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CONDENSED ABSTRACT

The South Nation River watershed has a regulated water quality trading program. By law, waste water
dischargers must control their phosphorus (P) loadings into the receiving waters of the watershed, and
al new wastewater systems are now choosing trading instead of traditional P remova technology.

Wastewater dischargers are buying P credits from rurd landowners, primarily farmers. South Nation
Consarvation, a community based watershed organization, isthe broker for P credits. The programiis
run by a multi-stakeholder committee, and al project field vists are done by farmers and not paid
professonds.

INTRODUCTION

The South Nation River watershed is located southeast of Ottawa, Ontario Canada. The watershed is
3900 sg. km. in Sze, has a population of about 125,000, and is mixed farming with dairy and cash crop
corn and soybeans predominant.

The South Nation River has peak flows of over 1,000 cu nv/sin the spring freshet, and less than 20 cu
m/s during summer low flows. There are currently 16 wastewater lagoons in the watershed (14
municipd, 2 indudrid dary). Provincid guideines dlow the lagoons to discharge thair effluent at pesk
flows, primarily in the oring, for dilution of effluent to meet Provincid water quaity guiddines

The South Nation watershed exceeds Provincid water quality guideinesfor P, which currently are 0.03
mg/L. Annua mean P concentrations for the main South Nation River are 0.07 mg/L in the upper
reach, 0.126 mg/L in the middle, and 0.129 in the lower reach of the River. Watershed studies show
that 90% of the P load comes from non-point sources (NPS).

The Provincid Minigtry of Environment (MOE) is responsble for water qudity and licensng the
operation of wastewater trestment in the Province. According to Provincia policy, where water qudity
does not meet Provincid standards for a specific contaminant, no further degradation of water quaity
will be alowed for that contaminant. However, in the past MOE gave dischargers a permit to
discharge P from ther plants into the South Nation River and its tributaries, even though the
watercourses did not meet Provincia water quality objectives. Beginning in 1998, the Ministry stopped
issuing these permits and required dl dischargers to have zero discharge of P from ther plants. MOE
imposed this standard on new congtruction only. Existing plants that continued to operate according to



their current permits required no changes to P loadings.

In the past, the only option for municipalities to meet this stlandard was improved wastewater trestment.
However, it is not aways technicaly feasible, physicaly possble, or socidly desirable (because of
costs) to meet the 0 kg standard.

MOE therefore created a new solution to remove P contributed by wastewater dischargers. Called
Tota Phosphorus Management (TPM), it allows dischargers to contribute P from their trestment plants,
in contravention of Provincid policy, so long asthey offset thisincreased P load by controlling P from
non-point sources (NPS). MOE treats the watershed as a unit. Therefore, atreatment plant
discharging P in the lower reaches of the watershed can pay for measures to reduce P in the upper
reaches, or any other part, of the watershed.

Since NPS projectsto reduce P are paid for by the discharger that contributes P, the TPM program is
atrue credit trading program, with dischargers required to buy P credits from rurd landowners.

The amount of P credits that need to be bought depends on two factors. The firg isthe amount of P
that the discharger contributes. For example, avillage that expands their wastewater plant for an
additional 3,500 people will add about 600 kg of P into the River. A recent landfill expanson added
25 kg of P.

The second isthe ratio of P required by MOE to be removed. In theory, adischarger only needsto
reduce P from non-point sources equivalent to the amount they contribute (i.e. a 1:1 ratio) from the
wastewater plant in order to meet Provincia policy. However, MOE requires a4:1ratio. Thet is, 4 kg
of P must be removed from non-point sources for every 1 kg of P that the discharger contributes to the
watercourse. Thishigher ratio is sat because of the unique nature of the TPM program (it is the first of
itskind in Ontario), lack of knowledge on how much P isfirst transported, then ddlivered, to
watercourses, and the debate on how much of the P in the water is soluble vs. particulate.

The amount of P contributed by various non-point sources is determined by using formulae derived
from studiesin Ontario, Canada and € sewhere (The mgority of these formulae and the attached
references were produced by the Grand River Conservation Authority, Cambridge, Ontario.) The
literature reveds that the range in results for individua practicesis quite large, and the results are highly
variable because cdculating P lost or saved by agricultura management practices is avery complicated
process.

Manure Management

The amount of P transported from a manure storage or barnyard depends on the Size of the area
contributing to the runoff as well as the number of anima's contributing manure to the area. The number
of days that the animas are on the yard or in the barn producing manure aso needs to be factored into
the caculation.



The formula uses the USDA (1992) cdculation of the phosphorus excreted per animd and assumes
that approximately 4.0% of the total excreted will be carried off Ste in runoff. The remaining 96% of
the P excreted is assumed to remain in the manure. Proper gpplication and utilization of the manure as
acrop nutrient will ensure that this portion of the phosphorusis not available to runoff. Since dl storage
facilities constructed through the TPM program are assumed to prevent discharging to a watercourse,
no delivery factor is applied.

Kg of P per year controlled by Manure Storage = # of animals x animal phosphorus factor x days x
0.04

Clean Water Diversion

Clean water diversons control manure runoff from barnyards, feedlots, and manure storage aress. It
diverts clean water away from these areas using berms, eavestroughing or roofs. The number and type
of livestock, sze of yard and yard surface as well as the proximity to a watercourse will determine the
amount of P delivered to awatercourse. The following calculation assumes that clean water diverson
will control 2.0% of the P excreted from the animd. The number of days refers to the number of days
that manure or animas are on theyard. The assumption isthat this calculation will be gpplied to Sites
that are discharging to awatercourse and therefore a ddivery factor is not applied.

Kg of P controlled per year by Clean Water Diverson = # of animas x anima phosphorus factor x
days x 0.02

Milkhouse Washwater

The vaues in the literature range from alow of 17 kg to a high of 38 kg per year of phosphorus
diverted from loca watercourses by proper storage and handling facilities. The number of cows,
volume of washwater, type of milking system, detergents and management in the milking parlor and
milkhouse can affect the concentration of P in the waste water. The number of cows milked is used to
determine the phosphorus contribution per milkhouse.

Based on vaues in the literature, the amount of P per cow per year ranges from 0.68 kg to 1.4 kg. The
average of these vauesis 1.26 kg of P per cow per year. Using this vaue the following caculation will
be used to determine the P contributions saved by implementing milkhouse projects.

P controlled per year by Milkhouse Washwater Projects = # of cows x 1.26 kglyear

Livestock Access

Information on the input of P from livestock access to watercoursesis difficult to locate. Thereisa
great dedl of information about the effectiveness of buffer strips and riparian vegetation, but very little

about direct livestock contributions. Using the US Soil Conservation Service assumptions, 2.0% of the
P excreted is contributed to the watercourse. Until other values are found in the literature, this



assumption will be applied to other types of livestock. This cdculation islimited to the amount of P
excreted directly into the watercourse and not the amount of P that runs off from the pasture. Thisis
influenced by the number of days that the animals have access have accessto the watercourse. The
cdculation for P reduced by improving the riparian zone should be done separately using the buffer strip
caculation.

Kg of P controlled per year by Livestock Access Redtriction = # of animas x anima phosphorus factor
x daysx 0.02

Cropping Practices

There is some debate in the literature as to whether conservation tillage increases or decreases P
ddivery from cropped fidds. Overdl it gppearsthat conservation tillage reducestota P athough the
soluble P delivery may increase. Practitioners generdly agree that conservation tillage reduces soil loss
and total phosphorus. Using the average P loss reduction for each practice presented by Draper
(1997), conservation tillage reduces P loading by an average of 75% or 0.75 kg per hectare. Cover
cropping reduces P loading by 0.4 kg per hectare annudly.

P controlled per year by Conservation tillage = 0.75 kg x hectares
P controlled per year by Cover cropping = 0.4 kg x hectares
Buffer Strips

Buffer stripsthat are aminimum of 3 m wide gppear to reduce P loadings by approximately 70%.
Draper (1995) estimate that one ha of cropland contributes approximately 1 kg of P per year, therefore
a3 m buffer strip would control approximately 0.7 kg of P from every haincluded in a buffer.

P controlled per year by Buffer Strip = 0.7 kg x hectares buffered
Nutrient Management Planning

The lowest P reduction reported in literature of nutrient management planning is 25 kg per hectare.
Delivery of P to awatercourse depends on the dope, soil type, tillage method, vegetation cover and
proximity to the watercourse. Not all areas contribute P to awatercourse. Because of their proximity
to channels and streams as well as specific land characteristics, hydrologically active areas contribute
most of the P even though they make up asmadl portion of the watershed. Studies by Wall (1978)
confirm that gpproximately 10% to 20% of an agricultural watershed contributes the mgjority of the
loadings to the stream channels. To provide aredigtic esimate of P controlled by nutrient management
planning only hydrologicaly active areas should be included in the calculation. To smplify the
caculation, 10% of the hectares under a nutrient management plan will be assumed to be hydrologicaly
active and therefore contributing phosphorus.



P controlled per year by implementing a nutrient management plan = 25 kg x hectaresx 0.1

All of these formulae were caculated severd years ago. Since then, there has been a great ded of
work on caculating loadings. Since TPM is aregulatory program, it is necessary to have the most
up-to-date formulae. A contract was recently signed with the University of Ottawa to update these
formulae, and a peer group of US and Canadian experts were asked to review the material and provide
direction to the University.

The actua cost of controlling each kg of P was determined by South Nation Conservation (SNC).
SNC isacommunity based watershed organization set up to manage the natural resources of the South
Nation River watershed. Over the last severd years, and prior to the TPM program, SNC paid over
$1 million in grants to rura landowners for hundreds of NPS control projects. Using the formulae
above, it was possble to calculate the amount of P controlled for each of the projects. Since the tota
cost of each project was known, it was possible to derive an average cost of $300 (Cdn) for each kg
of Premoved. Obvioudy, some projects are more efficient at controlling P than others, however the
$300 figure is accepted as accurate. Each year thefigure is reviewed to determineif it should be
adjusted due to risng costs.

The $300 aso includes cogts of project management (taffing, administration), water sampling,
communications to promote the grants available to landowners, and yearly reporting. SNC must
complete ayearly report showing the amount of P controlled that year, and alocating that P to one of
the TPM dischargers.

Cost benefit studies done in the South Nation watershed show that the cost for complete removal of P
using traditional wastewater treatment methods is around $2,000 (Cdn) per kg of P removed. Thus,
using the 4:1 ratio, the cost to remove P using TPM is about $1,200 per kg. While dischargers have
the option of using either TPM or enhanced wastewater trestment, all dischargers have chosen TPM
snceitsinception.

The advantages of using the TPM gpproach are evident:

1. It savesloca tax dollars snce new wastewater treatment plants are not required to control P.

2. It saves government dollars, Since wastewater trestment costs are lower, and fewer government
grants are needed.

3. It puts money in the hands of farmers.

4. 1t achieves greater water quality benefits snce NPS controls will prevent not only P from entering
the water, but other nutrients and pathogens as well.

To enter into a TPM program, a discharger must agree to the 4:1 ratio, and must show to MOE their
plansfor reducing P. Each discharger has the option of starting their own NPS reduction program.



However, SNC is used by dl because of itslong established clean water grant program. MOE issuesa
legdl certificate of gpprova that alows the wastewater facility to operate under a TPM program. Most
TPM agreements have a four year deadline to reduce the full amount of P.

SNC, asthe broker, isrespongble for finding projects to fund with the dischargers money. Requests
for projects are made through the local mediaand presentations to municipdities and farm
organizations. All projects are voluntary, with no landowner forced to participate in the TPM program.

Neither SNC, nor the landowners as the recipient of the funds, have any legd responsibility should P
targets not be met. This responsbility rests solely with the discharger who must prove to MOE that
they are meeting their P reduction targets. With SNIC's experience in grants for amilar projectsin the
pas,, there is no forecasted shortage of P reduction projects for several more years.

The issue of responghility for P reduction was akey issue to the success of the TPM program. Initidly,
the agricultural community opposed TPM. They had concerns with severd components of the strategy
including: offset ratio for P reduction; funding leve per kilogram P, responsibility of landowners who
accept funding to complete non-point projects, and the respongbility of the municipdity/industry if the P
offsat was not achieved through non-point source reduction projects. The agricultural community felt
the dischargers were being given alicense to pollute, and that the perception would be that farmers
were the cause of the problem if they were doing al the work and getting al the grants.

Extengive consultation with the agricultura community over three years achieved consensus on the roles
and respongibilities for the various partners involved in the TPM program. This consensus became a
Statement of Roles and Responsihilities document that was signed by the locd agricultura
organizations, Provincid government, and SNC. Consultation dso resulted in a higher ratio for P
reduction (4:1 ingtead of theinitia 2:1), higher costs per kg P removed, and an evauation and
monitoring strategy to ensure the P load reduction is achieved.

The consultation process dso created a multi-stakeholder committee that gpproves dl projects. The
committee is composed of farmers, industry, municipdities, farm organizations, and SNC. It reviews
projects, and whether or not they meet the criteriafor funding. All criteria, grant rates, and other water
quality decisons are made by the committee. The committee receives funding from severd different
sources, dl with dightly different funding criteria. It then decidesif the landowner project meetsthe
criteriafor one of the grant programs.

A find result of the agriculturd consultation was the use of farmers as field representatives to do dl site
vidts. The agriculturd community expressed some concern over using agency staff who might not
understand current farming practices. Now, when alandowner wants to apply for agrant, they contact
SNC, who then refersthe call to one of severa field representatives who then do the field inspection.
The field representative then reviews the project and potentia grants with the landowner, and
determinesif it isindeed digible for grants. The field representative then makes a presentation to the
multi-stakeholder committee, who rank projects based on improvements to water qudity. This
gpproach is unique amongst the water qudity programsin Ontario. All other water quality programs



use full-time professond gaff to do fidd ingpections.
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