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FOREWORD
The 1997 James A. Vomicil Water Quality Conference encompassed newly
emerging issues as well as important new developments in some of the longstanding
water quality concerns of Oregon. The conference attracted participants with a
stimulating mix of views, training, and experience, ranging from industrial interests and
utilities to regulatory agencies, research institutions, and academic groups, as well as
students from diverse disciplines.
The morning session of the conference surveyed a number of key issues that were
to be addressed in greater detail in later sessions. The three lead-off speakers presented
new insights into the linkages between issues that are, arguably, the most prominent water
quality concerns in Oregon: stream temperatures and riparian vegetation, salmon
populations, and climate change. Morning session speakers also introduced two topics
that were appearing for the first time in the venue of this annual conference:
Cryptosporidium, a microorganism that has always been around but has only recently
been recognized, and pollution credit trading, an intriguing new tool for dealing with
non-point source pollution.
The afternoon sessions, organized in three parallel breakout sessions, added detail
and depth to the presentations of the morning. About half of the first session focused on
Cryptosporidium, dealing with the recent discovery of the problems derived from this
microorganism and the challenges of recognizing its presence in drinking water. A related
paper examined the benefit derived from natural treatment systems in reducing the
strength of wintertime sewer spillage.
Most of the second breakout session was devoted to topics of climate and shading
and their impacts on surface flows. The influences of climate, forest cover, and stream
shading on stream flows and stream temperatures were explored by three speakers.
The third session was concerned primarily with pollution credit trading. The
strategy of allowing effluent discharge permit holders to buy and sell credits in a
cooperative effort to satisfy TMDL standards (subject to the proviso that permit holders
must first meet technology-based treatment standards) has recently been endorsed by
EPA, and a series of funded pilot projects have been initiated to test and demonstrate the
concept. Earlier experience with similar trading programs in air quality and fisheries
resource allocation were reviewed, and optimistic perspectives were presented by
speakers from EPA and ODEQ. One early effluent trading program that has attracted
national attention was reviewed in detail.
The manuscripts in this volume were provided by the authors based on their
presentations at the conference. Their contributions to the conference and the broader
understanding of water quality issues in Oregon is gratefully acknowledged.

Long-term Climate Trends and Salmon Population
George H. Taylor, State Climatologist
Chad Southards, Undergraduate Assistant
Oregon Climate Service
Oregon State University
Corvallis, Oregon

There is increasing evidence that salmon
populations in the northeast Pacific are
significantly influenced by long-term climate
changes. In the Northwest, temperature and
precipitation data go back about 100 years.
During that time there have been four relatively
distinct climatic periods. These are illustrated
in Figure 1, which shows annual precipitation
(departures from the long-term average) for the
Oregon Coast. All stations west of the crest of
the Coast Range were averaged together to get a
single value each year, and every year's value
compared with the long-term average. The
Water Year (October through September) was
used so that all months from a single winter
remained in the same data set.

periods from warm, dry ones; note the
similarity of PNI to the graph in Figure 1. PNI
was then compared with Columbia River spring
chinook salmon return going back to 1940
(earlier data are not available). The correlation
between spring chinook and PNI is very strong,
as indicates that salmon return increase during
cool, wet periods and decline during warm, dry
ones. While there are undoubtedly humaninduced effects on the fish (including dam
construction and habitat destruction), Figure 2
indicates that natural variability may be a very
significant influence as well, and should be
considered in any salmon restoration plan (such
as the Oregon Salmon Plan currently being
implemented).
While stocks in the Northwest have
shown low numbers in recent decades, Alaska
salmon have had a tremendous boom period.
Climatologists have known for many years that
weather patterns in Alaska and the Northwest
are out-of-phase: wet periods in the Northwest
tend to be dry in Alaska, and vice-versa. The El
Nino-Southern Oscillation appears to be the
major reason for this flip-flop. Interestingly
(and perhaps not surprisingly), salmon returns
in the Northwest and Alaska are similarly out
of phase. In Figure 3, also adapted from
Ebbesmeyer and Strickland (1995), the bottom
chart shows that chinook returns in the Rogue
and Columbia/Snake behave similarly over
time. The upper figure, however, shows that
Columbia and Alaska salmon are out of phase,
with the abundant 1950-1975 period in the
Northwest corresponding with a very poor
salmon period in Alaska. When Northwest
stocks declined in the 1970's, Alaska's were
soaring.
Mantua et al (1996) present a very
thorough overview of the Alaska/PNW
differences. Alaskan and Northwest fish

The four climatic periods were:
1896-1914 Generally wet (and cool)
1915-1946 Generally dry (and warm)
1947-1975 Generally wet (and cool)
1976-1994 Generally dry (and warm)
Note that in any given period, not all the years
are dry or wet, but that a high percentage
follows that pattern. For example, in the 19151946 period there were 22 dry years and only
10 wet ones. Consecutive dry years were
common (indicating drought periods). The wet
period immediately following had 21 wet years
versus 7 dry ones, and consecutive dry years
never occurred. Droughts were nonexistent
during the latter period, although there were
several major floods.
Recently, scientists have found that
salmon returns in the Northwest show longterm behavior which closely follows the climate
cycles. Figure 2 was reproduced Ebbesmeyer
and Strickland (1995), who used the "Pacific
Northwest Index" (PNI) to distinguish cool, wet
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fortunes have continually been out of phase.
The authors quote various issues of Pacific
Fisherman:

There is also evidence that a switch in regimes
occurred in late 1994, and that we have
returned to the conditions which tend to yield
wet, cool winters in the Northwest (see
Conveyor Belt article). If so, it would appear
that environmental conditions may be very
favorable for a resurgence of Northwest salmon
stocks (and unfavorable in Alaska). While I do
not disagree with the emphasis in the Oregon
Salmon Plan on restoring salmon habitat, it
appears clear that natural variations play an
important role in fish survival and
reproduction, and that these variations should
be considered in drafting the Plan.
Recent evidence suggests that a rebound
may already be occurring. On April 28, 1997,
Oregon Department of Fish & Wildlife issued a
statement that the number of chinook salmon
redds in the Upper John Day River last summer
were the second highest since 1959. Jim Myron
of Oregon Trout said "It's good news for
everybody concerned, whether it's rancher,
environmentalist or state employee - and it's
especially good news for the fish." Maybe there
IS a silver lining in all those gray rain clouds!

September 1915 (Pacific Fisherman 1915); wet
in Northwest.
"Never before have the Bristol Bay [Alaska]
salmon packers returned to port after the
season's operations so early."
"The spring [chinook salmon] fishing season
on the Columbia River [Washington and
Oregon] closed at noon on August 25, and
proved to be one of the best for some
years."
1939 Yearbook (Pacific Fisherman 1939); dry in
Northwest.
"The Bristol Bay [Alaska] Red [sockeye
salmon] run was regarded as the greatest in
history."
'The [May, June and July chinook] catch this
year is one of the lowest in the history of the
Columbia [Washington and Oregon]."
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August/September 1972 (Pacific Fisherman
1972); wet in Northwest.
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"Bristol Bay [Alaska] salmon run a
disaster."
"Gillnetters in the Lower Columbia
[Washington and Oregon] received an
unexpected bonus when the largest run of
spring chinook since counting began in 1938
entered the river."
1995 Yearbook (Pacific Fishing 1995); dry in
Northwest
"Alaska set a new record for its salmon
harvest in 1994, breaking the record set the
year before."
"Columbia [Washington and Oregon] spring
chinook fishery shut down; west coast troll
coho fishing banned."
There are indications that global ocean
and atmosphere conditions are the cause of the
long-term climate variations shown in Figure 1.
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Figure 1. Departure from average precipitation, Water Year (October-September),
Oregon Coast Division. Years with positive values are wetter than the 100-year average,
while years with negative values are drier than average.
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Figure 2. Pacific Northwest Index and Salmon returns (Columbia River spring chinook)
since 1940. The cool, wet period in the 1950's and 1960's corresponded to high salmon
returns. When a regime dominated by dry, warm weather began in the mid-1970's,
salmon populations went down sharply. Figure adapted from Ebbesmeter and
Strickland (1995).
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Coastal and Snake/
Columbia River stocks
follow similar patterns and
are out of phase with
Alaskan stocks.

1975

1980
Year

1985

Figure 3. Comparison of salmon populations in the Pacific Northwest and Alaska,
showing that Columbia River and Bristol Bay salmon populations appear to be out of
phase, while Columbia and Rogue River salmon populations are in phase. Figure
adapted from Ebbesmeter and Strickland (1995).
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Pollution Credit Trading:
A potential tool to improve water quality in Oregon
Marshall English, Dept of Bioresource Engineering
Oregon State University

As the program says, I will be talking about pollution credit trading - and with
pleasure! Pollution credit trading may not be a panacea, but after looking at this very
interesting issue for several months I think it may prove to be a valuable tool in some
situations.
I should begin by defining the term. Pollution credit trading concerns a situation
where several individual effluent sources, all discharging into a common body of water,
wish to work cooperatively to reduce the total pollution load going into the receiving
waters. The individual sources might be entities as large as a major city or a state, or as
small as a single corporation or an individual farm. Pollution credit trading is a commercial
transaction in which one subset of those entities pays another subset to reduce their share
of the total pollution load.
Such an exchange might be motivated by economics; for example one of the
individual sources might have a financial motive for increasing its share of the pollution
load, but must first reduce the pollution load from other sources to compensate. Or, in a
situation where several entities have a collective responsibility to reduce the total pollution
load, one source might find it prohibitively expensive to meet its share of the obligation. In
either case it may be advantageous for the interested sources to pay the others to
accomplish the needed reduction.
It is somewhat analogous to the old civil war practice by which a draftee to the
Union Army could pay another man to take his place. However there is one difference
from that analogy. The current rules of the game generally require more than 1:1 trading.
It is as if the draftee had to pay two people to fill in for him. But the draftee may still
prefer that, and the army comes out ahead because it gains two soldiers instead of one.
Effluent trading is not a new idea; it has been talked around the corridors of EPA
for 10 or 15 years I believe. But there have been important developments in the past 18
months that have focused a lot of attention on it, and people are beginning to experiment
with it.
One caveat is in order before I start. I am not an expert. I have been following this
topic with interest since the first of the year, and have done a bit of reading and talking
about the subject, looking for opportunities to apply it in Oregon. But my understanding
of the issues is incomplete. The real experts will be the people speaking this afternoon in
the Ag Leaders Room. We will hear from representatives of EPA and ODEQ, who will
talk about their agencies' perspectives. We will also hear from a third speaker who was
involved in one of the best known and earliest efforts at effluent trading in the country.
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My goal right now is to give you an overview, a snapshot of the program.
Hopefully I will interest you in what I think is a promising new way of approaching water
quality management.
EPA Position

Let me begin by exploring EPA's position on the subject. Last year (March of 1996) EPA
produced a document entitled "A Framework for Effluent Trading in Watersheds". It
outlines EPA philosophy and ground rules for effluent trading, and provides a number of
illustrative examples. That document was only a draft and is now being critiqued and
revised. I understand there is a web site version that is up to date, though it has not
changed much from the first draft. But the bottom line is that EPA seems to view pollution
credit trading quite positively and is taking a proactive position in seeing it implemented.
In line with its proactive policy, EPA has undertaken an initiative to develop pilot
projects in various regions of the US. These pilot projects appear to have two purposes.
One is to demonstrate the concept and raise local awareness and interest in the different
regions. The other is to test the idea in practice and see what can be learned. This is a new
arena, and the EPA people I have talked with see the pilot projects as a learning tool for
all concerned.
The person charged with getting the pilot program going in the Pacific Northwest
is Claire Schary, and she will be our lead-off speaker this afternoon. Claire came to the
region at the beginning of the year. Her first order of business I believe was to invite each
of the four states to propose a pilot project. In Oregon she worked with the Dept of
Environmental quality. ODEQ, in turn, created an ad hoc committee chaired by Janet
Gillaspie to look at alternative projects for Oregon and ultimately to recommend one to
EPA.
The ODEQ liaison with EPA is Judy Jondahl, who is listed in the program as our
second afternoon speaker. However Judy had surgery on a broken foot today, so Russell
Harding, the director of her section, has graciously agreed to represent ODEQ. Russell
has had some experience with similar kinds of market based incentives programs in other
areas.
Relationship to TMDL Programs

The EPA perspective is that effluent trading will be a tool for moving from
technology-based standards to TMDL standards. I think most of you are familiar with
these terms, but let me define them for purposes of this presentation.
Technology-based standards are specific standards that must be met by individual
effluent sources. In effect, they define the effluent quality standard for each source
independent of anything else. Regardless of the quality of receiving waters, regardless of
what any of their neighbors are doing, each effluent source must meet a specific
technology-based standard

The TMDL standard is imposed when individual technology-based standards are
not adequate to maintain a required level of water quality in the receiving water. It
specifies a quality standard for the receiving water rather than for the individual sources of
effluent, and responsibility for meeting this standard is shared by all effluent sources.
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The broad guidelines provided by EPA stipulate that effluent trading is intended to
bridge the gap between technology-based standards and TMDL standards. Individual
sources must first satisfy their technology-based standard, but after that is done they are
free to use credit trading to achieve further pollution abatement. The idea is to allow the
various sources to work together to achieve the desired goal of improved water quality at
minimum cost.
Trading for non-point sources
Effluent trading is generally viewed as a tool for addressing the often intractable
problem of non-point source pollution (NPS). In many cases the trades that are envisioned
are point-source for non-point source exchanges. But the guidelines presented in the EPA
framework document explicitly encourage point-source for point-source exchanges, and
NPS/NPS exchanges. as well.
Flexibility
Flexibility in trading arrangements is a theme that pervades the framework
document. Trading procedures are not prescribed by federal law, and individuals are left
free to develop their own trading procedures. The document does lay out ground rules
that must be observed, which will be discussed in a minute. But I would characterize those
rules as broad and flexible, leaving a maximum of latitude for developing case-specific
exchange ratios, credit trading procedures, contractual arrangements and data collection
plans.
EPA Objectives
The framework document, and earlier, in-house memos relating to it, indicate three
broad EPA objectives for this program. They are:
1) Economic efficiency: A market for effluent credits could induce a variety of watershed
stakeholders to participate in a trading program. The greater that participation is, the
greater will be the range of available options. Additionally, credit prices might
stimulate technological innovation to more effectively control effluent quality. The
combined effect of more options and new technology would be expected to result in
lower total costs for pollution abatement.
2) Abatement of non-point source pollution: Because of its dispersed and variable nature
and the large number of different sources, non-point source pollution has often been
especially difficult to control-. Market incentives may prove to be a more successful
tool for achieving NPS pollution abatement than the regulatory approach that has been
used to date. However, it is intended that credit trading will only augment - not
replace - regulatory activity.
3) Reduction of pollution: EPA is emphasizing that effluent credit trading should do
more than just reduce costs. A real reduction in total pollution should also be
achieved. This might be accomplished by requiring trading ratios greater than 1:1; that
is, the number of credits transferred from sellers to buyers should exceed the number
of credits 'consumed' by buyers. Some proportion of the transferable credits might
also be retired whenever a credit exchange takes place.

9

The Mill Creek Proposal
Let me use an example to illustrate the concept of effluent trading and to raise
some questions that we have encountered. The example involves Mill Creek, which
emanates from the hills east of Salem and runs through a region of dairies and small farms,
a few towns and small cities. It then flows through the prison complex southeast of Salem,
which includes a prison farm, then on through the City of Salem itself. It was suggested
that two principal entities in the watershed might be potential partners in a trade to reduce
coliform pollution in Mill Creek. One would be the City of Salem, which is beginning to
plan for a new waste treatment facility that would discharge into Mill Creek. The other
would be the prison farm, which includes a dairy and an abandoned hog rearing facility,
both of which are sources of coliform escapement to Mill Creek.
The suggestion was that the prison farm could generate credits by undertaking an
intensive animal waste management program to eliminate most of the coliform
escapement. The City of Salem could then buy those credits and use them to justify a
reduced capacity for the new treatment facility. The new facility might, for example, be
designed to accommodate a three year storm rather than a five year storm. That reduction
in capacity would presumably save Salem far more than it would cost the dairy to prevent
coliform escapement. A member of the Mill CreekWatershed Council also pointed out that
a number of other farms, dairies and municipalities in the watershed might be interested in
joining the trading process.
The reduced capacity of the treatment facility would mean occasional spilling of
excess flows, resulting in increased discharge of coliforms every few years. But those
discharges would occur during periods of flood flows when the dilution capacity of Mill
Creek would be greatest. In exchange, the coliform control practices at the prison dairy
would reduce coliform loading of Mill Creek year around, and in particular during the
periods of low flows when the dilution capacity would be greatest.
What is a credit?
In exploring this potential trading scheme we immediately found ourselves faced
with a number of intriguing questions. First, what is a marketable credit? The simplest
form of a credit might be a unit of pollutant; for example we might define a block of one
million coliforms kept out of Mill Creek as representing a single marketable credit. But the
Mill Creek case required a more comprehensive definition of a credit. That would account
for the inter-temporal nature of the exchange. The dairy would be preventing coliforms
from entering the creek all year, while the city would be allowing coliform escapement
only during winter floods and only in the occasional year. The question is, how many units
of coliforms escaping every summer are equivalent to a unit escaping once every five years
during a flood.
There is also the question of what level of pollution control is required before a
seller can begin to earn credits. State regulations mandate a certain level of management
(i.e. technology-based standards) for the dairy to prevent coliform escapement, and it is
unlikely that the farm would qualify for credits until those minimum standards are first
satisfied.
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Contractual arrangements
Another line of question that we had concerned contractual arrangements. We
wondered who else, in addition to the dairy and the city of Salem, might participate in
credit trading in Mill Creek. And would there be a contractual arrangement between two
parties, or would the credits be handled like marketable securities, with some agency
acting as a credit broker? What about liability for failure if, for example, a credit seller did
not meet the standards they were obligated to? Who would have the regulatory role,
approving and monitoring the exchange?
Difficulties with the Mill Creek idea
Ultimately we abandoned the Mill Creek proposal for three reasons. In the first
place, the dairy cannot claim credits for improvements that are already mandated by law.
That raised concerns in Salem, because the dairy has already been called to task for its
animal waste management practices. A second problem is that it is not clear to us that the
city would be allowed to relax a broad standard for effluent discharge (i.e. the capacity
requirement) in an exchange which would based on coliform credits alone, without regard
for other pollutants. A third concern is that EPA is not interested in coliform trading for a
pilot project. EPA may be primarily concerned about a public perception problem that
could adversely effect the publicity to be derived from the pilot project; public acceptance
for trading in coliform credits is an unknown. The third problem is that credit trading
requires establishment of a baseline before credits can be quantified. But at the moment
there has been no progress on a TMDL in the watershed, and without that a baseline will
be hard to define.
Rules of the game
Some guidance on the above issues can be derived from the EPA framework
document which lays out a set of principles that should guide participants in effluent
trading. Briefly paraphrasing those principles, they are:
1) Technology based standards should be satisfied first. No one should be allowed
marketable credit for improvements that are already required of them by law. That is,
only those abatement efforts that go beyond technology-based standards are eligible
for credit.
2) Anti-degredation and anti-backsliding provisions apply: These two rules stipulate
that (i) no trade can adversely impact a designated use of receiving water', and (ii) the
provisions of discharge permits cannot be relaxed.
3) There must be oversight and accountability: presumably these would be handled by
existing regulatory agencies.
4) An appropriate analytical framework for assessing and managing the trade must
exist: In general, this framework might be the data and algorithms used for analyzing
water quality linkages in the watershed during development of a TMDL.

Water quality standards are established to protect designated uses of water, so this provision implies that
no quality degradation can occur that would so impact water quality as to adversely effect a designated
use.

5) The physical location of trading entities must make sense: Two examples to illustrate

this rule are; (i) the seller and buyer of credits must both be discharging into the same
body of water; and (ii) a buyer cannot use credits upstream from a seller if that would
result in a violation of standards for the intervening reach of stream.
6) Data collection is essential to the process: Baseline data is needed both to predict the
outcome of a trade and to establish pre-trading conditions for purposes of detecting
creditable improvements.
7) The type of pollutant must be considered: In general, trading in toxic pollutants, or
trading of pollutants that have nothing in common (such as trading nutrients for
metals) is discouraged.
Examples now in place
Several projects, about 8 or 10 that I am aware of, have been initiated in recent
years to put the idea of pollution credit trading into practice. Two examples taken from
those early efforts will provide you a clearer idea of what this is all about.
The Kalamazoo River, Michigan
A two year demonstration program has been initiated for a reach of the
Kalamazoo River. The factor of interest is phosphorous. Initially only a limited number of
major players have been involved; two buyers, a municipal treatment plant and a paper
mill, and several sellers, all of whom are agricultural sources of phosphorous. The
agricultural sources are diversified farming interests, including dairies and general farming
operations. The Michigan DEQ is the regulatory agency. Initially, transactions are being
managed by a non-profit agency called the Kalamazoo Forum which will act as a broker.
The marketable credits will derive from improved farm management practices that
are linked to phosphorous sources. Currently, farms in Michigan are governed by a
standard called GAAMPS, or 'generally accepted agricultural management practices'. This
is a more relaxed standard than the BMP (lest management practices') principle under
which Oregon Farms operate, but a strong right-to-farm principle written into Michigan
law apparently provides the farms with a limited right to pollute. That more relaxed
standard implies that farms will have more to gain, in term of marketable credits, by
intense management practices designed to control phosphorous sources.
The credit exchange ratio will be 2:1. That is, a buyer will need to buy two credits
for each one that is used. That this ratio is greater than 1:1 reflects the uncertainty of
credits generated by the farms, and an underlying philosophy that credit trading should
eventuate in reduced total pollution. Additionally, a 10% credit retirement is required each
time credits are sold. An intermediary who buys 100 credits can only sell 90. This, it is
hoped, will discourage speculation and reduce pollution still more with time.
Rahr Malting Company, Minnesota
The second example received wide publicity about one year ago when the
Minnesota Pollution Control Agency approved the arrangement. The project involved the
Minnesota River, described as the most polluted in that state. The initial concern involved
BOD, but eventually the trading arrangement was expanded to include nitrogen,
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phosphorous and sediment, and even included provisions for trading between these
factors.
The Rahr Malting Company applied for a discharge permit and was turned down
because the BOD loading of the river was already at the limit. To get around the problem,
Rahr proposed creation of a 'Corporate Sponsorship Program' which would finance
abatement projects for agriculture and other non-point sources along the river. The
sponsorship program was set up as a non-profit entity governed by a board that
represented both the regulatory agencies and Rahr Malting Company. This organization
was to be funded by Rahr, but will operate independently of the company. Its purpose is to
identify opportunities for watershed improvements and solicit the cooperation of
landowners and farming operations in the area. The watershed improvements to be funded
will include erosion control, livestock management, critical area set-asides (e.g. bluffs and
wetlands) and wetland treatment facilities.
The most interesting thing about this program is the set of rules which govern
exchange of the four different factors (phosphorous, nitrogen, BOD and sediment). The
fundamental concern of the MPCA is dissolved oxygen, and phosphorous is an even
greater problem than BOD in that respect. Consequently, one key to the Rahr agreement
was the availability of data to establish quantitative links between phosphorous and BOD
in terms of their relative impacts on dissolved oxygen. In fact, the MPCA was apparently
satisfied that they understood the relative impacts of BOD, P, N and sediment on
dissolved oxygen well enough to define equivalent ratios of all four factors. The exchange
ratios are summarized on the following page. There are several things to observe in this
table. First, all other factors are indexed to BOD. For example the value of one kg of P
removal is defined as equivalent in value to 8 kg of BOD. A second point is that there are
differences between the exchange ratios that apply upstream from the TMDL zone and
those that apply in the TMDL zone itself. One kg of nitrogen is considered equivalent to 1
kg of BOD upstream of the zone, but a kilogram of N removal in the TMDL zone is
worth 4 kg of BOD. The exchange ratios for BOD itself vary with distance from the
TMDL zone, reflecting the mitigating effects of the upstream reach of the river. i.e. BOD
discharged upstream will be partially assimilated before it reaches the TMDL zone.
The costs to be borne by Rahr for this program are somewhat uncertain. Initially,
Rahr provided $250,000 to the sponsorship program to achieve an abatement of 150
pound of BOD (or equivalent) per day. However, if the target reductions are not met by
then, Rahr will be obliged to pay whatever is required to reach that goal. Additionally,
Rahr incurred some considerable consulting and other costs associated with development
of the credit trading agreement.
Conclusions
I hope this talk has stimulated your interest in the topic. The more I look at it the
more intriguing it becomes for the increased range of choice it offers and for the
opportunities it provides for cooperation. Rather than forcing us to choose from a rather
limited range of technological choices, this program gives us a chance to be more
imaginative and creative. It also provides a basis for cooperation between individuals and
organizations who might otherwise only deal with each other as adversaries competing for
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the limited assimilative capacity of a river. It could make the business of watershed
management more interesting; maybe I could even say more fun.
I hope you will join us again at 1:30. I think our speakers this afternoon will be
able to give you a better feel for the philosophy and rationale of this program than I can.
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Rahr Malting Company, Minnesota
Exchange ratios used in credit trading

Up per river (above TMDL zone)
1 kg of N =1 kg of BOD
1 kg of P = 8 kg of BOD
4 metric tons =1 kg of BOD
sediment
BOD exchange rate varies with distance from TMDL zone, up
to 82 miles up-river (but upstream BOD is always worth less
than BOD in the TMDL zone.)

Lower river (in TMDL zone)
1 kg of N = 4 kg of BOD
1 kg of P = 8 kg of BOD
4 metric tons =1 kg of BOD
sediment
BOD exchange rate is 1:1
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Proposals for Pollution Credit Trading in Oregon

In response to EPA request for pilot project proposals
O Columbia Slough
O Mill Creek
0 South Umpqua Basin
O Tillamook Basin
0 Umatilla Basin
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WATERBORNE DISEASE AND MICROORGANISMS
Microorganisms are widely spread over the earth and throughout its atmosphere.
Microorganisms include bacteria, viruses, and protozoan parasites; they are microscopic
and therefore invisible to the naked eye. They are found in all surface waters, including
lakes, streams, and rivers. They can be found in shallow and unprotected wells and
springs and, less often, in deep and protected well waters. Many microorganisms can
survive extremes of climate. Most microorganisms in the environment and found in
water are not harmful, but enough of them are harmful that we strive to maintain
drinking water nearly microorganism-free. However, drinking water is not sterile.
Microorganisms that have the most significance to human health are those that cause
disease, called pathogens. Examples of common pathogens include bacteria such as
Salmonella and Shigella, protozoans such as Giardia and Cryptosporidium, and viruses
such as hepatitis A and Norwalk. Most of the pathogens that can cause diarrheal disease
are transmitted by the fecal-oral route of exposure; this means that feces from an
infected person or animal are transmitted directly or indirectly to another person's
mouth. An example of direct transmission would be from person-to-person, such as in
day care settings serving young children in diapers. Examples of indirect transmission
include food contaminated due to poor food handling and sanitation practices, and
contaminated drinking water.
It is not possible to regularly test drinking water for the presence of most disease-causing
organisms because they exist in very low numbers in water, are hard to isolate and
detect, and there are so many different kinds it would be impractical and expensive to
test for them all regularly. Consequently, public health agencies and water suppliers in
this country rely on certain kinds of bacteria that are known as "indicator" organisms.
These indicators, such as coliform bacteria, do not generally cause disease, but do occur
in large numbers, are associated with fecal pollution, are generally hardier in the
environment than pathogens, and are easy to test for. In other words, the indicators serve
as markers for the kind of fecal contamination that can lead to disease under some
circumstances. However, we know now that the absence of indicator organisms does not
always assure that pathogens are absent in our drinking water. This is because some
pathogens are more resistant to water treatment processes than coliform bacteria.
Continuous and effective water treatment remains the best protection for the water-using
public.
WHAT IS CRYPTOSPORIDIUM?

Cryptosporidium is a microscopic protozoan parasite that can infect a variety of animals
as well as humans. It was first identified in 1907, but was not recognized as a cause of
human illness until 1976. At least four species of this organism exist, with
Cryptosporidium parvum (C. parvum) primarily responsible for human illness. In the
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environment, the organism exists in a protective package, called an "oocyst", which is
spherical and about 4 to 6 micrometers in diameter. When ingested by people or
animals, the oocysts split open in the small intestine and invade the cells lining the
intestinal tract, impairing their ability to absorb food and
water. These organisms then reproduce and form more oocysts that are passed out of the
body in feces and can infect others.
This organism was responsible for the large waterborne outbreak in Milwaukee,
Wisconsin, in 1993, that caused an estimated 400,000 cases of illness.
HOW COMMON IS CRYPTOSPORIDIUM?
Cgptosporidium is very common in the environment. Oocysts have been found in rivers
and streams, raw and treated sewage, and even in treated drinking water supplies.
Concentrations vary widely in natural waters, but tend to be quite low in pristine,
isolated, and protected surface water bodies, and higher in waters that receive discharges
from sewage treatment plants or runoff from and domestic animal operations. All surface
waters should be assumed to be at risk of contamination. to some degree. Oocysts can
survive for weeks in open surface waters, especially at low temperatures. Oocysts have
been isolated in humans and a variety of wild and domestic warm-blooded animals,
especially cattle and their calves.
DISEASE AND SYMPTOMS
Not everyone exposed to Cgptosporidium becomes infected, and some who are infected
may not show symptoms. The illness caused by this organism is called cryptosporidiosis.
After ingesting oocysts, people can develop disease symptoms in 2-12 days, with an
average incubation period of 7 days. Symptoms include diarrhea, abdominal cramps,
nausea, occasionally vomiting, and low-grade fever. The illness can last from a few days
to several weeks, occasionally for longer than a month. There is no effective medical
treatment to cure the illness and recovery is dependent on the patient's own immune
system. The illness can be very severe and can persist indefinitely in people with
weakened immune systems, such as those with AIDS, people receiving treatment for
cancer, and those recovering from organ transplants. In these patients, cryptosporidiosis
can be fatal.
It is not certain how many oocysts are required for people to become ill. Studies to date
suggest that the dose required for infection may be less than 100 oocysts. In comparison,
an infected calf can shed more than ten million oocysts in a single stool. Confirmation of
infection in a patient is done by clinical analysis of fecal material to identify oocysts.
Physicians making a positive diagnosis of cryptosporidiosis in Oregon are required to
report the finding to the Health Division.

19

Technical Bulletin - Health Effects Information
Oyptosporidium

Page 4

CRYPTOSPORIDIUM AND DRINKING WATER

Direct measurement of numbers of oocysts in drinking water supplies is very difficult.
Currently available water testing procedures consist of filtering very large volumes of
water to capture the oocysts, washing the filter to recover the oocysts, separating the
oocysts from other debris, staining to improve the visibility of the oocysts and to
differentiate them from other organisms, and then visually observing the oocysts and
their internal structure under a microscope. These methods are not fully standardized;
they recover very few oocysts, and they can not tell whether the oocysts are alive or dead
or even if they are capable of causing illness. Very few laboratories are available that
have appropriately trained technicians and capabilities to perform these tests. Finally,
interpretation of results is difficult; the presence of oocysts does not directly translate
into a health risk, and the absence of oocysts does not mean that there is no risk.
Oyptosporidium oocysts are highly resistant to traditional disinfection treatment using

chlorine. Oocysts can be effectively inactivated with ozone, if properly applied, but
ozonation is not in wide use yet in the U.S. Conventional filtration processes, in common
use in utilities using surface water sources, have been shown to remove greater than 99%
of oocysts when the treatment is optimally operated at all times. In fact, several
outbreaks of cryptosporidiosis in municipal water systems have been attributed to
inadequate treatment plant operation, particularly during periods of poor quality source
water, and the outbreaks were ended by improving the operation of existing filtration
treatment systems.
REDUCING RISK FROM CRYPTOSPORIDIUM IN OREGON

The Health Division is working with Oregon public water suppliers to assure that public
water supplies are as safe as they can be. Some water systems have begun testing for
oocysts in their water sources, and some are working with landowners and other
interested parties to control potential sources of contamination in their watersheds.
Health Division staff has conducted detailed reviews of existing water filtration treatment
systems to identify ways to improve operations to produce water of higher quality than
required under current standards. The Division continues to work with the 30
communities that are currently unfiltered and must install filtration treatment. Finally,
the Division continues to advocate for and promote efforts by citizens, local
governments, and state and federal agencies to protect and improve watersheds used for
public water supply sources. The Health Division will continue efforts to keep water
system operators and managers informed on recent research developments as they occur.

Research on Ctyptosporidium, lab methods, and water treatment processes by EPA and
the water supply community is continuing. New knowledge is being applied to water
systems as it becomes available. A number of Oregon water utilities have joined with the
20
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EPA and the Division in a voluntary cooperative program to share knowledge and
information and to meet stringent new goals for water treatment in advance of any
future regulatory standards that may be developed.
EMERGENCY TREATMENT OF DRINKING WATER
Small quantities of water containing Oyptosporidium oocysts can be made safe for
drinking by bringing the water to a full rolling boil for one minute.

hAhome\fs\facts\crypto
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Salmon,
Agriculture, and Trees
Can Hybrid Poplar Tree Crops
Help PNW Farmers and Salmon?
By
Thomas E. Wilson
Senior Policy Advisor
EPA Region 10

The Need for Innovative New Salmon Protection Strategies.
Agricultural-dominated watersheds are critical to the survival of most endangered PNW
salmon species. But these lower watersheds are fundamentally different---politically as
well as geologically---from the forested upper watersheds that are currently receiving most
of our attention and resources:
• Upper watersheds are typically erosional while lower watershed are typically
depositional;
• Upper watershed landowners (e.g., large, public landowners) are more easily regulated
than the small, numerous private landowners typically found on lower watersheds;
• Upper watershed landowners typically have greater financial ability to pay for needed
protection measures than do many lower watershed landowners.
As attention shifts to these lower, privately owned watersheds, the responsibilities of EPA
and ODEQ also expand dramatically:
• On such nonfederal lands, the Clean Water Act becomes the primary statutory
authority;
• The federal resources, authorities, and expertise of BLM and USFS become largely
unavailable; and
• Absent such large federal or state landowners, EPA and ODEQ must assume greater
responsibilities for developing workable salmon strategies ourselves---we can no
longer simply critique the proposals of our sister agencies.
Meeting these new responsibilities will not be easy. Most environmental agencies are not
very good at innovation:
• Our legislative mandates emphasize individual program requirements (e.g., nonpoint
source control, total maximum daily loads, water quality standards, etc.), rather than
collaborative problem solving;
• Within each program, we demand close compliance with all regulatory requirements,
thus sometimes resisting legitimate compromises needed achieve a larger ecological
objective;

22

•

Our staffs typically lack significant private sector experience, and so can sometimes
overlook opportunities to use marketplace incentives to encourage collaborative "winwin" solutions.

And unfortunately, as these "innovative" demands grow, we can also expect our
environmental budgets to shrink:
• Upcoming federal "balanced budget" mandates will require painful cuts at all levels;
• These shrinking federal subsidies will create even greater competition for increasingly
limited state funds.
The solution? Easy. Let's just find innovative solutions that are cheaper, better, and more
acceptable to the affected landowners. Well, OK, maybe that's not so easy, but we can
increase our chances of success by keeping the following in mind:
• Protect salmon---not turf. Fisheries and water quality agencies have historically been
grudging allies at best. While we're getting better, let's remember our common
objective---to protect the ecological integrity of our nation's waters.
• Emphasize progress---not perfection. Value potential actions based on their ability to
significantly improve existing conditions. Don't be an ecological purist whose "all or
nothing" demands leave little chance of real-world progress.
• Use the power of the marketplace. Always look for ways to use economic self-interest
to encourage the desired actions.
To illustrate these principles, let's take a look at a potentially significant opportunity for
enhancing Oregon salmon protection in agriculturally-dominated watersheds.
A Potential Innovation: Using Tree Crops for Salmon Protection
Everyone is in trouble:
• Salmon. Near-stream forests have been largely eliminated, leaving denuded
streambanks and hot, contaminated streams;
• Farmers. Profits and land productivity continue to shrink, while stream protection
requirements raise costs and limit land uses;
• Timber. Reduced tree supplies from public lands create an uncertain future for both
the industry and timber workers.
Tree crops may be part of the solution:
• Tree crops could be a more environmentally benign cash crop than current cows or
row crops;
• Such flood tolerant tree crops could be grown adjacent to riparian zones, thus
providing enhanced riparian and stream protection;
• Many PNW farmers are already diversifying with poplar trees, particularly on marginal
farmlands; WSU study predicts higher profitability than many dairying or crop
alternatives;
These "hybrid poplar" tree crops are actually hybrids of cottonwoods, an important
riparian species:
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• Black cottonwood (Populus trichocarpa)
- PNW native, thrives in riverbottoms;
- critical riparian component, especially on PNW eastside streams;
- a pioneer species; revegetates denuded streambanks.
• Hybrid poplars (P. trichocarpa x P. deltoides)
cross between cottonwoods native to east and west sides of Rockies; hybridizes
naturally in the Columbia Basin;
profitable and very fast growing (up to 12 feet/year); can be in harvested 6-8 years
for fiber and 10+ years for solid wood products;
excellent pollution fighter, can uptake enormous quantities of nutrients and also
break down many farm chemicals.
Environmental concerns are sometimes raised, but appear manageable:
• Could cottonwoods "suck a stream dry"? While all riparian trees, including
cottonwoods, respire significant amounts of water, they also dramatically improve soil
porosity, thus increasing water infiltration and overall streambank water storage. In
fact, experience has shown that such trees are in fact critical to maintaining viable
streamflows and riparian ecosystems, particularly on the dry east-side of the
mountains;
• Could the hybrid cottonwoods "contaminate" the gene pool of native cottonwoods?
A potential (but probably not a serious) issue due to the very weak reproductive
capabilities of hybrids. This contamination potential is now being assessed by OSU,
who is also developing a sterile hybrid that would eliminate such concerns.
• Wouldn't harvesting the trees cause significant environmental damage? While some
periodic disruption would occur every 6-8 years, this would be a great improvement
over the current pasturage or annual cropping practices. In addition, this disruption
could be further reduced by extending the harvest cycle to 10+ years for trees grown
for solid wood products. Also, since the trees grow from 8-12 feet/year, any lost
shading could be re-established very quickly.
• Do the tree plantations have any terrestrial habitat value? Everything is relative.
Such plantations would certainly have more habitat value than the cattle pastures and
annual crops that they would replace. And if grown to greater maturity with wider
spacings, they could also provide increased under story habitat values. (Scientists
have found that naturally occurring hybrid cottonwood groves in the Columbia Basin
have much higher ecological activity than adjacent non-hybrid groves.)
But despite this potential, current tree crops are not being sited or managed for maximum
stream protection:
• Tree crops are typically being grown in "blocks" on interior fields, leaving cows and
plows on streambank;
• Trees are typically harvested in less than 10 years, due to farmer fears that longer term
crops would be regulated as timber---not agricultural---crops.
Result ---potentially significant ecological and economic opportunities lost!
• Salmon, streams, and riparian zones don't benefit from shading, buffering, and
pollutant filtration potential of tree crops;
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•
•

Fanners still face major---and increasing---TMDL compliance and land set-aside costs
for salmon and water quality protection;
Everyone loses!

Obviously, additional study is needed to better quantify these potentials. But this is not
rocket science. We can move quickly to build upon what we already know. Let's create a
joint multi-disciplinary workgroup (including farmers, fisheries, and timber interests):
• To explore specific issues and opportunities associated with using tree crops to
improve salmon and water quality protection;
• To develop joint recommendations on specific actions needed to enhance the
effectiveness of those identified opportunities;
• To develop voluntary guidelines for farmers wishing to use their tree crops to meet
salmon and water quality protection requirements.
In summary, while tree crops may not be a perfect solution, let's just remember:
"Don't let the perfect be the enemy of the good!"
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Cryptosporidium in Drinking Water:

Meeting the Regulations and Beyond

Presented by
Doug Wise
Eugene Water & Electric Board
500 E. 4th Avenue
Eugene, OR 97440-2148
541-484-2411

Mr. Wise presented a Power Point outline. If you would like further information
regarding this presentation at the 1997 James A. Vomocil Water Quality
Conference you may contact him at the above address.

26

Cryptosporidium in Drinking
Water: Meeting the Regulations
and Beyond

Today's Discussion:

presented by

Doug Wise

•
•
•

Water Treatment Overview

•

Cryptosporidium Detection Problems

•

Surrogate Monitoring

•

Questions

Waterborne Illnesses:

Sources:
•

•

Calves & Lambs

•

Cholera
Dysentary

Wastewater Outfalls

•
•
•

Hepatitis

•

Salmonella

•

Shigella

Wildlife

Polio

Filter Backwash Recycle

Surrogates for Giardia and

Bacterial Surrogate:

Cryptosporidium:
•

Total Coliform

•

Fecal Coliform

•

E. Coli
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•

Disinfection with Chlorine

•

Turbidity

•

Particle Counts

•

Bacillus subtilis

Turbidity Removal:

Disinfection with Chlorine:
•

C.T. (Concentration x Time)

•

Example

•

Viruses

•

Correlation

•

Giardia

•

Cryptosporidium

Bacillus subtilis Removal:

Particle Removal:
•

Measurement

•

Correlation

Summary:
•

We Can't Find Cryptosporidium

•

We Must Protect Public Health

•

Use of Surrogates

•

Need for Further Research
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•

Present in Environment

•

Resistant to Chlorine

•

Smaller Size

•

Easy to Culture & Quantify

•

"Safe" for Lab Workers

EFFLUENT TRADING - EPA'S PERSPECTIVE
Claire Schary
EPA-Region 10

I.

Introduction

U.S. EPA's policy, issued in 1996 by the Office of Water, is to actively support and promote
effluent trading, especially within watersheds. Effluent trading is an innovative way for water
quality agencies and community stakeholders to develop common sense, cost-effective solutions
for water quality problems in their watersheds.
Traditional command-and-control approaches using technology-based standards have not worked
in addressing some significant environmental problems. The water bodies on the 303(d) list are an
example of that - in which the technology-based controls implemented through the permitting
process are not sufficient to meet the water quality objectives and beneficial uses required of the
water body. Therefore a pollutant loading capacity must be established - the Total Maximum
Daily Loading (TMDL), and administered through NPDES permits, and other federal and state
regulations, as well as voluntary actions. Effluent trading provides an opportunity to let sources
establish the most cost effective allotments once the TMDL is in place.

II.

EPA's Trading Experience - The Acid Rain Program

Other tools must be developed that address both environmental and economic concerns, and
market incentive programs offer some potential solutions. EPA's Acid Rain Program', already
proving its success in just two years of operation, is a relatively simple example of how a market
incentive program, such as emissions trading, can be used to achieve a significant environmental
goal at less cost. The key features of the Acid Rain Program's sulfur dioxide trading program
also illustrate how trading programs work in their most basic form.
Under the Acid Rain Program, total sulfur dioxide emissions (S02) from electric utilities in the
U.S. is capped at 8.95 million tons annually (which is ultimately achieved, in the year 2010,
through a two-phased approach). Under this cap, EPA issues utilities an allocation of allowances,
which serve as the pollution currency with which compliance with the program's SO2 emissions
requirements is achieved. Allowances are allocated to utilities based on desired performance rates
and representative utilization levels for a baseline period of 1985 through 1987. Through the
market-based allowance trading system, utilities regulated under the program, rather than a
governing agency, decide the most cost-effective way to use available resources to comply with
the program. Utilities can reduce emissions by employing energy conservation measures,
increasing reliance on renewable energy, reducing usage, employing pollution control
technologies, switching to lower sulfur fuel, or developing other alternate strategies. Units that
The Acid Rain Program was established under Title IV of the 1990 Clean Air Act Amendments. It required the
first phase of the program to begin in 1995, and the second phase in 2000.
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reduce their emissions below the number of allowances they hold may trade allowances with other
units in their system, sell them to other utilities on the open market or through EPA auctions, or
bank them to cover emissions in future years. Trades are voluntarily submitted to EPA's
Allowance Tracking System, where they are recorded, (typically within 24 hours) and
confirmations mailed to the parties to the transaction.
Each utility unit must continuously measure and record its emissions of S02, NOx and CO2, as
well as volumetric flow and opacity. In most cases a continuous emissions monitoring (CEM)
system must be used. There are provisions for initial equipment certification procedures, periodic
quality assurance and quality control procedures, recordkeeping and reporting, and procedures for
filling in missing data periods. Units report hourly emissions data to EPA on a quarterly basis.
This data is then recorded in the Emissions Tracking System, which serves as a repository of
emissions data for the utility industry. The emissions monitoring and reporting systems are critical
to the program, instilling confidence in allowance transactions by certifying the existence and
quantity of the commodity being traded and the emissions reductions goals are met.
The Acid Rain Program has proven the success of the market incentive approach in achieving a
significant environmental goal (50% reduction of sulfur dioxide emissions) at less cost ($1.5
billion in actual annual compliance cost to electric utilities with emissions trading, versus $5 billion
in projected costs using the traditional command-and-control regulatory approach to achieve the
same goal- figures cited in the GAO's report from Dec. 1995) . Under the Acid Rain Program,
use of the marketplace for achieving the lowest-cost SO2 emissions reductions has dramatically
reduced the cost and performance of pollution control equipment (scrubbers) and emissions
monitors. Furthermore, the cost of removing a ton of SO2 has fallen from initial forecasts of
$800/ton (RIA from 1990), $400 (initial trades of 1993) to current market price of approximately
$150/ton (Acid Rain website).

III.

Trading Programs' Basic Design Elements

EPA's experience in designing and implementing the Acid Rain Program provides an opportunity
to conclude that the success of emissions trading programs is greatly influenced by key decisions
made in several important areas, and the way in which these factors interrelate. The following are
the basic program design elements that must be taken into consideration, for a program to
effectively achieve its goal of reducing emissions at less cost:
•

Establish specific environmental and economic goals, and the environmental goal should
be quantifiable, rather than a vague target such as percentage of emissions reduced.

•

Define the boundaries of areas and sources to be covered, and be inclusive, if possible, so
that all contributors to the specific environmental problem are captured in the program.

•

Develop good baseline data that includes all relevant sources to be covered; this data is
crucial to identify all contributors and the starting point of reductions.
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•

Define the trading commodity in terms of the pollution quantity it is worth and the time
period in which it can be used, so that it is clear to all parties what is being traded, and so
that a market value can be readily determined.

•

Establish the allocation methodology; use of formulas that can be applied consistently to
all affected sources makes the process run smoother and more quickly.

•

Determine the reconciliation cycle - the time period in which sources must be in
compliance, when, and how it will be determined.

•

Establish the enforcement structure and define clear consequences for non-compliance; set
the penalty at an amount that clearly exceeds the market value of the commodity, so that
an economic comparison always encourages compliance.

•

Develop a data system that records approved trades and determines compliance, and
design it to record trades as quickly and predictably as possible.

•

Develop appropriate monitoring protocols for different source types, with equivalent
reporting requirements, and certify their correct installation and operation..

•

Develop data systems to collect monitoring data and build features that ensure good data
management.

•

Develop an outreach and education plan early in the program's implementation.

•

Design an evaluation program to review the program's effectiveness and to recommend
adjustments; anticipate the evaluation criteria so that the data field can identified up-front
and the correct data collected.

IV.

Effluent Trading

There is an obvious need to apply to the water quality programs the market incentive tools
successfully demonstrated in the air programs. In particular, the regulatory requirement to
establish Total Maximum Daily Loadings (TMDLs) for each endangered water body provide a
tremendous opportunity to apply market incentive approaches because of the pressure to achieve
these environmental goals at less cost.
A TMDL established under Section 303(d) of the CWA provides a method for allocating loadings
among sources, as well as quantifies the relationship between pollutant sources and water quality.
More specifically, a TMDL is the sum of the waste load allocations to point sources, the load
allocations to non-point sources and natural background, and a margin of safety to account for
any lack of knowledge concerning the relationship between the pollutant loads and the quality of
the receiving water body. The allotment process is not necessarily done on an economic basis,
meaning that the process may take other factors into account. The net result may be that sources
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with the lowest cost reductions are not necessarily encouraged to reduce, by receiving a relatively
high allotment, whereas the highest cost sources could face a significant reduction requirement
through a relatively small allotment.
Effluent trading allows sources to use the marketplace to determine who will reduce and by how
much, by allowing the trading of allotments, based on a market price, resulting in a more costeffective distribution. Furthermore, sources can use the trading of allotments to accommodate
anticipated growth or increase of their discharge, or capitalize on a decrease in their discharge due
to the adoption of pollution prevention techniques.

V.

What is EPA doing in effluent trading in Oregon?

EPA-Region 10 enthusiastically supports the concept of effluent trading and is launching several
pilot projects from which a region-wide program will be developed. The water program directors
of Alaska, Idaho, Oregon, and Washington, and the Region 10 Office of Water Director
committed to establishing an effluent trading program in the Pacific Northwest, and endorsed its
initiation through a series of demonstration projects.
Two projects were selected in July 1997 by the Region 10 and state water division directors to
receive the initial funding provided. The funding, (approximately $190,000) was compiled from
HQ-OW and Region 10 grants, including some from the region's Pollution Prevention
Roundtable. The two projects are the Lower Boise River in Idaho and the Puyallup/White River
System in Washington. Oregon's Umatilla River was designated by the regional and state water
division directors to be the next demonstration project, as soon as additional funding is identified.
In the meantime, a small Region 10 grant has been provided to the Oregon Department of
Environmental Quality to assist its preparations for an effluent trading program.
Using a pilot project workgroup composed of stakeholders, and state and EPA staff, the
demonstration projects will tailor the effluent trading approach to best meet the needs of the
particular river basin or stream segment, while satisfying all existing state and federal
requirements, and striving to achieve cost savings to the affected sources. In addition, workshops
are being planned in each state so that the general public will be able to learn more about the
concept of effluent trading.
A regional team of key staff from Region 10 and each of the four states' environmental agencies,
meet periodically to share information about the status of the effluent trading initiative in the
region and the demonstration projects. The goal is to share early results and "lessons learned" as
the projects develop, so that a common framework may be established and technical and policy
solutions shared as they emerge.
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S02 Allowance Program:
Key Features

November 5, 1997
Corvallis, Oregon

• "Allowance" = authorization to emit one ton
of S02
• EPA allocated allowances to utilities based
on desired performance rates and
representative utilization levels
• Permits are simple, flexible
• Utilities continuously monitor emissions
• At end of each year, utilities must hold
enough allowances to cover emissions
• Also, all utilities must comply with
health-based state or local limits

Effluent Trading
EPA's Perspective
Claire Schary
EPA - Region 10

A Tale of Two Units Savings With Trading

S02 Emissions
445 Phase I Affected Utility Units

1,000 Allowances
Sold at •
5300/Allowance
Current Emissions

10,000 Tons

Current Emissions

Allocation

5,000 Allowances

Allocation

Emissions After
Compliance

4,000 Tons

Emissions After
Compliance

Cost Per Ton
Removed

5150 •

Dollars Saved n 5150,000/Year
Present Value Of Savings $2.3 Million
(30 Years At 5% Per Annum)

10,000 Tons
• 5,000 Allowances

.c

Aim Tons

Cost Per Ton
Removed
$400
.
.
Dollars Saved n 5100,000/Year
Present Value Of Savings $1.5 Million

c

(30 Years At 5% Per Annum)
1980

Allowance Price Trends.

Proven Benefits of Trading
Canter FM /weld w w wow
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140 -
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•

100 -

60 -

12/04
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12/06

6/06

12/06

Month / Year

• Environmental goal firmly enforced with
monitoring requirements, automatic
penalties
• Greater cost savings than forecasted
• Fewer trading restrictions increases cost
savings
• Market drives pollution control and
monitoring technology to new performance
levels
• Useful, reliable data for program
improvements, other enforcement needs

Program Design Elements

Program Design Elements, cont'd

nEstablish environmental and economic
goals; environmental goal should be
quantifiable
• Define boundaries of areas and sources to
be covered, and be inclusive, if possible
• Develop good baseline data that includes all
relevant sources to be covered
nDefine the trading commodity in terms of
pollution quantity it is worth and the time
period in which it can be' used

n Establish allocation methodology
• Determine reconciliation cycle - time period,
how and when compliance is determined
• Establish enforcement structure and define
clear consequences for non-compliance
• Develop data system that records approved
trades and determines compliance

Program Design Elements, cont'd

TMDLs & Effluent Trading

®Develop appropriate monitoring protocols for
different source types, with equivalent
reporting requirements
M Develop data system to collect monitoring
data and build features that ensure good
data management
Develop outreach and education plan
▪ Design evaluation program to review
program's effectiveness and to recommend
adjustments
M Keep it simple

TMDL = cap + safety margin for trading impact
M Allotments = allowance allocation to sources
— Equity considerations: establishes economic
• NPDES permit contains trading results
Good baseline and monitoring data important
to program's success
M Use ratios can address environmental
concerns
M Market needs advanced warning of future
TMDL, ratio adjustments

Effluent Trading Pilots in U.S.

Region 10 Effluent Trading
Program

▪ Fox River, WI
MI Tar-Pamlico River, NC
• Colorado: Lake Dillon, Cherry Creek Basin,
Boulder Creek
Minnesota: Rohr Brewery
® Michigan, New York, Florida starting
M Common element: generation and purchase
of non-point reductions through an
Association or directly
• Michigan recently completed benefit study
using trading model for Saginaw Basin

starting point for sources

®March: Regional Team of 4 states, EPA staff
formed
M June/July: Initial funding for 2 pilot projects
secured
- P2 Coordinators, OW-HQ and regional $

®July: OW-Reg. 10 & State Water Div.
Directors ranked pilot projects
— Lower Boise River, ID
—Puyallup/White River

• Next pilot to start when funding is found
—Umatilla River Basin, OR

Using A Natural Treatment System to Reduce the Strength of Wintertime Sewer
Overflow: Salem
Presented by Paul Eckley, City of Salem, and Mark Madison, CH2M HILL

In response to the need to expand its wastewater treatment facilities, the City of Salem
evaluated a number of alternatives for treatment. In the course of that evaluation, the City
determined that a natural treatment system was the most cost-effective solution. It was
seen that not only can the natural treatment system accomplish the required treatment
reliably and in compliance with regulatory requirements, it can do so in art aesthetically
pleasing and environmentally friendly manner. Several locations are currently being
evaluated for the natural treatment system and conceptual designs of the natural treatment
system are being developed for each of the proposed locations.
The natural treatment system is expected to function under two different climatic regimes.
During the wet weather season(November through March), the natural treatment system
will detain and treat peak daily effluent flows. During the dry weather season(April
through October) the natural treatment system will polish secondary effluent, particularly
to reduce ammonia levels.
The natural treatment system is composed of two parts, an overland flow system and a
wetlands treatment system. For wet weather flows, the overland flow system is sized to
treat 83 million gallons per day (mgd), which is the projected 24 hour flow for a storm event
with a 5-year recurrence frequency. The wetlands treatment system is sized to handle the
flow from the overland flow system plus the flow resulting from rain falling directly on the
overland flow system and the wetlands treatment system during the storm event, and to
detain the water for 2 days. The overland flow system primarily treats total suspended
solids (TSS) and biochemical oxygen demand (BOD), while the wetlands treatment system
is used for the treatment of TSS, BOD, total Kjeldahl nitrogen (TKN), and phosphorus.
For dry weather application, design objectives for the natural treatment system include :
detaining a maximum 20 mgd of secondary treated and disinfected effluent that has also
received treatment in the overland flow system for a minimum of 7 days; treating the
incoming effluent to a minimum water quality level 2.5 mg/L NH 4 as N, in order to avoid
ammonia toxicity in discharge; and providing a water supply to the wetland treatment
system to maintain plant communities during the summer months.
The overland flow system design consists of a series of surface irrigated slopes. Water is
pumped from the wastewater treatment plant to the top of the overland flow system, and
the system is irrigated by spilling water over from the top of the head ditch. The slope is
designed to maintain a thin, uniform, sheet flow. Runoff is collected at the bottom of the
slopes in collection ditches, and channeled to the top of the wetlands treatment system.
Hybrid poplar trees are recommended for planting in the overland flow system. They grow
rapidly, are locally adapted, have economic value at harvest, provide a dense, tall, foliar
barrier to wind, and are aesthetically pleasing. Overland flow cells and intervening banks
and slopes will be vegetated with densely growing, perennial grass, a number of species of
which are grown widely in the area for forage, seed production, and landscaping. Such a
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stand of grass provides excellent wastewater treatment by overland flow, as well as erosion
control for the land surfaces.
The wetlands treatment system is designed with two trains of two cells each. Water is fed
from a channel at the top of the wetlands treatment system, and is moved through the
system with regulating gates. Depending on the final location of the natural treatment
system, the maximum water depth in the wetlands during the winter peak flow periods
will be about 4 feet. Emergent wetland plants will include those that can adapt to highly
variable water depths, including cattail, spike rush, bulrush, and others.
[The City anticipates that the natural treatment system will provide effective treatment and
create an environmental amenity in the process. Such a prospect generates enthusiasm for
the project.]
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Using A Natural Treatment
System to Reduce the Strength
of Wintertime Sewer Overflow
Salem

Treatment improvements summarize
preferred alternatives and provide
a clear roadmap to the future.
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Nutrient Emission Trading to Improve Water Quality
A Conceptual Model for Chesapeake Bay
Steve Nelson, Director
Tillamook Bay National Estuary Project
Nutrient Emission Trading in Chesapeake Bay
Any hope of achieving significant nutrient reductions will require new and innovative approaches to minimize costs and
to allocate control responsibilities in a cost-effective manner. This paper describes a theoretical nutrient emissions
trading model that redistributes pollution abatement costs across point source and non-point source polluters in the
Chesapeake Bay watershed. Potential polluters include wastewater treatment plants, farmers, and livestock owners
whose activities contribute nutrients to receiving waters. In economic terms, nutrient emission trading seeks to equalize
marginal abatement costs among diverse nitrogen polluters in a specific watershed
Currently, no trading program exists on the scale outlined in this paper; it is only a theoretical model based on current
property rights and assumptions regarding abatement technologies. However, based on successes in other emission
trading programs, the model promises to reduce nutrient loads to receiving waters and to do it a lower costs than current
regulatory mechanisms. Moreover, it creates incentives to implement new pollution abatement technologies for both
point source and non-point source polluters.
The paper reviews theoretical assumptions and practical considerations relevant to achieving cost efficient pollution
control in a eutrophic coastal watershed. After a conceptual overview, this case study reviews the institutional context of
the Chesapeake Bay region, discusses several important considerations, evaluates relevant experiences in other regions,
and recommends an approach for the Chesapeake Bay. This is only a theoretical model; not a case study of an existing
program.
An Overview of the Problem:
too Much Nitrogen
Excessive nutrient loadings have been identified as the primary threat to water quality in Chesapeake Bay. Nitrogen and
phosphorous control the growth of algae which decay in bottom waters and consume oxygen. This process is called
eutrophication; a major problem for many coastal areas. Sources of nitrogen and phosphorous include wastewater
treatment plants and agricultural runoff from non-point sources. In Chesapeake Bay, nutrient loads in spring and
summer fuel periodic algal blooms and subsequent sags in oxygen.
Since the 1950s, data show an increasing spread of anoxia in the mainstream deep trench of Chesapeake Bay during
summer months. Levels of dissolved oxygen (DO) drop below 2.0 milligrams per liter (mg/1) in summer months to limit
habitat for fish, crabs, shellfish, and submerged aquatic vegetation (SAV). Many areas of the mainstream are completely
void of dissolved oxygen in July. Moreover nutrient-fueled algal growth limits light penetration to jeopardize the
survival of SAV and further reduce fish habitat. In the 1980s, ecological modelers calculated a 40 percent nutrient
reduction would be necessary to raise DO levels enough to support aquatic life.
Nitrogen and phosphorous nutrients enter the Bay from many sources. The majority of nutrients entering the Bay come
from non-point sources: agricultural runoff, livestock wastes and urban/suburban runoff. According to Chesapeake Bay
Program computer models, three quarters of nitrogen and two-thirds of phosphorous come from non-point sources in the
ten major watersheds in the Chesapeake Bay basin. (Chesapeake Bay Program, 1994a.) The remaining portions of
nutrient loads come point source municipal wastewater treatment plants.
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An Overview of the Solution: Chesapeake Bay Program
To investigate eutrophication problems, the US Environmental Protection Agency (EPA) funded a major study of
Chesapeake Bay in 1983. The project established a state-of-the-art water quality model and recommended a 40 per cent
reduction in nitrogen and phosphorous nutrients and set out to restore SAV and other species. From an economic
perspective, such a restoration of living resources would be popular and profitable to the many citizens who harvest
what H.L. Mencken called the "world's biggest protein factory."
In response to these recommendations, in 1987 the governors from Maryland, Virginia, Pennsylvania, and the District of
Columbia, along with the EPA and the Chesapeake Bay Commission, formalized an agreement to reduce nutrient 40 per
cent by the year 2000. (Chesapeake Bay Program. 1987) Federal and state monies flowed into the program.
A five-year reevaluation occurred in 1992 to assess progress and to set specific nutrient reduction caps in each of ten
tributaries, or watersheds, entering into the mainstream Bay. An excellent water quality model and an extensive
monitoring program provide excellent tools to gather information, track progress and coordinate data from agencies
sprawled across a 64,000 square mile watershed extending from central New York to southern Virginia. Model results
documented a 16 percent decrease in phosphorous, but virtually no decrease in nitrogen. (Chesapeake Bay Program,
1994a). By late 1995, many policy makers recognized the true difficulty in achieving a 40 percent reduction in nutrients
from so many diverse sources. More importantly, environmental managers identified the large costs of nitrogen
reduction as the major obstacle.
Based on these early trends, any lasting solution to the nitrogen reduction challenge will have to optimize costs and
benefits and identify new ways to distribute load reduction technologies. A nutrient trading market offers a viable
solution.

The Concept: Watershed nitrogen bubble.
The heart of the effort will be a nutrient allowance, or permit, that can be traded among municipal wastewater treatment
plants within the Chesapeake Bay watershed bubble(s). The trading program will allow point-point trades between
municipal facilities who can meet or exceed nutrient allowances set in an NPDES permit modified for strict nitrogen
removal. It will require spatial and temporal transfer coefficients for all traders, and an administrative structure to
monitor transactions.
Permits, representing a pollution allocation, will be distributed to wastewater treatment plants in each watershed.
Polluters can earn, spend, or trade permits in response to meeting a standard for nitrogen discharge. Treatment facilities
will be classified by location, and permit values will be modified to reflect spatial relationships to target ambient
concentrations. Moreover, cost-effective point-point trades will account for peak period pollution, by reducing permit
value in summer months. In the short term, many municipal and industrial plants will either have to implement new
technology or buy additional permits. In the long term, we believe the discounted present value of restored aquatic
resources far outweighs the discounted capital costs associated with initial implementation.
In addition to point-point permit traders, the market will include agriculturists whose activities cause water pollution.
Loosely mandated under state and/or local zoning ordinances, this dispersed community accounts for two-thirds of all
nitrogen pollution. We envision a market that allows municipal facilities-- the point sources -- to purchase nitrogen
reduction credits from the non-point source polluters -- the farmers. In a point-non-point trade the firm would pay a
farmer, feedlot owner, or poultry house owner, to implement a best management practice (BMP). In exchange for
paying for the BMP, the point source discharger receives additional pollution allowances based on estimated nitrogen
reductions from a menu of BMPs.
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Figure 1 shows a conceptual schematic of a nitrogen bubble.
The trading system would take advantage of the great differences in marginal abatement costs between point and nonpoint source polluters. According to recent EPA cost estimates, in many cases nutrient reduction from agricultural
sources is much less expensive than achieving an equivalent reduction from wastewater treatment plants.(Chesapeake
Bay Program, 1994b) In another analysis from the Potomac River basin in Virginia, municipal wastewater treatment
plants would have to spend approximately 5 to 15 times more than non-point sources to achieve a one million pound
reduction in nitrogen loadings. (VEQ„ 1994).
Figure 2 shows typical cost effectiveness ratios for non-point source BMPs; Figure 3 shows cost effectiveness ratios for
relevant point sources. Although such estimates provide only broad estimates, this information provides a solid
framework for setting up a trading scheme among various technologies. Moreover, the Chesapeake Bay Program
already has generated much of this information (Chesapeake Bay Program, 1992). Good cost information allows
managers to determine the feasibility of the trading market and lowers transaction costs for traders.
The Chesapeake Bay watershed: Institutional context.
To administer trades, define prices and set trading ratios, the program will require a market institution. In this context, an
interstate agency, watershed association, or local farm conservation service could host the market in order to approve,
certify, and monitor trades. As an example, Figure 4 outlines the farm soil conservation plan regions for the three states
in the Chesapeake Bay Program.
Although no current trading market exists, the EPA-sponsored Bay restoration program has created significant
institutional momentum and integrated diverse stakeholders into a common nutrient reduction goal. Most importantly
for the nutrient emissions market, the Bay Program has defined specific nutrient reduction goals, not only for the entire
basin, but for each of ten tributaries in the watershed.
Table 1 shows basin-specific nutrient allocations for ten watersheds in the Chesapeake Bay watershed. Some rivers,
such as the Susquehanna are making little progress, while others such as the Western Shore have made significant load
reductions. These differentials establish incentives for potential trades.
Basin-specific load allocations were made by a water quality model developed by the Corps of Engineers. A state-of-the
art watershed/air-shed model, it provides a useful tool to quantify reductions, allocate tributary specific caps, and track
progress. With a clear reduction target, it is easy to assign a number of permits to correspond to desired pollution loads.
And although the water quality model is not perfect, it provides politically expedient effluent limits that can be accepted
across a broad, multi-jurisdictional, constituency.
Current regulations limit effluents from wastewater treatment facilities. Each state uses NPDES permits to control
effluent discharge. However, current state standards for nitrogen discharge are either non-existent or loosely enforced.
(Maryland Department of Environment, 1993). The Clean Water Act contains specific provisions to enforce tough
discharge limits. In the case of point source discharge, the state owns the property rights, and polluters must pay for
abatement. But retrofit costs are high and in recognition, the states loosly regulate nitrogen.
In recent years, however, environmental engineers have introduced new technologies promising more efficient, lowercost nitrogen control. In the area of wastewater treatment in particular, BNR promises a significant performance/cost
shitf.1980s, pilot plants equipped with biological nutrient removal (BNR) technology dramatically reduced nitrogen
discharges. Based on BNR implementation, studies suggest that nitrogen effluent levels can drop from 12.0 mg/Ito 3.0
mg/1 in summer months. (Chesapeake Bay Program, 1990). Moreover, BNR is a low cost maintenance option when
compared to the traditional chemical (methanol) treatment method. But retrofit costs are high and only a few of the
regions hundreds of water treatment plants have implemented BNR.
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In the area of non-point source control, farmers work with extension programs to implement structural and non
structural best management practices. While research into BMP effectiveness remains in its infancy, the scientific
community will soon generate good data and better estimates of performance. We know it works, we just don't know
how well. Wide-scale implementation promises significant pollution control potential. But it also requires strong
financial incentives.
Table 2 compares the cost effectiveness associated with various BMPs.
Finally, the Bay Program has developed influential sociopolitical institutions with its "tributary strategy" plans.
Aggressive plans to involve stake-holders in watershed pollution reduction activities have worked to educate the public
and build consensus on various control strategies. Specific tributary plans have been distributed to citizen groups,
businesses and industries in each of ten tributaries. Successful local advocacy groups reveal the deep stewardship
citizens hold for the region. Such institution building activities will facilitate the development of nutrient trading
markets. These factors add up to create a unique opportunity to implement an innovative, cost-effective pollution
reduction strategy.
Program Implementation and Issues to Consider
Due to the administrative costs of establishing a trading market , we should project cost savings that outweigh
administrative costs. Even so, any permit trading system will require an expanded bureaucracy to distribute permits,
establish trading ratios and/or transfer coefficients, approve and certify trades, and monitor continuing emission
reductions. A cost-effective emissions trading market would provide benefits in excess of costs associated with
administering the program. We should consider six important issues:
o Property rights: Farmer and Sewage Plants
o Permits over taxes
o BMPs and trading ratios
o Spatial considerations
o Temporal factors
o Permit distribution and credits
We will examine each of these issues in greater detail.

Issue 1: Property rights, farmers and sewage plants.
Currently, wastewater treatment plants are regulated; whereas farmers are not. This simple consideration of property
rights dominates all others in recommending a trading market. Even though they account for two- thirds of the pollution,
farmers are exempt from mandatory market participation. However, many farm communities, such as the Pennsylvania
Dutch in Lancaster County, have a strong sense of stewardship. Currently, state agencies help farmers implement BMPs
with cost share subsidies; farmers have been responsive to watershed associations and outreach efforts.
However, if agriculture's share of the water quality problem continues to grow, farmers may be faced with mandatory
controls on land use. Pennsylvania passed mandatory nutrient management legislation in 1993, and state zoning
ordinances in parts of Virginia require plans for proper disposal of nutrient rich wastes. One way or another farmers
will assume greater responsibility for water pollution control and more fully internalize production externalities.
We envision regional watershed associations comprised of all stakeholders including farmers and wastewater facility
owners.
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As the regulated, better-organized community, wastewater treatment facilities will form the backbone of a regional
watershed association. This is similar to the model used in the Tar-Pamlico basin in North Carolina. In cooperation
with EPA, the watershed association establishes and administers the market. It distributes permits, sets standards,
certifies trades, monitors effluents, and coordinates non-point credits with local extension agents.
Issue 2: Permits over taxes.

According to economic theory (Kneese, Allen and Schultz, 1975) permits establish the level of pollution control, while
charges, or pollution taxes, establish the marginal costs of control. Permits allow us to limit the total pollution level, but
do not control the pollution abatement expenditure. Many European countries implement discharge taxes, but use them
to raise revenue, not to encourage pollution abatement incentives. (OECD, 1993).
Pollution charges, or taxes, provide advantages when damages are relatively constant over a certain range and in
situations in which small changes in abatement costs cause significant changes in production levels. Moreover, permits
offer advantages over taxes in situations wherein significant differences exist in marginal abatement costs among
polluters and there exist technological options for cleaner production. Permit markets need an adequate supply of buyers
and sellers and the rules governing permits must be simple and transparent.
Primarily due to the broad discrepancies in marginal abatement costs among current nitrogen polluters and long-term
benefits from new technologies, we favor emissions over taxes.
Issue 3: BMPs and trading ratios.

Municipal facilities can buy pollution allowances, or credits, from non-point sellers coordinated through local extension
agents. But effective trading depends on accurate cost-performance information for BMP nitrogen removal efficiency.
The broad geographic scale of implementation precludes direct measurements of effluent reduction. To accommodate
such uncertainty, point-non-point trades will need to include a ratio that relates quantifiable point source effluent with
variable and estimated non-point discharge. For example in a 2:1 ration, two estimated units of nitrogen reduction
resulting from livestock detention ponds trades for one certified reduction in municipal wastewater effluent.
Based on the results of current research, we make estimates for the Chesapeake Bay basin. In one example, the TarPamilico Program use broad averages to determine ratios:; for 2:1 livestock and 3:1 crops. One recent study ranked
BMP effectiveness as excellent, good, or fair. (Dillaha, 1990). This approach offers a simple relative metric for
establishing initial trading ratios. Among Dilaha's BMPs to consider:
o Conservation tillage
o Winter cover crops
o Critical area planting
o Vegetative filter strip
o Contouring
o Terracing
o Strip cropping
o Ponds
o Pasture management
o Nutrient management
The Chesapeake Bay Program has established rough measures of the cost-effectivenss of BMPs. These estimates
provide an initial framework to establish relative prices. See Table 2.
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Issue 4: Spatial considerations.
Location matters. Therefore, the permit system should include a spatial dimension. We seek to reduce the ambient
concentrations of nitrogen in the most cost-effective way. In this case, to minimize impacts of low dissolved oxygen in
summer months.
For estuaries, this is a complicated technical issue due to the broad salinity range and countercurrent circulation, which
traps nutrients in the deep waters. The watershed sprawls over six states and contains diverse aquatic habitats, ranging
from mountain stream to open sea, each affected differently by nitrogen pollution.
On simple conceptual terms, we choose to accept the broad paradigm that nitrogen is the limiting nutrient in saline
(ocean) waters; while phosphorous limits algal production in fresh waters. In this context, the more saline the receiving
water, the greater the impact of nitrogen pollution on anoxia. Although this will certainly fuel scientific debate as EPA
continues to struggle to define standards and criteria for estuaries, we can establish simple zones based on the salinity
gradient.
Several studies support the advantages of ambient control standards over simple emission factors in assigning abatement
levels. An early study in the Delaware estuary considered four methods of allocating responsibility based on location.
(Kneese and Bower, 1968) They include:
o least cost method corresponding to an ambient charge
o uniform treatment requiring all polluters to remove a fixed amount of pollutant
o uniform emission charge considers only control costs and not locations
o zoned effluent charge assigns similar emission charges to all polluters in the same zone.
Simulated costs revealed the importance of location in achieving greater cost effectiveness. Moreover, a zone system,
which simplifies the administrative burden associated with assigning an individual transfer coefficient to each
discharger, demonstrated reduction costs quite close to the least cost option. These results support our
recommendations.
One possible metric would assign three zones:
Zone 1: Main Bay and lower tidal tributaries. Salinity greater than 15 ppt.
Zone 2: Tidal tributaries. Salinity: 0 - 15 ppt.
Zone 3: Freshwater tributaries.
In any case, marginal abatement costs should be tempered by some spatial consideration.
Issue 5: The temporal dimension.
We can minimize ambient eutrophication, by reducing nitrogen input in spring and summer months. Algal production
peaks in summer months when fresh water river input drops to annual lows. For these reasons, summer reductions in
nitrogen will have a greater impact than comparable reductions in the winter. Therefore, our permit system should make
emissions in this period more costly.
On the cost side, new developments in biological nutrient removal (BNR) technology promise significantly lowered
marginal costs for wastewater facilities, especially in summer months when microbial digestion works best. Therefore,
our spatial/temporal permit system should provide incentives for wastewater facilities to implement BNR and/or to shift
loads to off-peak season.
Two studies support these recommendations. (Titenberg, 1984). One study of the DuPage River in Illinois compared
costs to achieve a DO standard under both constant cost and two-season model. Results showed a 34 percent cost
savings in the two period model to achieve the same DO standard. A second study of the Fox River in northern
Wisconsin used a matrix of transfer coefficients weighted for different periods. Although in this case, constant costs
were about the same as periodic costs, the study revealed the importance of fixed and variable costs in reaching defined
DO goals. Firms with installed equipment found the cost savings more difficult to capture than new sources, which
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could install control equipment tailored to reduce emissions in the most costly control periods. This is precisely the
situation we face in the Chesapeake Bay watershed: we hope to encourage facility retrofit with BNR technology most
effective in summer months.
Information costs will be high in designing a matrix of transfer coefficients for both spatial and temporal dimensions.
For this reason, the temporal dimension should only include two periods: spring/summer and fall/winter.
Issue 6: Permit distribution and credits
A final consideration entails an equitable and politically feasible distribution of pollution permits. In a broad sense,
permits can be issued in several ways. A total amount of permits can be distributed to correspond to tributary specific
load allocations calculated by the Chesapeake Bay Program water quality model; or permits can be given to polluters
who achieve nutrient reductions in excess of defined NPDES standards. Both have advantages and complications.
Because the water quality model calculates specific nutrient caps for each tributary, there is strong appeal to simply
allocating a number of permits to match the designated nutrient cap. For example, a 1,000 ton nitrogen limit suggests
1000 permits distributed to wastewater plants and traded in a regulated marketplace. Initial distribution could be by
auction or by grand-fathering permits according to historical flow. However, buying additional permits, or credits, from
non-point source polluters will complicate the market as new credits enter the market from sponsoring BMPs.
Moreover, the use of spatial and temporal transfer coefficients could create complex and cumbersome trades.
To more easily integrate non-point credits into the program, we probably should consider the Tar-Pamlico model as a
point of departure. In that model polluters receive polluters receive non-point source credits when they outperform
effluent standards in existing NPDES permits. This should not present an tremendous obstacle since we have good cost
information for both traditional and BNR treatment technology in addition to reasonable cost information about nonpoint source BMPs.
Credits can be used to supplement permit allowances, which will be traded among wastewater treatment facilities.
Although a tight effluent limit, represents a technology-based standard, it creates a feasible information burden on
regulatory agencies and it represents a compromise needed to bring unregulated farmers into the current nutrient
reduction market. Moreover, it builds on the existing NPDES standards and nutrient management plans, but strengthens
the limits on nitrogen. This also approach is also supported by provisions of the Clean Water Act and state laws which
allows more stringent enforcement in designated "hot spots."
The challenges will be 1) to calculate an effluent standard sufficiently low to create an incentive-bearing market clearing
price; and 2) to define ambient concentration transfer coefficients that are realistic yet not so cumbersome as to limit
trades; and 3) to define non-point source trading ratios that are low enough to create trading incentives, but high enough
to compensate for uncertainties in potential, rather than actual nutrient reduction performance.

Case Study: The Tar-Pamlico Basin.
Most of the US experience with emissions trading have been in air pollution resulting from provisions of the Clean Air
Act. However, several states have initiated water pollution emission trading programs and simulated costs have been
estimated for comparable rivers and estuaries. For example, five years ago, North Carolina established a nutrient trading
program in the Tar-Pamlico basin in North Carolina.
Like the Chesapeake Bay, an oxygen problem results from excessive nutrient input by a variety of point and non-point
sources; but the majority comes from agricultural production of crops and livestock. Faced with the high costs of
conventional technology-based nutrient discharge limits, point source discharges formed the Tar-Pamlico Basin
Association and established a nutrient bubble for the basin. (Rader, 1994, and Jacobson, 1994)
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The Association accepted 200,000 kg/yr nutrient reduction goal and allocated nutrient reduction allocations among
members based on individual NPDES permit design flows. Members who could reduce effluent discharge below
allocated amounts received credits which could be banked or traded with other Association member who discharged
higher loads.
For every nutrient kilogram discharged above the 425,000 kg/yr cap, the Association contributed $56 to the North
Carolina Division of Soil and Water Agricultural Cost Share program. Excess load payments go directly to the
implementation of nutrient reducing agricultural BMPs. The $56/kg year figure is based on an average of BMP costs
plus a 3:1 trading ratio for cropland BMPs and a 2:1 trading ratio for confined livestock BMPs. Such trading ratios
account for the uncertainties associated with BMP performance. Because of the varieties in soils, locations, and other
geographic factors BMP effectiveness varies greatly and a trading ratio accounts for potential rather than actual nutrient
removal performance. In effect, the Association purchases nutrient reductions from nonpoint sources for $56/kg;
whereas the cost for further point source reductions were estimated up to $500/kg.
The North Carolina example offers some important guideposts for our suggested model. First, the system assigns
responsibility to manage pollutant loading to the wastewater treatment plants whom already operate under mandatory
regulated conditions. And although agricultural control remains voluntary, it establishes the basis for a watershed
nutrient bubble which can assign more stringent property rights and pollution responsibility to farmers if the
eutrophication problem persists. Next, the program captures the cost savings due to differential marginal costs among
polluters, especially among point source and non-point source groups.

62

References
Chesapeake Bay Program, (USEPA) 1994a. State of the Bay Report.. Monitoring Subcommittee. Annapolis, Md.
Chesapeake Bay Program (USEPA). 1987. The 1987 Agreement Commitments. Executive Council. Annapolis, Md.
Chesapeake Bay Program (USEPA). 1992. Financial Cost Effectiveness of Point and Non-Point Source Nutrient
Reduction Technologies in the Chesapeake Bay Basin. Report No. 8 of the 1992 Nutrient Reduction Strategy
Reevaluation. Rodolfo Camacho, editor. Annapolis, MD.
Chesapeake Bay Program (USEPA). 1994b. Cost-effectiveness of nutrient control. Lyn Shuyler, editor. Annapolis,
MD
Dillaha, Theo. 1990. Role of BMPs in Restoring the Health of Chesapeake Bay: Assessments of Effectiveness. IN:
Perspectives on Chesapeake Bay. Haire, M. and E. Krome, editors. Chesapeake Research Consortium. Publication No.
140.
Chesapeake Bay Program (USEPA). 1990. Cost effectiveness of Biological Nutrient Removal Technology. Prepared
for EPA by CH2M Hill, Inc. Annapolis, Md.
Jacobson, E., D. Hoag, and L. Danielson. 1994. Theory and Practice of Pollution Trading in Water Quality
Management. IN: SRDC Publication No. 180. (ibid).
Knees, Allen and B. Bower. 1968. Managing Water Quality: Economics, Technology, Institutions. Resources for the
Future. Johns Hopkins Press.
Knees, Allen and C. Shultz. Pollution, Prices, and Public Policy. Washington, DC: The Brookings Institution, 1975.
Maryland Department of Environment. Code of Maryland Regulations 26.08.02. 1993.
Organization for Economic Cooperation and Development (OECD). 1994. Managing the Environment: The Role of
Economic Incentives. Opschoor, J. and J. Baptiste, editors. 1994.
OECD. 1993. Taxation and the Environment: Complimentary Policies.
Rader, D.N. 1994. Nutrient Trading as a Management Option: The Tar-Pamlico Experiment. IN: Economic Issues
Associated with Nutrient Management Policy: Workshop Proceedings. Southern Rural Development Center, SRDC
Publication No. 180.
Tietenberg, T.H. 1985. Emissions Trading. Resources for the Future. Washington, DC
Virginia Department of Environmental Quality, et al. 1994. Actions and Options for Virginia's Potomac Basin
Tributary Nutrient Reduction Strategy. Richmond, Va.

63

Nitrogen Trading Bubble

1 4 low of nitrogen CIUI11ISSIOO credits

Figure 1 Nutrient Trading Market. This schematic shows a
conceptual drawing of a nitrogen trading bubble. Wastewater
treatment plants (WWTPs) can trade emission permits with each other
and can buy emission trading permits from farmers in their own
watershed. Farmers can earn emission trading credits by installing
best managment practices with various costs and levels of efficiency.
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Figure 2 Non-Point Source Cost-Effectiveness. This figure shows
typical cost effectiveness ratios for nonpoint source BMPs. These
broad ranges provide examples: specific watersheds should use
regional effectiveness ratios based on site-specific conditions. (Source:
Chesapeake Bay Program. 1992. Camacho.)
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Figure 3 Point Source Cost-Effectiveness. This figure shows cost
effectiveness ratios for relevant point source reductions. Biological
nutrient removal (BNR) provides significant cost-benefit advantages
and works best in summer months when nutrient loadings cause the
greatest problems. (Source: Chesapeake Bay Program. 1992.
Camacho.)
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Figure 4 Chesapeake Bay Watershed. This map outlines the farm
soil conservation plan regions for the three states in the Chesapeake
Bay Program: this or another geographic scheme could be used to set
up trading districts.
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Table 1 Nutrient Loadings. This table shows basin-specific nutrient
allocations for ten watersheds in the Chesapeake Bay watershed.
Some rivers. such as the Susquehanna are making little progress.
while others such as the Western Shore have made significant load
reductions. These performance differentials establish incentives for
potential trades.

NUTRIENT LOADINGS - 1985, 1992, and 2000
(millions of pounds/year)
PHOSPHORUS

NITROGEN

BASIN
.
Susquehanna
Potomac
.
Patuxent
Western Shore, MD
Eastern Shore, MD
Western Shore, VA
Eastern Shore, VA
Rappahannock
York
James
TOTAL

-

1985
Base

1992
Progress

2000 .
Nutrient
Caps

1985
Base

1992
Progress

2000
Nutrient
Caps

116.8
68.7
4.9
29.5
18.6
4.2
1.8
8.3
6.4
43.7

117.0
67.8
3.9
20.9
16.5
4.2
1.7
8.1

98.5.
50.0
3.5
18.9
14.1
3.0'
1.4'
5.7'

.5.95
5.32
0.53
1.99

4.76
4.67
0.29
1.21

1.44

1.00

6.1

4.5'

39.7

29.6'

0.31
0.12
0.73
0.62
4.26

3.73
3.61
0.33
1.22
0.96
0.31'
0.06'
• 0.54'
0.59'
4.04'

302.9

285.9

229.2

17.97

15.39
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0.50
0.09
0.86
0.93
6.18
23.79 I

Table 2 Relative Costs of BMPs. This table compares nitrogen
removal cost effectiveness for important management practices.
Calculations based on the assumed "limit of technology" (LOT) and
the total possible pounds of nitrogen (N) reduced. (Source:
Chesapeake Bay Program, 1994b. Shuyler.)

"LOT'Cost in
Dollars (000)

Pounds of N
Reduced (000)

°A of Total

Urban
Forest
Farm Plan
HEL
Pasture
Lo Till
Animal Waste
Nutrient Mgmt.

$643,172
$10.370
$66,169
$68,758
$9,015
$33,285
$84,563
$9,812

4,509
150
1,462
2.991
910
4,476
11,801
16.096

10.64
0.35
3.44
7.05
2.15
10.56
27.84
37.97

TOTAL

$925,144

42.395

100.00

Management
Practice
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Cost/Pound of N
Reduced, S/#N

5142.64
69.13
45.27
22.99
9.90
7 .44
7.17
0.61

The Effect of Shade on Water: A Tub Study
J.A. Moore, J.R. Miner 2 , and R. Bower3
Recent actions by the Oregon Department of Environmental Quality included water temperature
as one of the criteria to evaluate and protect waters of the state. After much discussion, 64°F was
selected as a statewide temperature criterion to maximize the health of aquatic ecosystems. This
has intensified interest and research into the question of the heat transfer process and stream
heating.
Currently, there are many individuals collecting stream temperature data in streams all across the
state of Oregon. These data reflect the sum of several heat transfer processes and the impact of
many environmental and physical conditions. This study was designed and undertaken to isolate
and evaluate the role of shade in the heating/cooling of water. To simply the system, the
experiments were conducted in tubs.
MATERIALS AND METHODS
Four sheet metal stock watering tanks were selected for the study. These were approximately 2
feet deep, 3 feet wide and 8 feet long with semi-circular ends. The sidewalls of two of the tanks
were reduced from about 2 feet to about 1 foot. These are hereafter referred to as the shallow
tanks and the tanks with the full original sidewall as the deep tanks.
This resulted in the deep tanks having a volume of 40.11 cubic feet, a surface area, when full, of
20.7 square feet and a depth of 23.75 inches. The shallow tanks held 19.84 cubic feet, when full,
and produced a surface area of 20.2 square feet with a total depth of 11.75 inches.
The sides of all four tanks were insulated with 4 inches of closed cell foam. All four tanks were
insulated on the bottom with an inch of foam and 4 inches of wood. All the tanks were evenly
spaced and mounted in an east-west orientation on an 18-foot long tractor-trailer running in the
north-south direction. In all experiments, the trailer was parked in the north-south azimuth to
insure equal sun exposure to all tanks.
A sheet of 4' x 8' x 1/2" particle-board was mounted 12" above the top of the tank (water surface)
to serve as a shade, but still allow ambient heat exchange and evaporation. A shade was
mounted above one of the deep tanks and one of the shallow tanks.
Thermistors were placed in all tanks to record the temperature, collecting data every 72 seconds.
Six units were located in the deep tanks and 4 units in the shallow tanks. At approximately the
0.25 and 0.75% of the length, thermisters were placed 1-2" above the bottom and 1-2" below the
surface in all tanks. In the deep tanks, units were also placed 8-10" from the tank bottom. For
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heat transfer analysis, data from all the thermisters in a tank were used to generate the tank
average water temperature. Data suggest there was some stratification.
Data were collected in 4 experiments during August and September 1997 at three locations n
Oregon, Corvallis (2), Seneca and Redmond. In all locations the trailer was leveled and the
tanks filled 4-24 hours before starting the experiments. Environmental data were taken 4 times
during each 24-hour experimental period. The data collected included precipitation (Oregon
Climate Center), air temperature, and wind velocity, relative humidity and cloud cover and is
shown in Table 1.
RESULTS
Corvallis, September 12-13, 1997
The temperature data were averaged over 30-minute periods and are plotted. Figure 1 shows the
water temperature for the shaded and unshaded deep tanks in Corvallis, September 12-13, 1997.
In the unshaded tank, the water was exposed to the radiant energy and reached a higher
temperature. It is interesting to note that the water in the shaded tank is already beginning to
cool after 5:00 in the afternoon. From Figure 2 (air temperature taken at the trailer) the air
temperature had begun to cool at 5:30 in the evening.
The rate of cooling is similar for both the shaded and unshaded tank. The partly cloudy weather
is likely responsible for these similar rates. The heating of the unshaded tank, compared to the
shaded tank through the morning shows effects of direct sunlight in heating the water.
The water temperatures in the shallow tanks are shown in Figure 3. The influence of the volume
of water to be heated and cooled can be seen clearly by comparing Figures 1 and 3. The
unshaded shallow tank reached both a warmer (70+ vs. 65+ uF) and a cooler 56+ vs. 62+ °F)
temperature when compared to the unshaded deep tank. This volume influence can also be seen
by noting the slope (rate of change) of both the shaded and unshaded shallow tanks at night (6:00
p.m. until 7:00 a.m.) the unshaded tank lost heat (reduced temperature) faster than the uncovered
tank and it also increased temperature faster (7:30 a.m. until 5:00 p.m.) during the day.
Since shade has such an impact on rate of temperature change, these data have been plotted. In
Figure 4 the rate of temperature change in degrees °F per hour, are plotted for both the shaded
and unshaded shallow tanks. Shade can influence both the maximum and minimum
temperatures of a water body. In Figure 4 we see that at mid-morning the unshaded tank is
increasing in temperature a rate of 1.2°F per hour, while the shaded tank is increasing only at a
rate 0.25°F per hour or a difference of eighty percent. After about 10:00 a.m., the unshaded tank
continues to increase in temperature faster than the shaded tank, but at a slower rate. The shaded
tank continues to increase also, but the rate of increase stays at about 0.2°F per hour. In the night
(7:00 p.m. – 6:00 a.m.) the rate of heat loss (temperature change) is relatively constant for each
tank. However, the unshaded tank is changing at twice the rate of the shaded one. It is losing
temperature at a rate of 1°F per hour while the shaded tank is losing at a rate of about 0.5°F per
hour.
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By looking at the data in Figures 3 and 4, we can evaluate the influence of air temperature on
water temperature change (heat loss). The rate of change in the unshaded tank was changing the
most from 5:30 p.m. until 6:30 p.m. (Figure 4). It went from gettin wanner at a rate of 0.75°F
per hour to losing heat (negative temperature loss) of greater than 1°F per hour. From Figure 3,
the air temperature was between 74.9 and 70.2°F. Since water has a much higher specific heat
this would suggest that air temperature has a small impact on rate of heat movement to and from
water bodies. The same patterns, but with smaller values, is seen in the data from the shaded
tank. In looking at the air (Figure 2) and water (Figure 3) temperatures in the morning, they both
begin to increase about 7:30 a.m. when the sun begins to strike the surface. The air temperature
continues to increase until about noon while the rate of water temperature increase peaks about
9:30 a.m. (Figure 4). It still increases in temperature but at a reduced rate, which may be related
to warmer water and more evaporation, although this was not measured. The air temperature
data also suggest there was more cloud cover on September 13, beginning at 10:00 a.m.
Redmond, August 23-24, 1997
The temperature variations of the deep tanks (Figure 5) at Redmond, August 23, 1997, followed
a pattern similar to those seen in the Corvallis data set. The water in the non-shaded deep tank
reached 69.5°F while the shaded deep tank maximum temperature was about 64.5°F. The
unshaded tank also lost more heat, dropping from 69.5°F to a low of 61°F (A8.5°F) overnight.
The shaded tank lost less heat and at a slower rate overnight, dropping from 64.5°F to 59.5°F
(A=5oF).
A similar pattern can be seen when reviewing the temperature data for the shallow tanks at
Redmond (Figure 6). Because of the smaller water volume, the maximum and minimum
temperatures experienced in the shallow tanks displayed a wider swing than the deep tanks. The
maximum and minimum temperatures for the unshaded tank was 75°F and 57°F (018°F). The
shaded tank went from a high of 66+°F to a low of 57°F (6,9°F). As with the deep tanks, the rate
of change was greater for the unshaded tank (0=9°F). The rate of change is plotted and shown in
Figure 7. These patterns were influenced by the cloud cover that was experienced that day/night
in Redmond. Table 1 shows the environmental data collected. Note the comment on cloud cover
and rain.
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Table 1 Environmental Conditions in Redmond
August 23-24, 1997

Date

Time

Wind/Gusts

Notes

12:20 PM

Relative
Humidity
40-45%

8/23

3-6 mph/10 mph

Sunny, 10% clouds

8/23

8:00 PM

50-57%

3-8 mph/11 mph

Clear, 30% clouds

8/24

8:00 AM

60-64%

4-10 mph/15 mph

Cloudy, recent rain

8/24

1:44 PM

55%

3-8 mph/15 mph

Sunny, 30-40% clouds

It would appear that cloud cover or lack of it, influenced the air temperature several times during
the data collection period in Redmond (Figure 8). There was an increase in air temperature
about 8:00 p.m., when the impact of the setting sun would not be expected. Shortly after this
increase, the temperature fell rapidly for about an hour, then decreased at a slower rate until just
after sunrise the next morning. There are two sharp increases, then decreases, in air temperature
that occurred the morning of August 24. One can speculate that an opening in the cloud cover
allowed the sun to heat the air.
This pattern would support the strong impact of shade (cloud cover) and nonshaded conditions
on the air temperature. The same pattern is seen in the water tanks. However, because of the
specific heat of air and water, the air responds much faster. This would account for both the
rapid increase and decrease in air temperature seen in Figure 8 between 10:30 a.m. and noon on
August 24th. In reviewing the water temperature in the unshaded shallow tank through the
morning of the 24th, an increasing smooth line results.
However, from Figure 7 a change in the rate of heating can be seen during the morning of the
24t h . While the water continued to increase in temperature at almost 2°F per hour, the rate stayed
flat or constant until the sharp increase about 11:00 a.m.
OTHER DATA

The experiments were run in Seneca, August 25 th and 26th and in Corvallis, September 19 th and
20th, 1997. In reviewing this data (Figures 9 and 10) it looks quite similar to the results already
reviewed from Corvallis August 12th and 13th and Redmond August 23 rd and 24th. Because the
patterns are the same, they will not be included in this discussion. From Figures 9 and 10 the
trends support the discussion already presented in the body of the paper.
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Conclusions
These conclusions are based on a non-replicated study, and limited to this experiment. However
they follow what an examination of the laws of physics would suggest.
•
•
•
•

Shade is a very important factor in influencing the rate of heating and cooling of water
bodies.
Water volume (depth) is important to the rate of heating and cooling. As the volume of the
water body decreases, the rate of heating and cooling increases, for the same surface area.
Air temperature has relatively little influence on the rate of heating and cooling sofa water
body.
From this limited data set, the experimental location and evaluation does not appear to be an
important influence on heating and cooling.
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