done for Gales or Dairy Creeks but other studies may be illustrative.
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A study of Colorado rivers (Sanders, et al., 1990) estimated the total value residents of
the state would be willing to pay to protect certain rivers under the Wild and Scenic
Rivers Act of 1968. The authors estimated not just recreation value but also preservation
value as well. The benefits of preserving a river could arise from having the option to use
the river in the future, simply knowing its existence is secure or from lewing the river as
a bequest to future generations. Fifteen rivers were studied. The total annual value of
protecting the top three was $39.80 per household or about $47.1 million dollars for the
entire state. As more rivers were offered for protection, the total amount people were
willing to pay increased but at a decreasing rate. Residents were willing to pay $74.32 per
household per year for protecting the top seven rivers. The authors estimated the
recreation value of the rivers separately from the preservation value. The top three rivers
had a recreation value of $7.54 per household and a preservation value of $32.26. The top
seven rivers had a recreation value of $14.08 and a preservation value of $60.24.
Although the Colorado rivers are quite different from Gales or Dairy Creeks, and the
Tualatin as well, it is important to note that people may be willing to pay significantly
more to preserve a river for non-uses than they would pay to protect it for recreation.

A contingent valuation study of the San Joaquin Valley in California (Hanemann, et
al., 1991) estimated the annual amount California households would be willing to pay to
make improvements to valley wetlands and to increase instream flows for salmon and
riparian habitat improvement. The estimated willingness to pay for wetlands
improvements was $251 per household annually. The estimated willingness to pay for
increase in water flows was $181 annually. The authors did not attempt to estimate the
benefits of different uses or non-use as the Colorado study (Sanders et al., 1990) did but
instead estimated a single value that respondents would place on wetland and instream
flow regardless of why the respondent would benefit. In this respect, contingent valuation
is a much more direct method of arriving at the value of riparian areas. Instead of
attempting to determine every specific characteristic of a riparian area and how it may be
beneficial or detrimental to people and then estimating the value of the benefit or
detriment, contingent valuation assumes that individuals understand how a riparian area
affects them and only attempts to elicit their final willingness to pay.

A contingent valuation study of the The Nature Conservancy's Hassayampa River
Preserve in south central Arizona estimated the value of the Preserve in its current
condition, and its potential value if streamflow was increased from intermittent to
perennial (Crandall, 1992). A travel cost survey of visitors was used to estimate the
current annual value of the Preserve at $613,360. The additional value resulting from
increased streamflow was estimated to be $520,000 per year. For the 8,000 annual
visitors to the Preserve this represents an additional willingness to pay of $65.

In Kentucky, forested wetlands are threatened with destruction by surface coal mining.
A contingent valuation study (Whitehead, 1990) estimated the annual willingness to pay
for preserving the wetlands to be $6.31 or $12.67 per household depending on the model
used to explain the underlying relationships. This represents a total value of $2.94 million
or $5.91 million for all Kentucky residents. The willingness to pay per acre of wetland
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was $588 or $1182. Using less conservative aggregation assumptions the willingness to
pay was estimated to be $1896 or $3810 per acre. Although the study did not specifically
test for the reason respondents valued wetlands, the author attributed a large portion of
the total value to non-use value held by recreationists that had not used the specific
wetland being studied.

One of the limits to the usefulness of examining studies of other wetlands is the degree
to which they are similar to Gales and Dairy Creeks or the Tualatin. The value of high
quality trout streams in -the mountains of Colorado may be quite different from the value
of Dairy Creek, even in a fully restored condition. One study to be examined estimates the
willingness to pay for improvements in river quality for "ordinary" rivers in the cornbelt
of Iowa and Illinois (Lant and Roberts, 1990).

The study area included several river basins and sampled the residents of fourteen
towns located in the basins. No biological analysis was done of the existing condition of
the rivers but "Clark et al. (1985) estimate that 100% of the river basins in the Cornbelt
are significantly affected by agricultural nonpoint pollutants". The Lant and Roberts
(1990) note that many wetlands in the areas have been drained and that "Riparian
environments (floodplains) are now the most forested and ecologically unique landscape
feature in much of the region."

A contingent valuation survey was used to examine the willingness to pay for three
different steps in improvement to river quality; from poor to fair, from fair to good, and
from good to excellent. The study estimated separate values for recreation and non-use.
The mean annual values per household for recreation were $30.50, $37.10 and $41.51 for
the three river quality steps (P-F, F-G, G-E) respectively. The mean annual values for
non-use were $37.61, $47.16, $43.22 for the three steps. Total values were $68.11,
$84.26, $84.73.

Lant and Roberts (1990) provide additional evidence that a region's residents may
place significant value on a riparian area and that a large portion of that value may simply
be in preserving the area in a healthy condition. Whether or not residents of the Tualatin
basin value their river in a similar fashion can only be determined by further
investigation.

Summary of Benefits of Riparian Restoration on Gales and Dairy Creeks

At least four of the benefits of restoring Gales and Dairy Creeks merit further
discussion and investigation; reductions in dredging sediment, especially in Lake
Oswego; reductions in water treatment costs and improvements in municipal water
quality; improvements in fish production and recreational fishing; and increases in non-
use and other recreation values.

Reducing the cost of dredging Lake Oswego would be a substantial and identifiable
benefit of riparian restoration in the Tualatin. It may also be a large enough benefit,
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relative to transactions costs, to warrant a compensation scheme. It may be that Lake
Oswego residents would be willing to spend some of their money budgeted for dredging
on upstream sediment reduction projects.

Although reductions in municipal water treatment costs may not currently be a large
benefit as calculated in this study it may be quite significant. Not only is the population
of Washington county expected to grow but human health concerns were not addressed in
this study and they may be an important benefit.

The value of salmon and steelhead fishing is quite speculative but potentially very
high. Further research is needed to clarify what level of harvest is likely if stream
restoration occurred and what other changes, such as improved access, would increase the
value of the runs.

Possibly the largest benefit could be the realization of preservation, or non-use values.
Unfortunately these values are difficult to measure and perhaps even more difficult to
collect from people. This in no way makes this benefit of restoration any less real.

With the information currently available it is not possible to estimate a precise cost
and benefit for different levels of riparian restoration to determine the optimum level of
protection. It is possible to state that there are potentially significant benefits and that they
could exceed the costs of restoration.
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The Tualatin River has been designated a water quality limited-stream due to
elevated P and N levels. In an effort to limit nonpoint pollution, Best
Management Practices (BMPs) have been implemented in the agricultural
portion of the basin. To evaluate the effectiveness of these BMPs, stream water
quality parameters have been measured every 14 days at ten locations in an
agricultural sub-basin of the Tualatin River Watershed. Stream P and N,
temperature, pH, DO, EC, macro-cations, chloride, fecal bacteria, and suspended
solids are the parameters measured. The long term data set allows us to follow
trends in water quality as Best Management Practices are implemented along the
stream reaches.

Key Index Word: NPS Pollution, Phosphorus, Land-use,
BMP

INTRODUCTION

This project has been funded by the Oregon Department of Environmental Quality and the Environmental Protection
Agency under the Oregon State Clean Water Act Section 319.

A database with three consecutive years of year-round water quality data collection and analysis has been compiled for
the Dairy-McKay Hydrologic Unit Area (HUA). Land use within the HUA consists primarily of agriculture. This
project has been partially a monitoring program that was the only on-going BMP effectiveness monitoring project in
the Tualatin river watershed. It represents a potential model monitoring program for other effectiveness monitoring.

This project monitors the effectiveness of imposed "on-the-ground protection" as mandated by Best Management
Practices (BMPs) and the Water Quality Incentives Program (WQIP). However, watersheds can respond slowly to
these changes due to the "buffer capacity" of the system. In other words, how fast will a system respond in the form
of improved water quality, to regulation changes (i.e. nutrient management for P and N), as well as how much BMP
implementation is necessary to see a response? Additionally, seasonal variations (rainfall, temperature, shading,
stream course) make evaluation of effectiveness difficult to compare from year-to-year, and from site-to-site.
Continued year-round monitoring is necessary over an extended period of time to improve our understanding of the
effectiveness of BMPs.

Acreage Under BMP Plans With Natural Resources Conservation Service (NRCS) (1)

The HUA for NRCS has been expanded to include all of Washington County, therefore, the current information is
for all of Washington County. There is a total of approximately 176,000 acres of non-urban land in the county. Of
this acreage, approximately 13% is identified as non-point sources. The break down of this acreage is; approximately
130,000 acres of crop land, approximately 26,000 acres of forested land, and approximately 20,000 acres of pasture
land.
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The total number of acres under BMP plans with the NRCS is 23,663. Of this 23,663 acres, NRCS has 87 BMP
contracts that comprise 17,450 acres in direct connection with programs such as the Water Quality Improvement
Program (WQIP) and the Confined Animal Feeding Operation (CAFO). The remaining 6,213 acres consist of plans
for erosion control or plans that had been worked-up prior to the WQIP. Although these plans are not a direct result
of water quality based BMPs, they are inevitably linked to water quality.

This study involves the Dairy-McKay Hydrologic Unit Area, whieL involves approximately 112,000 acres of
forested and agricultural land. It is difficult to link the Washington County BMP / acreage data directly to the water
quality data within the Dairy-McKay HUA. The BMP / acreage data must be broken down into data for the individual
hydrologic areas.

An on-going, year-round monitoring program is necessary when establishing an environmental database for a given
watershed. Support of this critical work should, ideally, come from the community it serves. However, the
agricultural community has not historically had a method of raising funds to support such an effort. The NRCS-
HUA program also has not historically funded any monitoring to assess the effectiveness of implemented programs.
Once the benefits of such monitoring are appreciated, it is expected that state and local agencies will assume funding
responsibilities. However, in the meantime the continuation of an on-going water quality data collection project is
critical in the evaluation of BMP and WQIP effectiveness.

METHODS AND MATERIALS

Sampling occurred every 14 days, year-round over the life of the project. Dissolved oxygen, electrical conductivity,
pH and temperature were measured using an Aqua Check in-stream multi-probe (ICM) and recorded in the field. In-
stream flow measurements were taken using either a pygmy or an A-A current meter as the water level decreased to
depths at which it was safe to enter the stream.

Phosphorus (ortho and total), total suspended solids, alkalinity, Ca 2+, Mg2+, K+, Na+, Cl ammonia-nitrogen,
nitrate/nitrite-nitrogen, and enterococci were determined by laboratory analysis. The phosphorus (ortho and total),
ammonia-nitrogen, and nitrate/nitrite-nitrogen are all measured on a RFA 300 (Alpkem) using flow injection
analysis. The total phosphorus samples were digested using the persulfate digestion. The macro-cation concentrations
are determined using an Atomic Absorption spectrophotometer (Perkin Elmer). Total suspended solids were
determined gravimetrically on glass fiber filters (Whatman), and the CI" concentrations were determined using an ion
selective electrode (Orion). Alkalinities are determined by titration with 0.02N H2SO4 to a pH of 4.5. Enterococci
values are acquired through plate counts performed by another laboratory (2). Table I lists the detection limits and
method references for all laboratory analysis, as well as the detection limits of the field equipment.

The Jarrell / Abrams Research Laboratory has continuously participated in a quality assurance / quality control
program with the United States Geological Survey since the beginning of the project. Additionally, the Jarrell /
Abrams Research Laboratory participates in the annual Designated Management Agency (DMA) quality control
sample split. All data is, or will be up-loaded into the Environmental Protection Agency STORET data base.
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TABLE I
Parameter Units Detection	 Limit Method Refefence

Total Phosphorus mg/L 0.02 Stand. Meth. 17th 4500-P-B5&F
Orthophosphorus mg/L 0.01 Stand. Meth. 17th 4500-P-B1&F

NH3-N mg/L 0.02 Stand. Meth 17th 4500-NH3-H
NO2/NO3-N mg/L 0.02 Stand. Meth 17th 4500-NO3-F

Total Suspended Solids mg/L 0.2 Stand. Meth 17th 2540-D
Ca2+ mg/L 0.25 Stand. Meth 17th 3111B
mg2+ mg/L 0.25 Stand. Meth 17th 3111B
Na+ mg/L 0.5 Stand. Meth 17th 3111B
K+ mg/L 0.1 Stand. Meth 17th 3111B

Enterococci CFU//100m1 1 Stand. Meth. 16th 910C
CI" mg/L 0.1 Stand. Meth 17th 4500-C1-D

Alkalinity mg/L 1.0 Stand. Meth 17th 2320B
Temperature °C 0.1 N/A

Dissolved Oxygen mg/L 0.1 N/A
pH pH units 0.1 N/A

Electrical Conductivity gmho/cm 0.1 NA

TABLE I: Water quality parameters and methods used in BMP effectiveness
monitoring in the Dairy-McKay HUA.

DISCUSSION

A clear upward or downward trend in phosphorus concentration over the three years of study can not be determined for
either total phosphorus (figure 1 and 2) or orthophosphorus (figures 3 and 4). However orthophosphorus tends to
follow a cyclic pattern in which the concentration is higher in the summer months and relatively lower in the winter
months.

Total Phosphorus
Concentration

DATE

FIGURE 1: Time series average of all sites for total phosphorus collected in the Dairy-McKay
HUA.
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FIGURE 2: Time series moving average of all sites for total phosphorus. Each point is the
average of all sites, and the average of the six prior sampling sessions. Noise in the data is
reduce accentuating seasonal trends.

Figures 2 and 4 are moving averages of total and orthophophorus in an attempt to "dampen out" noise. Each point is
the average of all sites, and the average of the six prior sampling sessions. These charts help accentuate the seasonal
fluctuations that are dominating the data sets.

Orthophosphorus
Concentration

DATE

FIGURE 3:3: Time series average of all sites for orthophosphorus collected in the Dairy-McKay
HUA. Consistent seasonal variations are evident, with lowest concentrations in the winter and
higher concentrations in the summer.
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FIGURE 4: Time series moving average of all sites for orthophosphorus collected in the Dairy-
McKay HUA. Each point is the average of all sites, and the average of the six prior sampling
sessions. Noise in the data is reduce accentuating the seasonal patterns.

From figure 5 it can be seen that the total phosphorus tends to follow the seasonal cyclic pattern of higher
concentrations in the summer and lower concentrations in the winter. In-stream phosphorus concentrations may be
augmented by interactions with the stream bottom sediments. From Dr. Tim Mayer's (3) research we know that iron
phosphates are very significant in the Tualatin Basin. As sediments become anaerobic, iron is reduced and is
solubilized. This can result in release of phosphorus from solid iron phosphate as well.

Phosphorus Concentration

Orthophosphorus	 – Total Phosphorus

FIGURE 5: Time series average of all sites for total phosphorus and orthophosphorus
collected in the Dairy-McKay HUA. Total phosphorus follows the same seasonal
variations as orthophosphorus.
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Figure 6 shows the fraction of the total phosphorus pool that is in the ortho-, soluble, bio-available form of
phosphorus. It can be seen that a slight downward trend is revealed indicating that a smaller fraction of the total
phosphorus is bioavailable over time.

Orthophosphorus Fraction of
Total Phosphorus
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FIGURE 6: The fraction of the total phosphorus that is in the orthophosphorus form
over time for the Dairy-McKay HUA. The plot indicates that the bioavailable fraction
of the total phosphorus is decreasing over time.

The values for dissolved oxygen based on percent of potential saturation show a cyclic pattern (figures 7 and 8) in
which the percentage saturation increases into the winter months and decreases into the summer months. Beyond the
seasonal fluctuations, an improving trend is suggested by these data.

Figure 8 is a moving average of the dissolved oxygen percent saturation in an attempt to "dampen out" noise. Each
point is the average of all sites, and the average of the six prior sampling sessions. This chart helps accentuate the
seasonal fluctuations that are dominating the data sets, as well as the increasing trend.

Dissolved Oxygen Percent
Saturation

DATE

FIGURE 7: Time series average of all sites for dissolved oxygen percent saturation for
the Dairy-McKay HUA. Seasonal variations are evident, as well as an increasing
trend.
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FIGURE 8: Time series moving average of all sites for dissolved oxygen percent
saturation. Each point is the average of all sites, and the average of the six prior
sampling sessions. Noise in the data is diminished and seasonal variations, as well as
an increasing trend is accentuated.

This pattern can be the result of changes in rainfall, stream temperature (figure 9), stream flow turbulence, mixing,
and biological and chemical oxygen demands. However, figures 7 and 8 show an increasing trend in the percent
saturation may be occurring over-all. It is difficult to determine if this increasing trend is in response to BMPs or
changing seasonal characteristics (i.e. rainfall, temperature, shading, stream flow dynamics). An increasing trend in
seasonal precipitation from fall 1992 through summer 1995 has been occurring. As rainfall increases stream flows
also increase resulting in more turbulent stream mixing, facilitating the dissolution of oxygen into the stream water.
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FIGURE 9: Time series average of all sites for stream temperature in the Dairy-McKay
HUA. Consistent seasonal fluctuations are evident.
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SUMMARY AND CONCLUSIONS

Changes in land use are often imposed without sufficient follow-up to determine the effectiveness of the regulation.
Oregon Graduate Institute of Science and Technology has collected three continuous years worth of year-round data
within the Dairy-McKay HUA. Data collected through 1994 has already been up-loaded into the EPA STORET
database, as the data collected in 1995 will be. Numerous in-stream relationships have been investigated using this
data, however it is important to monitor and analyze chemical and physical parameters over more of an extended
period of time, (seven to ten years), in order to confidently determine the effect that land use changes have on a given
system.

Water quality within the HUA remained relatively unchanged during the project. The data revealed relatively
consistent fluctuations in response to seasonal changes. In fact, the amplitude of the seasonal variations in the data is
much larger than any observed mean increases, thus "swamping out" any short-term trends. It is because of this that
any trends observed must be considered suggesive but far from conclusive. Correlations, relationships, and trends
obtained from a short-term data set may be evaluated incorrectly. As an example, figure 10 (4) is a figure from a
paper by Charles R. Goodman. It shows the change in secchi disk depths over time. The data set spans 19 years and
shows a remarkable change in water transparency over time. However, if the data set was limited to a five year
window, an incorrect conclusion could be reached. For example, the data from 1968 through 1972 would have a
regression similar to the overall trend. However, the data from 1973 through 1976 would have a regression line with
a negative slope. In addition, the data from 1982 through 1986 reveals relatively no change. Thus, it can be seen
how critical the data set can be in determining trends.

FIGURE 10: Annual average transparency measured for Lake Tahoe with a
20-cm white secchi disk over a 19 year study. The overall trend is quite
pronounced, while 5 year sub-sets of the data have differing trends.

None-the-less, while over-all water quality in the HUA remained relatively unchanged, the study revealed two
consistent (if small) trends over time. 1)An increase in dissolved oxygen by percent saturation was observed over
time, while stream temperatures remained relatively unchanged. This trend was the most pronounced trend found in
the study, yet it was a relatively small increase overall. 2)The fraction of total phosphorus that was measured as
orthophosphorus decreased over tihe three years indicating a decrease in the bioavailable fraction of phosphorus over
time. A decrease in the bioavailable fraction of the total phosphorus indicates a shift in the equilibrium of the
phosphorus within the water column over time. These trends offer encouragement in light of nutrient management,
and may be the first indicators of improved water quality due to imposed land management practices.

While agencies such as NRCS and SWCD have data available on BMP plan implementation for the watershed as a
whole, there is no current means to link management information for a specific field to the corresponding stretch of
stream affected by this field. As a result, as water quality trends develop overall, it is difficult to relate these changes
directly to specific changes in land use practices. However, OGI has begun to make such connections in the
laboratory (see below). There is a definite need to further develop techniques which better target both the types of
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management practices that are most effective, and the portions of the landscape that should receive the most
emphasis. Such management tools will enable us to target limited funds for appropriate implementation of BMPs
where they will have the most beneficial effect on water quality.

FUTURE

Oregon Graduate Institute has been involved in the use of Geographical Information System (GIS) to link land
management to water quality. There is currently available both GIS data with land use, soil types, hydrology, etc.
and water quality data in the EPA STORET database. Considering overland flow, Oregon Graduate Institute has
linked the fields in the Forest Grove Quadrate to the river reaches that they would affect. Next, OM will be linking
this to the BMP database. The linking of water quality and BMPs is a "Management Practices Tracking Program"
conducted in conjunction with USDA/NRCS and with partial funding through Washington County Soil and Water
Conservation District (WCSWCD). Linking the BMPs installed with water quality trends observed will provide an
evaluation tool for the effectiveness of specific land use practices within the Dairy-McKay Hydrologic Unit Area. For
this to be successful, continued collection and analysis of water quality data is imperative.
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Dr. Ralph Garono TBNEP P.O. Box 493 Garibaldi OR 97136 322-2222
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Agency
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Service
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Mitch Wolgamott DEQ 700 SE Emigrant ST. Pendleton OR 97801 278-4618
DEQ	 H20	 Qual.

Roger Wood Div. 811 SW 6th Portland OR 97204 5032296893
Tom Wykes Deschutes Cty 1164 NW Bond Bend OR 97701 385-1412

John Wynn 1340 Wall St. Bend OR 97701 541-388-6669

Alan Youse OR Dept. of Ag. 635 Captial St. NE Salem OR 97310-0110 986-4712

James Zess Zess & Assoc. 625 SW 10th Portland OR 97205 222-5253

Mike Zielaskowski 802 Capitol St. NE Salem OR 97301 399-3210

James A. Vomocil Conference 	 1/10/96

1995 Registration



This publication was produced and distributed in furtherance of the Acts of Congress of May 8 and June
30, 1914. Extension work is a cooperative program of Oregon State University, the U.S. Department of
Agriculture, and Oregon counties.

Oregon State University Extension Service offers educational programs, activities, and materials—
without regard to race, color, religion, sex, sexual orientation, national origin, age, marital status,
disability, and disabled veteran or Vietnam-era veteran status—as required by Title VI of the Civil
Rights Act of 1964, Title IX of the Education Amendments of 1972, and Section 504 of the Rehabilita-
tion Act of 1973. Oregon State University Extension Service is an Equal Opportunity Employer. 
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