


















































































































































































Table 20. (Contd.)
SUMMARY OF EFFECTIVENESS OF MANAGEMENT PRACTICES

.......

.......
o

Artificial storage

Floatablesskimmers

Wetland discharge

Streambankprotection

Energy dissipators

Catch-basincleaning

Purposeand �M�e�~�h�o�d of Application

A number of storagesystemsare possible that
would include storage in tanks, underground for­
mations, �i�n�~�l�i�n�e (sewers) and concrete; these
approachesare usually used only in extreme con­
ditions when above-groundarea is limited; costs
might be excessive.

Holding back floatable oil and grease, litter and
orgapics can be accomplishedwith oil skimmers,
baffle weirs or somethingas simple as a board
across an outlet; unfortunatelydata does not
exist for these practicesbut they are very effec­
tive for certain target pollutants.

Use of the physical-biological treatmentcapabili­
ties of natural wetland systemsis an extremely
good MP provided the wetland is not overloaded
with sediment and pollutants toxic to plants;
dischargeof any sediment-ladenstormwater to wet­
lands should not be permitted without prior set­
tling; treatmentvariabilities exist depending
upon wetland type and time of year;may be
nutrient source in spring.

Increasedurbanizationcausesincreasedstormwater
runoff rates and volumes which can severely impact
urhan stream channels; near 100 percentof stream­
bank erosion is delivered into a receiving water;
measuresto use include grade stabilization
structures (see Agricultural Collection section),
rip-rap, gabions, vegetation and concretepavement.

Somewhat similar to the above category, these prac­
tices are used to collect stormwaterand move it
along with the least amount of soil disturbance;
practicesinclude level spreaders,grade stabilizA­
tion structures (see Agricultural Collection sec­
tion), flexible or paved downdraws, grassedwater­
ways (see Agricultural Collection section), diver­
sion berms.

Severe levels of oxygen-demandingsubstancesand
associatedpollutants can buill! up in sump-type
catch-basins;cleaning basins before deposited
material goes "septic" would likely reduce over­
all pollution loading; installation of sump-type
catch basins is not a recommendedpractice for
quality contro1.

Approximate Percent Reduction
of Pollutant

Same as off-site detention
except for in-line storage
which merely slows volume
prior to discharge.

Data not available.

- 90 percent �~�S�S

'SO percent COD
Variable N & P

Purposeto stabilize bank
rather than reduce in­
streampollution.

- Purpose to reduce energy of
runoff rather than reduce
in-streampollution.

- 10 percentTSS (for increased
level of maintenance)

- 5 percent COD



Table 20. (Contd.)
SUMMARY OF EFFECTIVENESS OF MANAGEMENT PRACTICES

Urban:
Treatment

Management_Practice

Clarification settling

Filtration

Screening

Swirl separation

Treatment lagoons

Flocculation

Disinfection

--------"----

~~rpose and Method of Application

(See Detention section)

Can occur with or without intentional biological
treatment: involves discharging stormwater
through sand, stone, plastic, coal or other
medium: very high solids removal efficiencies
occur, but at high cost.

Many varieties of screening treatment systems
exist, all fairly effective at stormwater treat­
ment for solids but again quite expensive.

System uses separation principle to funnel debris,
without using moving parts; quite efficient at
pollutant removal, yet requires a lot of capital
and maintenance; very good system for installa­
tion in highly urbanized areas if enough room
can be found for below-ground installation.

Includes oxidation ponds, aerated lagoons
(oxygen supplied) and facultative lagoons
(combination of aerobic and anaerobic): treat­
ment usually good but land requirement often
excessive.

Very effective when used in combination with
settling pond; involves addition of lime, Fe or
Al salts and/or polyelectrolytes to coagulate
particles; especially efficient for soluble
and fines-associated pollutants; can be applied
to any detention system with varying degrees of
difficulty.

Elimination of pathogenic organisms by use of
chlorine, ozone or hypochlorite salt; effective
if costs can be met: can be installed on any
collection syste~.

Approximate Percent Reduction
of Pollutant

- 90 percent 'l'SS
- 50 percent COD
- 75 percent N & P

- 50 percent TSS
- 35 percent COD
- 40 percent N & P

- 50 percent TSS
- 90 percent bacteria
- 40 percent COD

- TSS function more of
settling than flocculation

- 75 percent organics
- 80 percent TP
- 75 percent N

up to 100 percent for patho­
genic organism·.



appropriate. In instances where specifics of application are not known, the
low end of the range will be used to present a conservative figure; improve­
ments above this conservative figure will be welcomed as extra benefits.

Two itens do not occur in Table 19 because they are essentially nonquantifiable
MPs; these items are comprehensi ve stormwater management and informati on/
education (l/E). Comprehensive stormwater managenent (CSM) enables a community
or 1and manager to assess the impact that stormwater could have on a parti cul ar
pi ece of 1and or on an enti re comm uni ty/w at ers hed. The water qual ity benefits
associated with such an exercise are nearly impossible to quantify, yet it is
obvious to those working in the stormwater area that those communi ti es or
managers that use a good CSM approach have far fewer problens with water in
general than those that do not plan adequately. At a minimum, communities
should be encouraged to undertake CSM programs in conformance with guidel ines
determined by an appropriate managenent agency and in conjunction with neighbor­
ing communities on a watershed basis.

I/E programs again are nonquantifiable from a water quality standpoint, but are
in herentl y suite d to yi el d water qual ity impro vements. Perha ps the mos t often
suggested MP in addressing water qual ity issues is a massive I/E program in
which facts are disseminated in hopes of convincing the public of the obvious
merit of nonpoi nt poll uti on control. However, peopl e have known for decades
about water qual i ty and erosion problens, yet have met with 1imited success.
A well-planned liE program is essential and should be practiced as a low-cost
managenent approach.

One fi nal comment about Table 20 is that it is not intended to be a compil ati on
of every con cei va bl e MP ever cons i der ed for us e. It is, howe ver, an att enpt to
define MP categories into which similar, yet unmentioned, MPs could fit. The
structural trea1Jnent categori es are parti cul arly voi d of entri es although many
other approaches exist. The reason for this is that most treatment systens are
pro hi bi t i vel y e xpensi ve (they can easil y be an or der of ma gni tude more e xpen­
sive than minimum or nonstructural MPs) and it is believed that less expensive
techniques that yield similar results can be used. Furthermore, location of
urban treatment systens would likely occur in the CSO areas already covered by
the MWCC 201 study. The evaluation of low-cost, easily implenentable MPs fits
i nt 0 the 0 bj ecti ve of the management pro gram.

Now that the list of possible MPs has been compiled and evaluated for effective­
ness, it is necessary to select individual or groups of MPs that can best be
implenented to achieve desired results. The approach will stress minimum or
nonstructural practices that will be effective, yet inexpensive.

Recommendati ons for MP appl ication to achieve a cert ain poll utant reduction
wi 11 1ike1y i nvo 1ve putting toget her a s eri es of rel at ed MP s; such "famil i es II

give communities and managers the flexibility needed to implenent prograns.
The least costly family is that composed of housekeeping MPs. The housekeeping
family applies predominantly to the urban/urbanizing areas and consists of MPs
appl icati on at a more i ntensi ve scal ethan is currentl y under way. Recommended
MPs that would fall in this family would be:

Street sweeping (biweekly to monthly).

Priority street sweeping in areas directly tributary to lakes.
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Catch-basin cleaning (monthly).

Sweeping of industrial and commercial complexes (weekly).

Oil and chemical disposal programs for each community.

Leaf collection in autumn; seed collection in spring.

Litter control at all public gathering points.

Pet control in vicinity of lakes and streams.

Control of disposing yard litter in streets or sewers.

Control of chemical application (salt, pesticides, fertilizers).

Initiation of these controls is likely to result in pollutant reductions of 50
to 75 percent for most pollutants. The 75 percent side of the range would be
reached by instituting an aggressive housekeeping program while the lower end
could be reached with a less aggressive approach.

The second family of MPs would be construction runoff control, targeted at
urbanizing communities or redeveloping urban areas. The goal of a good
construction control program is to keep all nonpoint source pollutants on­
site. Maintenance of existing water quality in an urbanizing area will depend
upon eliminating any off-site effects of construction. Again, the following
construction runoff control family should be designed for 100 percent elimina­
tion of off-site, nonpoint source pollution:

Wetland discharge (if available) of presettled runoff.

On-site erosion control designed to minimize soil disturbance;
typically would include staged construction, seeding/mulching,
enhanced infiltration, small-scale ponding, etc.

Control of chemicals used in construction, such as petrochemicals,
pesticides, fertilizers and sanitizers.

Larger-scale detention at point of discharge from construction site
(if applicable).

MPs considered beneficial only when combined with others in the
family include haybales, diversion berms and controlled access.

Somewhat related to the above instance but more widely applicable is the whole
family of detention ponding and design. Without going into design details, the
following detention approaches have proven most effective in dealing with
nonpoint sources:

Ponding with perforated riser outlet and perforated horizontal outlet
to allow for infiltration prior to discharge (very effective for
solubles and fine particles).

Ponding followed by wetland discharge (again very effective for
solubles and fines).
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Ponding with a highly pervious bottom to enhance infiltration.

Overflow ponding when a certain in-pipe capacity is reached.

Tandem ponding designed to first settle coarse particles, then finer
particles, in succession.

Ponding with floatables skimmer or baffle weir installation.

Ponding with flocculation and/or chlorination.

Many other combinations exist, limited only by the ingenuity of the designer.
Detention facilities are particularly appropriate for conjunctive use costing
of benefits. Most detention facilities have at a minimum a dual-purpose role
because they control quantity as well as quality. Caution must be exercised
however, because a water quality design might vary considerably from a quantity
desiqn, depending upon the objectives of the detention system. This variance
is caused by the difference in design storm frequencies, with quality concerns
oriented toward high frequency events and quantity toward lower frequency.
Other conjunctive uses for detention include recreation, aesthetics and pos­
sibly water supply, directly or indirectly. A well-designed detention system
described in the family of design concepts above can easily yield pollutant
reductions of 75 percent TSS, 50 percent COD and 50 percent nutrients. To
emphasize again, maintenance of detention facilities is an absolute must if
they are to continue with any effectiveness.

Another logical family of MPs would be those used by farmers to minimize soil
and nutrient loss from their croplands and noncroplands. The conservation
practice family would consist of a series of MPs such as the following:

Minimum tillage to conserve soil and minimize nutrient/organics
movement (crop).

Fertilizer and pesticide timing and application management (crop).

Dissipation of runoff energy with vegetated buffers, drainageways and
grade stabilization structures (crop and noncrop).

Select detention at the bottom of long grades or critical erosion
areas (crop and noncrop).

Critical area stabilization (crop and noncrop).

Streambank erosion control and elimination of animal access to
streams/lakes (crop and noncrop).

Feedlot runoff management (noncrop).

This family of agricultural MPs alone, if implemented in appropriate areas,
could eliminate 75 percent TSS, 50 percent nutrients, 40 percent COD and 50
percent pesticides. Portions of this family could of course be applied for
lesser costs in those areas not needing intensive attention.
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The final family of MPs that could easily be used to achieve pollutant
reductions is the infiltration group. The primary goal of this family is
minimization of runoff volumes and rates. Allowing stormwater to infiltrate
and seep back slowly through the shallow groundwater system achieves both
quantity and quality control. Although most nonpoint pollutants will readily
adsorb to soils and not migrate far into the ground~ater system, careful
monitoring of groundwater quality is recommended because soil ion capacities
are eventually exceeded and migration might result. Additionally, pollutants
such as nitrates and chlorides are soluble enough to migrate easily into
groundwater and might reach elevated concentrations in the vicinity of
increased infiltration areas. The infiltration family might easily include:

Lateral trenches in parking lots, construction sites, etc.

Perforated outlets from ponds.

Extremely pervious detention facilities.

Enhanced soil infiltration capacity by breakup (chisel plow, limited
scarification, vegetative establishment, etc.).

Recharge pits, trenches, ponds.

Preservation of natural resource areas such as wetlands and
floodplains.

Limited disturbance of natural soil profile during construction.

Increased infiltration can yield variable pollution reduction rates all the way
up to 100 percent if no surface outflow results from an infiltration system.
More realistic figures for common (not 100 percent infiltration) systems should
yield reductions in the 25 percent to 50 percent range for most pollutants.
Caution should be exercised with respect to types of pollution treated by
infiltration. Concern has been expressed in Minnesota by state agencies that
infiltration of chlorides and soluble nutrients might nullify the benefits of
stormwater control, and on that basis, not be allowed as a management technique.

In summary, the use of individual MPs as identified in Table 20, and families
of MPs as just described, yield almost limitless possibilities for putting
together an effective and relatively low-cost management program. Specifics of
design and individual watershed approaches will have to be done at the time of
actual implementation. The next portion of this report identifies the general
method that was used to apply and evaluate the possible results of MPs.

MANAGEMENT PRACTICE APPLICATION

Now that the effectiveness of various MPs or groups of MPs have been determined
as well as possible, it is necessary to formalize the methodology for their
application. The only currently existing goals towards which to work are those
summarized in Table 5.

The development of the criteria that went into these gUidelines did not con­
sider nonpoint pollution input, but was rather oriented toward continuous point
source discharges. For this reason, relating nonpoint source pollution and its
control to water quality standards is very difficult. For example, the stan­
dard for total chromium (Cr) is 50 micrograms per liter (ug/l) in streams; the
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problem identification paper reports Cr levels reaching as high as 270 ug/l in
storm sewers. The water quality standards allow for mixing, so the question
becomes what level of Cr in a small storm sewer would be acceptable. Perhaps
more difficult questions are those of TSS and COD, two very serious nonpoint
pollutants for which specific standards do not exist. In agricultural areas,
TSS and COD levels, respectively, reached as high as 6,900 mg/l and 676 mg/l,
while urban area discharges for the same pollutants hit 26,610 mg/l and 1,505
mg/l. The standards generally state that sediment and organic pollution should
not be allowed to enter streams, but specific standards for which to plan are
absent. Similarly, the standards state that no toxic levels of any pollutant
should exist in state streams; standards for some metals do also exist.

Of particular interest because of the identified lake problem, is the lack of a
phosphorus standard. An effluent standard of 1.0 mg/l does exist, but this
seems much too high an in-stream standard if our lakes are to improve.

To overcome the standards problem an approach is recommended that would reduce
loading in watersheds by increments until a certain annual flow-weighted mean
concentration is achieved. The annual flow-weighted mean concentration is
determined by dividing the annual load by the annual runoff/flow volume; that
is, the mass of pollutants is divided by the volume of water carrying that
mass, thereby giving an indication of pollutant strength. This would allow
load reductions to be proposed that would relate to recommended in-stream or in­
lake conditions. Gross loads that generate concentrations an order of magni­
tude larger than those recommended will not be quickly eliminated. Proposals
herein should be viewed as the first step toward establishing water quality
goals. Obviously, all of the pollutants of concern cannot be cleaned up
uniformly; priorities will have to come with further design of watershed
management programs.

The MPs will be applied according to watershed load reduction needs and run
through the statistical model. A statistical model was chosen because it is an
easy, flexible planning level model that deals sith watershed and land use
factors affecting water quality; that is, dependent ~/ater quality variables can
be expressed as a function of certain independent variables observed from the
statistical analyses. The final product of this exercise for each watershed
will be a recommended approach for application of a management system, complete
with water quality results and costs. This watershed recommendation will be
based upon the severity of the water quality problem and the location and
number of lakes within the watershed.

The various management approaches chosen for each particular watershed or set
of watersheds will depend upon the unique conditions of the watershed(s). A
watershed with several lakes will undoubtedly be treated differently than a
relatively dry watershed; a watershed with high density residential use will
mandate use of more structurally oriented practices; agricultural watersheds
that contain a large percentage of conservation tillage will be much less
costly to control than a watershed that contains a large amount of tenant
farming and bad practices. Results of runoff and lakes monitoring programs and
interpretation of results were very important in definition of critical problem
areas and development of subsequent management approaches. The following
portion of this report contains the suggested watershed management specifics.
These suggestions are recommendations for how watershed implementation might
proceed. The purpose of this suggestion is to obtain an idea of type and cost I

of MPs needed. Detailed management approaches can realistically be proposed
only after an intensive watershed plan is finished.
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WATERSHED ANALYSES

The water quality data collected from the 17 monitoring sites discussed earlier
can be considered fairly representative of the land use and physical character­
istics of comparable watersheds that were not monitored. Consequently, the
\~ater quality was approximated for all 44 secondary watersheds by mathematical
modeling techniques. The statistical modeling method described previously
accomplished the projection task for the Metropolitan Area; that is, the
results of monitoring 17 subwatersheds were statistically applied to the 44
secondary watersheds of the Region to assess the impact of nonpoint source
pollution. The results of the modelinq were then evaluated for individual
watersheds to determine management needs. The 44 secondary watersheds of the
Region are shown in Figure 25. To account for differences in land use or
physical features within watersheds, some of the larger watersheds were sub­
divided and an evaluation was done for each subwatershed. Table 21 lists the
44 secondary watersheds and their subwatersheds if used. Also included in
Table 21 is an indication of the percent concentration reduction needed to
achieve the goals for the priority pollutant assigned the watershed.

To focus attention on the most serious problems, this plan assigns "priority"
pollutants to each watershed, depending on the type of water body that is
most prevalent in the watershed (lakes or streams), as well as the type of
watershed (urban or rural). A separate analysis was done for each subwater­
shed. Health-related watersheds are those immediately upstream of the Fridley
intakes for the Minneapolis and St. Paul water supplies and watersheds dis­
charging to the 13 St. Paul water supply lakes. In these watersheds, the
priority pollutants differ according to land use. The urban area priority
pollutant is lead (Pb) because of its toxic nature; the rural area priority
pollutant is total phosphorus (TP) because this nutrient leads to degraded lake
quality and additional treatment needs. For watersheds containing a substan­
tial portion of the surface area in high-priority lakes (which total 97), the
priority pollutant is TP because it promotes eutrophication. For watersheds
with few or no high-priority lakes, the priority pollutant is total suspended
solids (TSS) because it generally serves as a measure of good versus bad water
quality. For watersheds draining to the combined sewer system in Minneapolis,
St. Paul and South St. Paul, the priority pollutant is chemical oxygen demand
(COD) because of the oxygen depletion problems caused by the effluent discharge
to the Mississippi River. Finally, each of the 97 watersheds with priority
lakes is evaluated for TP reduction needs; individual lakes are discussed along
with their corresponding secondary watersheds.

It should be noted that the data presented in this section for the watersheds
monitored during 1980 (Elm, Bevens, Bassett, Shingle, Cottage Grove, Credit,
Vermillion, Carver, and Purgatory) will differ from the previously reported
data. For example, Table 6 shows a TSS mean of 44 mg/l for Bevens Creek,
whereas this section shows a value of 131 mg/l (watershed number 2). The
reason for this discrepancy is that the monitored watershed did not include the
entire secondary watershed. In the case of Bevens Creek, the monitored water­
shed included everything upstream of County Hwy. 41, whereas the modeled por­
tion included the Metropolitan Area only down to the Minnesota River. The
effect of this is that the model picked up an erosive bluff area and dropped
out a low loading wetland area in the headwaters. Also, the data in Table 6

117



Table 21
METROPOLITAN AREA SECONDARY WATERSHEDS

Secondary Watershed

Bassett Creek

Bevens Creek

Bi g Mar ine-Carnel ian

Black Dog Lake (BLA)

Bl uff Creek

Brown's Creek

Cannon Ri ver

Carver Cree k

Chas ka Creek

Chub Cree k

Clark's Lake

Coon Cr ee k

Cott age Gro ve

Cottage Grove Ra vi ne

Credi t River

Crow River

El m Creek

Gun Club Lake (GUN)

Hazeltine-Bavaria Creek

Lower Minnesota River
( LMN)

Subwatershed*

Upper
Lower

Ma i nst em
Silver Creek

Mai nstem urban
Ma i nst em rur al
San d Cr eek

So ut h Fork
Ma i nst en
Sar ah Creek
Pioneer Creek
Wi nsted Lake

LML ~ LMN
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Percent Reduction
Needed for
Guideline**

43"10 TSS
22% COD

77% TSS
40% TSS

68% TP***

0'10 TSS

63% TSS

0'10 TSS

22% TSS

0"10 TSS

0'10 TSS

0'10 TSS

72% TSS

71% Pb
85% TP

0"10 TSS

0% TSS

23% TSS

12% TSS

010 TSS
58% TSS
84% TP
19% TSS
84% COD

7710 TP

010 TSS

4010 TSS

61% TSS



Table 21 (Contd.)
METROPOLITAN AREA SECONDARY WATERSHEDS

Secondary Watershed Subwatershed*

Percent Reduction
Needed for
Guideline**

Lower Mississippi River
(LMS)

Lower St. Croix River

Marine-on-the St. Croix

Middle Minnesota River
(MMN)

Middle Mississippi River
(MMS)

Minnehaha Creek

Ni ne Mil e Creek

Purgatory Creek

Ramsey-Washington Metro

Rice Creek

Riley Creek

Robert's Creek

Rum River

Sand Creek
(Scott County)

Shakopee (8-136)

Shingle Creek

Major (0-91)
South (0-96)

Basswood Grove
Afton

GRA (Grass Lake)
UMN-4

North
Middle
Southeast

Upper
Lower

North
South

Upper
Lower

Cedar Brook
Ford Brook
Lower Rum urban
Lower Rum rural
Seelye Brook

Upper
Lower

119

9% TSS
44% TSS

73% TSS
70% TSS

6% TSS

0% TSS
0% TSS

29% COD
40% COD

6% COD

69% TP
46% TSS

43% TSS

0% TSS

66% TSS
0% TSS***

69% TP
0% TP***

94% TP

0% TSS

9% TSS
23% TSS
70% Pb
91% TP
72% TSS

0% TSS

64% TSS

0% TSS
45% COD



Secondary Watershed

Spring-Prior Lake

Table 21 (Contd.)
METROPOLITAN AREA SECONDARY WATERSHEDS

Subwater shed*

Spring Lake
Pri or Lake

Percent Reducti on
Needed for
Guide line**

97% TP
89'10 TP

St. Pau l-R amsey

Sunrise River

Upper Minnesota River
(UMN)

Upper Mississippi River
(UMS)

Valley Branch and
Mid d1eSt. Cro i x(2)

Ve rmill ion River

North
South

South Branch
West Branch

Minn 8-126
Belle Plaine

Anoka (Rum 7)
Coon Rapi ds
UMS 1-2
Osseo

Stillwater

North Branch
Mainstem
Har dwood Creek (0- 97)

0% TP***
62% TSS

80% TSS
79% TSS

61% TSS
78% TSS

50'10 Pb
89'10 TP
30% Pb
64°10 Pb

36% TSS

71 % TSS
53% TSS
79'10 TSS

* Listed only if subwatershed used in subsequent analysis.
** Does not incl ude priority 1akes I recanmendati ons.

*** See t ext for speci al exp lana tion.
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are for 1980, a somewhat drier year than normal. The data in this section are
modeled for the median year and would, therefore, be higher than 1980. Also
note that a total of 14 secondary watersheds have been identified as "critical'l
because they severely violate the recommended water quality gUidelines appear­
ing in an earlier section and/or they contain a substantial number of the 97
high-priority lakes. These critical watersheds will be identified as they are
discussed individually. Finally, all of the results of the water quality work
in this phase of the 208 program are based upon data obtained under limited
conditions, that is, on 17 sites over one calendar year. The monitoring
results obtained are believed to be extremely good because 15 to 30 snowmelt
and rainfall runoff events were monitored at each site, but caution should be
used not to overestimate the validity of the data.

Table 22 individually tabulates the management practice recommendations for the
44 secondary watersheds. Appendix F gives the narrative watershed analyses and
locates the watershed within the Region. Table 22 steps through the management
needs and lists the resultant priority pollutant load reduction and flow­
weighted mean concentration. Note that incremental steps are taken for each
watershed and that each management practice recommended has an associated cost
and load reduction. In most cases, practices are recommended until the
guideline for the priority pollutant is reached. Table 23 is a summary of the
practices recommended in Table 22. The management practices costs total about
$40 million, with about $10 million annual for operation and maintenance; these
costs do not include planning, administrative and financing costs (for these
costs see Metropolitan Council Surface Water Management Guide chapter). The
$40 million would pay for MPs that would theoretically lead to all watersheds
meeting water quality recommendations.

MANAGEMENT RECOMMENDATIONS

The technical findings of the nonpoint source study lead to several management
recommendations that can be made to reduce the impact of stormwater runoff.
The recommendations are:

1. Agricultural areas should focus management efforts on snowmelt and spring
rainfall runoff because of the high loading that occurs prior to vegetative
cover establishment.

2. Urban areas should focus on control of the numerous small events (less than
half inch) because everyone of these events contributes a substantial load.

3. Runoff from construction areas should be treated in such a manner that
sediment and associated pollutants are not allowed to migrate off-site.

4. All management scenarios should be proposed on a watershed basis and
implemented with low-cost, minimum or nonstructural management practices.

5. Natural drainage systems, including wetlands, should be retained to the
maximum extent possible and used for water storage and transmission.

6. Heavily sediment- and pollutant-laden stormwater should be presettled prior
to discharge to any receiving water or wetland area; this applies
especially to construction and disturbed areas.
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Table 22
SECONDARY WATERSHED MANAGEMENT PRACTICE RECOMMENDATIONS

Flow-Weighterl
Total Load Mean
Cost Priority Reduction Concentration

Watershed Subwatershed Practice and Unit Cost (x $1,000) Pollutant _U.!~~)_ _(mg/l)_

Bassett Creek Upper Bassett - 356 acre-feet of detention at $250 per acre- 89.0 TSS 58,000 41.5
foot.

- Additional 356 acre-feet of detention focusing 178.0 TSS 58,000 30.0
on commercial/industrial and residential areas
at $500 per acre-foot.

Medicine Lake* - Information and education program for owners 2.0 TP 52 0.28
directly tributary to lake for $2,000 per year.

- Intensive housekeeping: 1,160 curb miles** of 126.0 TP 475 0.19
street sweeping at $100 per curb mile; leaf/
litter removal program at $10,000 per year.

- 588 acre-feet of detention focusing on dis- 294.0 TP 525 0.10
charge to wetlands at $500 per acre-foot.

Lower Bassett - Intensive housekeeping: 1,500 curb miles of 262.5 COD 100,000 57.00
street sweeping at $150 per curb mile; clean
2,500 basins per year at $15 per basin.

- Repeat of above on additional curb miles to 262.5 COD 100,000 50.00
achieve further reduction.

....... Bevens Creek Mainstem - 2,345 acres of cropland conservation practices 23.5 TSS 440,000 80.00
N on acreage needing treatment at $10 per acre.N

- 255 additional acres of cropland conservation 2.6 TSS 48,500 75.00
at $10 per acre.

- 13,800 feet of streambank protection (both sides) 138.0 TSS 113,500 62.00
on worst erosion area at $10 per foot of channel.

- 3,000 acres of noncropland critical area treat- 225.0 TSS 275,000 30.00
ment at $75 per acre.

Silver Creek - 470 acres of cropland conservation practices 4.7 TSS 410,000 40.00
on acreage needing treatment at $10 per acre.

- 470 additional acres of cropland conservation 4.7 TSS 410,000 30.00
at $10 per acre.

Big Marine - Big Marine Lake* - 400 acres cropland conservation practices on 4.0 TP 526 0.23
Carnelian acreage needing treatment at $10 per acre.

- 400 additional acres cropland. conservation at 4.0 TP 526 0.10
$10 per acre.

Big Carnelian Lake* - 480 acres cropland conservation practices on 4.8 TP 520 0.22
acreage needing treatment at $10 per acre.

- 240 additional acres cropland conservation at 2.4 TP 256 0.15
$10 per acre.

- Wetland diversion of runoff. 5.0 TP 170 0.10



Table 22 (Contd.)
SECONDARY WATERSHED MANAGEMENT PRACTICE RECOMMENDATIONS

Flow-Weighted
Total Load Mean
Cost Priority Reduction Concentration

Watershed Subwatershed Practice and Unit Cost (x $1,000) Po llutant _L~)_ _Jmg/l)_

Mainstem - 3,264 acres cropland conservation practices on 32.6 TP 3,920 0.21
acreage needing treatment at $10 per acre.

- 1,088 additional acres cropland conservation 10.9 TP 1,306 0.18
at $10 per acre.

- 1,075 acres noncropland critical area treat- 80.6 TP 1,600 0.10
ment at $75 per acre.

Black Dog Lake - Guideline met for TSS; no further management
practices recommended.

Bluff Creek Mainstem - 1,000 acres of cropland conservation practices 20.0 TSS 140,000 55.00
on acreage needing treatment at $20 per acre.

- 137 additional acres of cropland conservation 2.7 TSS 19,000 52.00
at $20 per acre.

- 915 feet of channel erosion stabilization on 54.9 TSS 120,000 30.00
worst erosion area at $60 per foot (one side).

Brown's Creek - Guideline met for TSS; no further management
practices recommended.

~ Cannon River Mainstem - 4,395 acres of cropland conservation practices 44.0 TSS 494,700 30.00
N on acreage ,needing treatment at $10 per acre.w

Carver Creek Mainstem - Guideline met for TSS; no further management
practices recommended.

Burandt, Hydes, - 3,370 acres of cropland conservation practices 33.7 TP 6,960 0.52
Miller, Reitz, on acreage needing treatment at $10 per acre.
Waconia* - 1,760 acres of noncropland critical area treat- 132.0 TP 7,900 0.20

ment at $75 per acre.

Chaska Creek - Guideline met for TSS; no further management
practices recommended.

Chub Creek - Guideline met for TSS; no further management
practices recommended.

Clarks Lake Mainstem - 1,337 acres of cropland conservation practices 20.0 TSS 400,000 49.00
on acreage needing treatment at $15 per acre.
160 feet of channel erosion stabilization in 9.6 TSS 400,000 30.00
worst erosion area at $60 per foot.

* One of 97 priority lakes.
** Indicates miles per year; e.g., 145 actual curb miles swept eight times per year equals 1,160 curb miles.

*** All management practices in watershed focused on priority lake cleanup.
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Flow-Weighted
Total Load Mean
Cost Priority Reduction Concentration

Watershed Subwatershed Practice and Unit Cost (x $1,000) Pollutant _ U~.?)_ _(mg/l)_

Coon Creek Mainstem (urban) - 784 acre-feet of detention in urban area at 39.2 Pb 310 0.11
$50 per acre-foot.

- Intensive housekeeping in roon Rapids and 58.0 Pb 310 0.05
Blaine; 2,400 curb miles street sweeping at
$20 per curb mile; $10,000 for leaf/litter
program.

Mainstem (rural) - 1,211 acres of cropland conservation practices 12.1 TP 3,426 0.50
needing treatment at $10 per acre.

- 2,006 acres of noncropland critical area 150.5 TP 2,564 0.38
treatment at $75 per acre.

- 3,274 additional acres of noncropland critical 245.6 TP 4,313 0.15
area treatment at $75 per acre.

- Information and education program on phosphorus 10.0 TP 1,675 0.10
fertilizer use/overuse.

Crooked, Ham, - 682 acres of cropland conservation practices 6.8 TP 195 0.39
Netta Lakes* on acreage needing treatment at $10 per acre.

- Additional 682 acres of cropland conservation. 6.8 TP 195 0.10

Sand Creek - Guideline met for TSS and TP; no further manage-
J-l ment practices recommended.
N
+:> Cottage Grove Mainstem - Guideline met for TSS; no further management

practices recommended.

Cottage Grove Mainstem - 4,400 acres of cropland conservation practices 88.0 TSS 570,000 30.00
Ravine on acreage needing treatment at $20 per acre.

Credit River Mainstem - 3,655 acres of cropland conservation practices 58.5 TSS 192,000 30.00
on acreage needing treatment at $20 per acre.

Orchard Lake* - 596 acres around lake managed for stormwater; 5.7 TP 450 0.28
wetland discharge.

- 23 acres of cropland conservation practices on 0.2 TP 130 0.22
acreage needing treatment at $10 per acre.

- 225 acre-feet of detention at $100 per 22.5 TP 320 0.10
acre-foot.

Crow River Mainstem - 2,056 acres of cropland conservation practices 20.6 TSS 390,000 50.00
on acreage needing treatment at $10 per acre.

- 2,056 additional acres of cropland conserva- 20.6 TSS 390,000 30.00
tion at $10 per acre.

Lake Rebecca* - Guideline met for TP; no further management
practices recommended.
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Sarah Creek *** - 136 acres of cropland conservation practices 2.0 TP 1,535 0.35
on acreage needing treatment at $15 per acre.

- 24 additional acres of cropland conservation 0.4 TP 270 0.30
at $15 per acre.

- 931 acres noncropland critical area treatment 69.8 TP 1,200 0.10
at $75 per acre.

Pioneer Creek - 1,420 acres of cropland conservation practices 21.3 TSS 230,000 30.00
on acreage needing treatment at $15 per acre.

Independence and - 169 acres of cropland conservation practices 2.5 TP 1,050 0.35
Whaletail Lakes* on acreage needing treatment at $15 per acre.

- 113 acres of cropland conservation at $15 per 1.1 TP 680 0.19
acre.

- 149 acres noncropland critical area treatment 11.2 TP 375 0.10
at $75 per acre.

Little Long Lake* - Guideline met for TP; no further management
practices recommended.

Lower South Fork - Guideline met for TSS; no further management
t--' practices recommended.
N
<.n

~Jinsted Lake - 1,540 acres of cropland conservation practices 15.4 COD 66,225 65.00
on acreage needing treatment at $10 per acre.

- Fencing and watering system at animal access 10.5 COD 66,225 50.00
points.

Elm Creek Mainstem - 5,980 acres of cropland conservation practices 59.8 TP 12,425 0.26
on acreage needing treatment at $10 per acre.

- 4,390 additional acres cropland conservation 43.9 TP 9,050 0.14
at $10 per acre.

- 4,872 acres intensive management on worst 146.2 TP 3,375 0.10
cropland n~eding treatment at $30 per acre.

Fish Lake* - Information and education program for home- 5.0 TP 80 0.97
owners around lake.

- 162 acre-feet of detention at $50 per acre-foot. 8.1 TP 270 0.59
- 80 curb miles of street sweeping at $100 per 8.0 TP 350 0.10

curb mile.

* One of 97 priority lakes.
** Indicates miles per year; e.g., 145 actual curb miles swept eight times per year equals 1,160 curb miles.

*** All management practices in watershed focused on priority lake cleanup.
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Weaver Lake* - 48 acres of cropland conservation practices 0.5 TP 70 0.25

on acreage needing treatment at $10 per acre.
- 40 additional acres of cropland conservation 0.4 TP 57 0.12

at $10 per acre.
- Information and education program for home- 1.0 TP 18 0.10

owners around lake.

Gun Club Lake - Guideline met for TSS; no further management
practices recommended.

Hazeltine- °Mainstem - 2,112 acres of cropland conservation practices 21.1 TSS 193,500 54.00
Bavaria Creek on acreage needing treatment at $10 per acre.

- 900 acre-feet of lowland and wetland detention 225.0 TSS 210,000 30.00
at $250 per acre-foot.

Bavaria Lake* - 126 acres of cropland conservation practices 1.3 TP 210 0.33
on acreage needing treatment at $10 per acre.

- 84 acres of cropland conservation practices 0.8 TP 140 0.18
on acreage needing treatment at $10 per acre.

- 35 acres noncropland critical area treatment 2.6 TP 74 0.10
I-' at $75 per acre.
N
m Lower Mainstem - 1,920 feet of channel erosion control along 192.0 TSS 442,000 53.00

Minnesota Minnesota River bluff focusing on worst areas
River at $100 per foot.

- 240 acre-feet of detention associated with 746.0 TSS 116,700 47.00
1-494 strip and new stadium development at
$3,000 per acre-foot plus 520 curb miles
street sweeping along 494 and commercial strip.

- 2,100 curb miles of residential street sweeping 235.0 TSS 265,500 32.50
at $100 per curb mile plus $25,000 leaf/litter
program.

- 200 additional feet of bluff erosion control. 20.0 TSS 46,000 30.00

Lower Mainstem - 600 curb miles of street sweeping in urbanized 93.0 TSS 222,000 30.00
Mississippi portion of watershed at $150 per curb mile plus
River 200 catch basins cleaned at $15 per catch basin.

South Portion - 1,382 acres of cropland conservation practices 34.6 TSS 107,300 42.00
on acreage needing treatment at $25 per acre.

- 1,382 additional acres cropland conservation 34.6 TSS 107,300 30.00
at $25 per acre.

Lower Basswood Grove - 4,080 acres of cropland conservation practices 102.0 TSS 601,000 74.00
St. Croix on acreage needing treatment at $25 per acre.
River - 720 additional acres cropland conservation 18.0 TSS 106,000 67.00

at $25 per acre.
- 675 feet of channel stabilization in worst 40.5 TSS 545,000 30.00

erosion areas along bluff at $60 per foot.
.,.~""'~. /~'"'
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Flow-Weighted
Total Load Mean
Cost Priority Reduction Concentration

Practice and Unit Cost (x $1,000) Pollutant _ (llil_ _(mg/l)_

- 2,260 acres of cropland conservation practices 56.5 TSS 682,500 66.00
on acreage needing treatment at $25 per acre.

- 272 feet of channel stabilization in worst 16.3 TSS 682,000 30.00
erosion areas along bluff at $60 per foot.

- 884 acres of cropland conservation practices 8.8 TSS 88,500 30.00
on acreage needing treatment at $10 per acre.

- Guideline met for TP; no further management
practices recommended.

- Guideline met for all pollutants; no further
management practices recommended.

- Guideline met for all pollutants; no further
management practices recommended.

~ 1,050 curb miles street sweeping in Minneapolis 318.8 COD 236,000 50.00
at $300 per curb mile plus clean 225 catch
basins at $16.80 per basin.

- 300 curb miles street sweeping in Minneapolis 91.4 COD 98,000 62.00

at $300 per curb mile plus clean 100 catch
basins at $16.80 per basin.

- 420 acre-feet of detention in residential area; 2100.0 COD 107,500 50.00
type of detention focus on infiltration (i.e.,
trench, swale) at $5,000 per acre-foot.

- 30 curb miles street sweeping in Minneapolis 9.4 COD 4,250 50.00
at $300 per curb mile plus clean 25 basins at
$6.80 per basin.

See Valley Branch.

- 19.2 square miles cropland conservation prac- 245.8 TP 6,730 0.21
tices on acreage needing treatment at $20 per
acre.

- 6.37 additional square miles cropland treatment. 81.5 TP 2,240 0.17
- 4,570 acre-feet of lowland and wetland 1142.5 TP 4,500 0.10

detention at $250 per acre-foot.

* One of 97 priority lakes.
** Indicates miles per year; e.g., 145 actual curb miles swept eight times per year equals 1,160 curb miles.

*** All management practices in watershed focused on priority lake cleanup.
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Lower - 1,800 curb miles of street sweeping priority 405.0 TSS 665,000 43.00
in residential area at $200 per curb mile
plus clean 3,000 catch basins at $15 per basin.

- 900 additional curb miles and 1,500 additional 202.5 TSS 332,500 36.00
catch basins.

- 1,930 acre-feet of detention focusing on infil- 5790.0 TSS 332,500 30.00
tration type at $3,000 per acre-foot.

Minneapolis - 2,640 curb miles of lakes priority street 873.4 TP 3,570 0.28
Chain* sweeping at $300 per curb mile plus clean

5,000 priority catch basins at $16.80 per basin.
- 1,320 acre-feet of detention focusing on infil- 3969.0 TP 2,320 0.10

tration type at $3,000 per acre-foot.

Nokomi s* - 1,560 curb miles of lake priority street 516.8 TP 350 0.28
sweeping at $300 per curb mile plus clean
3,000 priority catch basins at $16.80 per basin.

- 128 acre-feet of detention focusing on infil- 384.0 TP 225 0.10
tration type at $3,000 per acre-foot.

....... Nine Mile Mainstem - 2,654 acre-feet of detention and/or retrofit 663.5 TSS 433,000 41.00
N Creek on existing storage at $250 per acre-foot.
(X)

- 800 curb miles of street sweeping with priority 100.0 TSS 435,000 30.00
catch basin attention at $100 per curb mile
plus $10,000 for basins and $10,000 for leaf/
litter program.

Bryant Lake* - 336 acre-feet of detention at $250 per 84.0 TP 725 0.40
acre-foot.

- 336 additional acre-feet of detention at 84.0 TP 725 0.10
$250 per acre-foot.

Glen Lake* - Information and education program for lake- 1.0 TP 180 0.35
shore homeowners.

- 43 acre-feet of detention at $250 per 15.0 TP 130 0.10
acre-foot.

Bush Lake* - Information and education program for lake- 1.0 TP 310 1.04
shore homeowners.

- 60 acre-feet of detention at $250 per 10.8 TP 280 0.10
acre-foot.

Purgatory Mainstem - Guidelines for all pollutants met; no further
Creek management practices recommended.

Lotus Lake* - 270 acre-feet of detention focusing on 67.5 TP 200 0.10
lowlands and wetlands at $250 per acre-foot.
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Flow-Weighted
Total Load Mean
Cost Prior ity Reduction Concentration

Watershed Subwatershed Practice and Unit Cost (x $1,000) Pollutant -(~)- _(mg/l)_

Staring Lake* - 1,300 acre-feet of detention in developed/ 480.0 TP 960 0.10
developing portion of watershed at $500 per
acre-foot.

Mitchell Lake* - 512 acres of critical area treatment in 5.1 TP 122 0.10
agricultural/vacant area of watershed at
$10 per acre.

Ramsey- North Portion - 600 curb miles of street sweeping at $150 91.5 TSS 338,600 66.00
Washington per curb mile plus clean 100 catch basins at
Metro $15 per basin.

- 410 acre-feet of detention retrofit in exist- 205.0 TSS 110,000 59.00
ing storate area and in lowland/wetland
areas at 500 per acre-foot.

- 1,662 additional acre-feet of detention in 1662.0 TSS 450,000 30.00
urbanized portion of watershed focusing on
infiltration type at $1,000 per acre-foot.

Phalen and - 600 curb miles of priority street sweeping 95.8 TP 1,495 0.59
Gervais Lakes* at $150 per curb mile plus clean 50 catch

,....., basins at $15 each plus institute informa-
N tion and education program for lakeshore
<..D homeowners.

- 344 acre-feet of detention at $1,000 per 344.0 TP 1,240 0.10
acre-foot.

South Portion - Full attention in this portion should go for
remedial action on Battle Creek as proposed
by watershed district; attention on Fish
Creek should follow after Battle Creek.

Rice Creek Upper Mainstem*** - 800 curb miles of street sweeping at $20 per 66.0 TP 6,640 0.28
curb mile plus intensive housekeeping and
information program for communities around
lakes (Birchwood, Centerville, Dellwood,
Mahtomedi, White Bear Lake and Willernie).

- 6,080 acres of cropland conservation practices 60.8 TP 8,830 0.24
on acreage needing treatment at $10 per acre.

- 4,270 acre-feet of slow-release detention 213.5 TP 4,500 0.21
in numerous lowlands/wetlands of watershed,
perhaps retrofit in existing storage.

- 8,800 acres noncropland critical area treat- 660.0 TP 20,600 0.22
ment at $75 per acre.

* One of 97 priority lakes.
** Indicates miles per year; e.g., 145 actual curb miles swept eight times per year equals 1,160 curb miles.

*** All management practices in watershed focused on priority lake cleanup.
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Lower Mainstem - This watershed subject of $2 million Clean
Lakes (Section 314) study for priority Long,
Johanna and Josephine Lakes; therefore, no
additional recommendations for management.

Turtle Lake* - Information and education program for lake- 5.0 TP 41 0.57
shore owners.

- 360 curb miles of priority street sweeping 44.1 TP 132 0.36
at $70 per curb mile.

- 89 acre-feet of detention at $250 per acre- 22.2 TP 173 0.10
foot.

Riley Creek Mainstem*** - 1,115 acres cropland conservation practices on 16.7 TP 3,815 0.80
acreage needing treatment at $15 per acre.

- 193 acre-feet of detention at $850 per acre- 164.0 TP 565 0.50
foot.

- 343 acres noncropland critical area treat- 25.7 TP 1,300 0.10
ment at $75 per acre.

Robert's Creek Mainstem - Guideline for TSS met; no further management
....... practices recommended •
w
0 Rum River Cedar Creek - 560 acres cropland conservation practices on 5.6 TSS 124,000 30.00

acreage needing treatment at $10 per acre.

Ford Brook - 2,880 acres oropland conservation practices on 28.8 TSS 130,000 30.00
acreage needing treatment at $10 per acre.

East Twin Lake* - 38 acres cropland conservation practices on 0.4 TP 50 0.54
acreage needing treatment at $10 per acre.

- 24 acres noncropland critical area treatment 1.8 TP 66 0.10
at $75 per acre.

Lower Rum (urban) - 400 curb miles of street sweeping in City 18.0 Pb 350 0.11
of Anoka at $20 per curb mile plus $10,000
for leaf/litter and maintenance plan.

- 373 acre-feet of detention at $100 per 37.3 Pb 146 0.05
acre-foot.

Lower Rum (rural) - 948 acres cropland conservation practices on 9.5 TP 6,730 0.53
acreage needing treatment at $10 per acre.

- 1,568 acres noncropland critical area 117.6 TP 3,022 0.28
treatment at $75 per acre.

- 1,229 acre-feet of rural area wetland/ 30.7 TP 2,080 0.10
lowland detention at $25 per acre-foot.

Lake George* - Subject of 1982 Clean Lakes study; recom-
mendations will be made after study.
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Flow-Weighted
Total Load Mean
Cost Priority Reduction Concentration

Subwatershed Practice and Unit Cost (x $1,000) Pollutant _UQ~)_ _(mg/l)_

Seelye Brook - 300 acres cropland conservation practices 3.0 TSS 303,530 30.00
on acreage needing treatment at $10 per acre.

North Portion*** - Information and education program for home- 5.0 TP 445 0.31
owners tributary to high priority water
supp ly 1akes.

- 1,575 acre-feet of detention in lowlands/ 788.0 TP 1,650 0.22
wetlands of developing area at $500 per
acre-foot.

- 1,062 acre-feet of detention in rural part of 265.5 TP 1,112 0.16
watershed at $250 per acre-foot.

- 936 additi0nal acre-feet of urban area deten- 468.0 TP 980 0.10
tion at $500 per acre-foot.

South Portion - 3,900 curb miles of street swe~ping at $200 790.0 TSS 1,760,000 39.00
per curb mile plus clean 650 catch basins at
$15 per basin.

- 1,625 acre-feet of urban area detention focus- 4875.0 TSS 400,000 30.00
ing on infiltration-type MPs at $3,000
per acre-foot.

Mainstem - Guideline for TSS met; no further management
practices recommended.

Cedar Lake* - 263 acres cropland conservation practices on 2.6 TP 130 0.10
acreage needing treatment at $10 per acre.

McMahon Lake* - 55 acres cropland conservation practices on 0.6 TP 32 0.10
acreage needing treatment at $10 per acre.

Mainstem - 5,864 acres cropland conservation practices 88.0 TSS 769,000 58.00
on acreage needing treatment at $15 per acre.

- 773 acre-feet of detention at $100 per acre- 93.7 TSS 256,500 50.00
foot plus $10,000 each for Shakopee and
Savage to institute program for intensive
housekeeping in developed area.

- 1,680 acres noncropland critical area treat- 126.0 TSS 615,000 30.00
ment at $75 per acre.

O'Dowd and - 350 acres cropland conservation practices on 3.5 TP 500 0.45
Thole Lakes* acreage needing treatment at $10 per acre.

- 86 acres noncropland critical area treatment 6.4 TP 345 0.10
at $75 per acre.

* One of 97 priority lakes.
** Indicates miles per year; e.g., 145 actual curb miles swept eight times per year equals,1,160 curb miles.

*** All management practices in watershed focused on priority lake cleanup.
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Shingle Creek Upper Mainstem - Guideline for TSS met; no further management
practices recommended.

\

Eagle Lake* - 204 acre-feet of detention at $250 per 51.0 TP 226 0.10
acre-foot.

Bass Lake* - 332 acre-feet of detention at $250 per 83.0 TP 368 0.10
acre-foot.

Lower Mainstem - 2,700 curb miles of street sweeping at $150 472.5 COD 244,000 71.00
per curb mile plus clean 4,500 catch basins
at $15 per basin.

- 862 acre-feet of detention possibly retrofit 862.0 COD 244,000 50.00
into eXisting storage.

Twin Lakes* - Information and education program for 5.0 TP 96 0.16
lakeshore homeowners.

- 360 curb miles of priority street sweeping at 72.0 TP 307 0.10
$200 per curb mile.

...... Spring-Prior Spring Lake*** - 5,900 acres cropland conservation practices 442.5 TP 3,900 0.89
w Lakes on acreage needing treatment at $75 per acre.
N - Information and education program for lake- 1.0 TP 285 0.78

shore homeowners.
Change outlet discharge from holding pond to 5.0 TP 445 0.61
enhance water quality.

- No further management practices recommended
until after 1982 Clean Lake study.

Prior Lake*** - 112 curb miles of priority street sweeping at 58.7 TP 1,300 0.52
$100 per curb mile plus clean 1,100 catch
basins at $25 per basin plus leaf/litter
program at $20,000.

- Information and education program for lake- 5.0 TP 216 0.45
shore homeowners.

- 375 acre-feet of detention possibly retrofit 93.8 TP 1,085 0.10
on existing watershed storage at $250 per
acre-foot.

Sunrise River South Branch - 5,024 acres cropland conservation practices 50.2 TSS 882,300 98.00
on acreage needing treatment at $10 per acre.

- 2,158 acres noncropland critical area treat- 161.8 TSS 846,500 49.00
ment at $75 per acre.

- 4,060 acre-feet of detention in lowlands/ 406.0 TSS 1,000,000 30.00
wetlands at $100 per acre-foot •

._--------------_ ..__.- -
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Forest Lake* - 800 curb miles of residential street sweeping
and 470 curb miles of commercial industrial 25.5 TP 600 0.71
sweeping.

- 245 acres cropland conservation practices on 2.5 TP 940 0.53
acreage needing treatment at $10 per acre.

- 195 acre-feet of detention at $25 per acre- 4.9 TP 600 0.10
foot.

Coon Lake* - Information and education program for home- 6.0 TP 165 0.89
owners and development of a housekeeping
program.

- 153 acre-feet of detention in wetlands at 15.3 TP 470 0.55
$100 per acre-foot.

- 206 additional acre-feet of wetland detention. 20.6 TP 635 0.10

Bone Lake* - 466 acres cropland conservation practices on 4.7 TP 475 0.63
acreage needing treatment at $10 per acre.

- 466 acre-feet of detention in lowlands/ 46.6 TP 922 0.10
wetlands at $100 per acre-foot.

West Branch - 1,160 acres cropland conservation practices on 11.6 TSS 256,300 30.00
I-' acreage needing treatment at $10 per acre.
w
w Island, Linwood - 213 acres cropland conservation practices on 2.1 TP 612 0.74

and Martin Lakes* acreage needing treatment at $10 per acre.
- 490 acres noncropland critical area treatment 36.8 TP 1,090 0.10

at $75 per acre.

Upper MN 8-126 - 725 acres cropland conservation practices on 10.7 TSS 212,000 30.00
Minnesota River acreage needing treatment at $15 per acre.

Belle Plaine - 1,810 acres cropland conservation practices on 18.1 TSS 186,440 73.00
acreage needing treatment at $10 per acre.

- 215 feet of channel stabilization on worst 12.9 TSS 93,600 30.00
erosion area at $60 per foot.

Upper Anoka Rum 7 - Use same plan for City of Anoka as recommended Pb 154 0.05
Mississippi previously.
River

Coon Rapids - 300 curb miles of priority street sweeping 50.0 TP 1,420 0.63
at $100 per curb mile plus $20,000 for catch
basins and leaf/litter program.

- 210 acre-feet of detention at $250 per 52.5 TP 600 0.51
acre-foot.

- 705 acre-feet of additional storage in urbani 352.5 TP 2,020 0.10
urbaniZing area at $500 per acre-foot.
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- 1,068 acre-feet of detention at $250 per 267.0 Pb 172 0.05
acre-foot.

- 776 curb miles of street sweeping at $100 per 99.1 Pb 1,295 0.07
curb mile plus $20,000 for priority catch
basins and leaf/litter program.

- 725 acre-feet of detention at $250 per 181.2 Pb 220 0.05
acre-foot.

- 4,715 acres cropland conservation practices on 47.2 TSS 1,338,000 35.00
acreage needing treatment at $10 per acre.

- 864 acre-feet of detention in upper water- 31.6 TSS 500,000 30.00
shed lowlands and wetlands at $25 per acre-
foot plus $10,000 to institute housekeeping
program along St. Croix.

- 76 acres cropland conservation practices on 0.8 TP 330 0.47
acreage needing treatment at $10 per acre.

- 144 acre-feet of detention at $100 per 14.4 TP 360 0.10
acre-foot.

- 52 acres cropland conservation practices on 0.5 TP 210 0.45
acreage needing treatment at $10 per acre.

- 92 acre-feet of detention at $100 per 9.2 TP 230 0.10
acre-foot.

- 5,978 acres, cropland conservation practices on 59.8 TSS 810,000 76.00
acreage needing treatment at $10 per acre.

- 547 acre-feet of urban area detention in 54.7 TSS 175,000 70.00
lowland areas at $100 per acre-foot.

- 3,013 acres noncropland critical area treatment 226.0 TSS 1,215,000 30.00
at $75 per acre.

- 17,820 acres cropland conservation practices on 178.2 TSS 2,854,000 45.00
acreage needing treatment at $10 per acre.

- 7,094 acres noncropland critical area treat- 532.0 TSS 2,320,000 30.00
ment at $75 per acre.

- 328 acres cropland conservation practices 3.3 TP 2,450 0.49
on acreage needing treatment at $10 per acre.

- 230 acres noncropland critical area treat- 17 .2 TP 715 0.10
ment at $75 per acre.

* One of 97 priority lakes.
** Indicates miles per year; e.g., 145 actual curb miles swept eight times per year equals 1,160 curb miles.

*** All management practices in watershed focused on priority lake cleanup.



Table 22 (Contd.)
SECONDARY WATERSHED MANAGEMENT PRACTICE RECOMMENDATIONS

Watershed Subwatershed

Crystal Lake*

Hardwood Creek

Practice and Unit Cost

- Information and education program for
homeowners.

- 115 acre-feet of detention at $50 per
acre-foot.

- 5,248 acres cropland conservation practices on
acreage needing treatment at $10 per acre.

- Continued efforts to mitigate impact of Etter
erosion problem; no additional management
practices beyond current effort.

Flow-Weighted
Total Load Mean
Cost Priority Reduction Concentration

(x $1,000) Pollutant _ UQ~)_ _(mg/l)_

1.0 TP 360 0.75

5.8 TP 425 0.10

52.5 TSS 1,462,500 82.00



Table 23
SUMMARY BY MANAGEMENT PRACTICE FAMILY (WITH COSTS)

Category

Rural
\'!atershed

Family

Conservation
treatment
rov.Jcrops

Application
Amount Cost Range Total Cost

111,962 acres $10-25/acre $1,495,800

Noncrop treatment 31,943 acres

Nonstructural 9,153 acre-
detention feet

Intensive house- 4 urban areas
keeping

Channel stabiliza- 16,037 feet
tion

$75/acre

$50-250/
acre-foot

$10,000­
56,000 each

$10-60/foot

2,396,000

919,100

94,000

272,200

Rural Lakes Conservation
treatment
rowcrops

17,228 acres $10-15/acre 188,700

Noncrop treatment 11,571 acres

Nonstructural 6,221 acre-
detention feet

Intensive house- 5 urban areas
keeping

Stormwater 569 acres
management

Information and 3 lakes
Education

(Lakeshore owners)

$75/acre

$20-850/
acre-foot

$10,000­
66,000 each

$10/acre

$1,000­
$5,000

867,800

518,400

90,500

5,700

7,000

Urban
Watershed

Detention/storage 13,031 acre­
feet

$250-5,000/ 17,997,800
acre-foot

Intensive house­
keeping

- Street sweeping 20,001 curb
miles

- Catch basin 18,177
cleaning catch basins

- Leaf/litter 3 cities
program

Channel stabiliza- 2,122 feet
tion

136

$50-299/
curb mile

$15-17/
basin

$10,000­
35,000 each

$100/foot

3,192,600

271,500

65,000

212,200



Table 23 (Contd.)
SUMMARY BY MANAGEMENT PRACTICE FAMILY (WITH COSTS)

Application
Category Family Amount

Urban Lakes Detention/storage 14,068 acre­
feet

Cost Range Total Cost

$250-3,000/ 8,645,400
acre-foot

Intensive house­
keeping

- Street sweeping

- Catch basin
cleaning

- Leaf/litter
program

7,062 curb $70-299/ 1,589,100
miles curb mile

9,150 $17-25/basin 162,700
catch basin

2 1akes $10,000- 30,000
20,000 each

Information and
Education

(Lakeshore owners) 8 lakes

Total Initial Costs

Annual Operation
and Maintenance
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$1,000-5,000 29,000

$39,382,300

$10,051,800



7. Hatersheds differ so markedly in character that a specific program should
be designed to manage each watershed. "Across-the-board" application of
management practices will not achieve water quality goals, nor will it
allow local managers the flexibility to address problems in the most cost­
effective manner.

8. Vlatershed management should be designed to address the primary problem of
the drainage basin; that is, lake watersheds should address phosphorus
reduction, water supply watersheds should address toxic pollutants,
combined sewer watersheds should address dissolved oxygen depletion, etc.

9. Because of limited financial capacity evident in today's economy,
priorities should be placed on watershed clean-up, beginning with those
experiencing the worst receiving water impacts; within these watersheds,
"cr itical areas" causing the worst problems should be defined and addressed
first.

10. In heavily urbanized areas where management practice options are likely
minimized, attention should be placed on keeping impervious surfaces clean,
with priority cleaning given to areas directly tributary to lakes.

11. Conjunctive uses for management practice approaches should be stressed so
that multiple benefits can be shown.

12. Traditional management practices oriented toward removal of coarse-grained
particulates should be supplemented with equal attention to soluble and
fines-associated pollutants.

13. Comprehensive stormwater management should be undertaken by every secondary
watershed, with local community plans then developed within the watershed
frame\'JOrk.

14. A well-planned information and education program is a nonquantifiable
management practice that should be initiated as an integral part of any
management program.
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VII. CONCLUSIONS AND RECOMMENDATIONS

The following conclusions can be drawn relative to the nonpoint source runoff
problem in the Metropolitan Area.

1. Nonpoint source pollution is a widespread and serious problem in the ~-0n.

2. Concentration levels for many pollutants in nonpoint runoff can reach many
times the level recommended for good quality water.

3. It appears that detectable levels of pesticides are moving with runoff,
particularly when such events occur shortly after pesticide application.

4. Rural area loading, and subsequent elevated pollutant concentrations, are
highest during the snowmelt and spring periods when vegetative cover is
low, the ground is frozen, and wetlands are dormant.

5. Urban area loading and high concentrations occur continuously, responding
to essentially every snowmelt and rainfall event.

6. Rural and urban area loading is more a function of water loading than of
concentration; that is, flow determines load more than concentration level.

7. Wetland and surface water area in a watershed playa very important role in
reducing pollution, with urban area wetlands seemingly more important than
rural because of the nature of loading (discussed in conclusions no. 4 and
5, and Appendix H).

8. Watersheds with even a small amount of construction contribute extraordi­
narily high loads of particulate and soluble pollutants; properly designed
and operated detention systems do appear to handle this loading problem
sufficiently.

9. Soluble pollutants are at least as important a contributor as particulate
pollutants and should be addressed to a greater extent in management
approaches.

10. Normalized pollutant loading seems to decrease with increasing drainage
area, indicating the effect of various chemical, physical and biological
processes on the pollutants.

11. Snowmelt loading is a very significant part of total annual loading and can
be the dominant part in rural areas.

12. Atmospheric sources of various pollutants can be quite high, particularly
for nitrogen and lead.

13. Modeling results for the 3,000-square-mile Region show that secondary or
tributary receiving streams are severely impacted by nonpoint source
pollution; recommended water quality guidelines are commonly exceeded.

14. A lakes sampling program conducted by the Metropolitan Council and reported
by Osgood (Metropolitan Council, 1981a) shows that lakes within the Region
are also negatively impacted by nonpoint source pollution.
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15. Nonpoint source pollution can best be dealt with by a comprehensive
stormwater management approach that utilizes the natural drainage system
and approaches the problem on a watershed basis, rather than a political
boundary basis.

16. Low-cost, easily implementable, non- or minimum-structural management
practices are best suited to minimize nonpoint pollution impacts.

17. A conjunctive-benefits approach to implementation is appropriate because
stormwater management yields multiple benefits beyond water quality.

18. Because each watershed has unique characteristics and problems, management
solutions have to be individually designed to address identified priorities.

19. A preliminary evaluation of management practices likely needed to mitigate
the nonpoint runoff pollution problem in the Region shows that about $40
million will be needed to implement a program to clean up noncatastrophic
problems.

These conclusions form the basis for the recommendations for management
contained in the management section (section VI).
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Parameter

1. Metals:
Pb, Zn, Cd, Fe,
Mn, Cr, Cu, Ni

2. Total Phosphorus

3. Dissolved Phosphorus

4. ~issolved N02-N03-N

5. Dissolved NH4-N

6. Total Kjeldahl-N

7. Dissolved Kjeldahl-N

8. To ta 1 Kj e1dah1- N
1ess than 4u

9. Total Phosphorus
1ess than 4u

o. Total Suspended ..
Solids

1. Dissolved Solids

2. Jolatile Suspended
Solids

METROPOLITAN WASTE CONTROL COMMISSION
QUALITY CONTROL LABORATORIES

208 Non-Point Discharge Study
1980

Analytical Methods

'" Laboratory r~ethod

Low Level: Flameless Atomic Absorption
Spectrophometric
High Level: Atomic Absorption, Flame
Spectroscopy, direct aspiration

Persulfate digestion (semi-micro), automated
phosphomolybdate color development, ascorbic
aci d reduction

0.45u filtration (prior to delivery to lab),
Persulfate digestion (semi-micro), automated
phosphomolybdate color development, ascorbic
acid reduction

Sample filtered as part of automated analysis,
Hydrazine reduction to nitrite, Diazo color
development

Sample filtered as part of automated analysis,
automated colorimetric phenate method

Manual digestion with automated phenate
(Salicylate) color development

0.45u membrane filtration (prior to delivery to
lab). Manual digestion with automated phenate
(Salicylate) color development

See Total Kjeldahl-N, particle size discrimination
done prior to delivery to lab

See Total Phosphorus, particle size discrimination
done prior to delivery to lab

Gravimetric; sample filtered through glass fiber
filter, dried at 103°C and weighed.

Gravimetric, filtrate sample evaporated to dryness
on a steambath and dried at 103°C (filtration done
prior to delivery to lab).

Suspended Solids filter ashed at 550°C

A-2

Reference

3

3

3

3

3

3

3

3

3

3

5

1



Parameter

13. Total COD

Labora to ,-y Method

Dichromate reflux method

Refer~ 2

14. Total Organic Carbon Automated analysis of homogenized acidified sample
using a Dohrman DC-50A/52A Carbon Analyzer

5

15. Dissolved Organic
Carbon

16. Dissolved COD

17. Fecal Col Horm

18. Feca 1 Streptococcus

19. BOD5

20. Ca rbonaceous BOD5

21. Ul tima te BOD

22. PCB

See Total Organic Carbon Analysis done on filtrate
(filtration done prior to delivery to lab)

Filtrate analyzed using dichromate reflux method
(filtration done prior to delivery to lab)

0.45u membrane filtration, M-FC agar

0.45u membrane filtration, KF Strep agar

Standard Dilution technique Membrane Electrode
Readout for Dissolved Oxygen

Standard Di'luttonTechnique Membrane Electrode
Readout for Dissolved Oxygen, N-Serve used as
nitrification inhibitor

Glass Bead Method, Standard Dilution Technique,
Dissolved Oxygen read on Days 1,3,5,7,10,15,
20, reaerated as necessary.

Liquid-liquid extraction with methylene chloride.
Extract dried and concentrated to 5 ml. Concentrate
(2 ml) cleaned with florisil and hexane followed by
mercury and sulfuric acid. 5 ul of cleaned extract
is injected on an OV-17/0V 210 GC column and detected
by electron capture

A-3

5

5

4

4
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References for Analytical Procedures

1. American Public Health Assn., American Water Works Assn., Water Pollution
Control Federation; Standard Methods for the Examination of Water and
Waste Water, Fourteenth Edition.

2. Metropolitan Waste Control Co~nission, Report of the Carbonaceous and
Nitrogenous BOD Studies as authorized Under 208 of PL 92-500, August 1979.

3. United States Environmental Protection Agency, Methods for Chemical
Analysis of Water and Waste, March, 1979.

4. United States Environmental Protection Agency, Microbiological Methods
for Monitoring the Environment, Water and Wastes, 1978.

5. United States Geological Survey, Methods for Determination of Inorganic
Substances in Water and Fluvial Sediments, Book 5, Chapter Al, 1979.

6. Federal Register, Volume 44, No. 233, December 3, 1979, Pas 69501-69509.
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Table 8-1
ATMOSPHERIC COLLECTION STATISTICS

Normalized Loads*
Station TKN N/N TN TP ,S04 Cl Pb

l. Bevens:
Dryfa11 Mean (n=9) .161 .037 .198 .024 .175 .047 .0008

S. D. .225 .042 .265 .039 .140 .044 .0009

Wetfa11 Mean (n=9) 2.32 1.24 3.57 .077 5.18 .77 .015
S. D. 1.0 .56 1.37 .05 2.2 .59 .007

2. Cottage Grove:
Dryfall Mean (n=5) .048 .031 .079 .004 .176 .022 .001

S. D. .019 .008 .026 .004 .087 .007 .0007

Wetfa11 Mean (n=4) 1.36 .79 2.17 .061 4.6 .31 .008
S. D. .45 .17 .64 .037 2.4 .24 .006

Compos- Mean (n=3) .147 .063 .005 .77 .11 .002
ite S. D. .075 .04 .004 .35 .06 .001

3. Eden Prairie:
Dryfa11 Mean (n=9) .056 .034 .092 .011 .186 .02 .002

S. D. .044 .033 .073 .007 .107 .01 .002

Wetfa11 Mean (n=9) 2.04 .98 3.03 .034 4.5 .50 .012
S. D. 2.56 .27 2.60 .019 1.3 .41 .007

4. Minneapo 1is:
Dryfa 11 Mean (n=8) .059 .026 .085 .007 .22 .032 .002

S. D. .04 .01 .002 .008 .47 .179 .001

Wetfa11 Mean (n=8) 1.45 .87 2.31 .112 5.2 .56 .023
S. D. .42 .29 .62 .09 3.7 .38 .012

50 Maplewood:
Dryfall Mean (n=7) .06 .03 .091 .007 .179 .021 .0012

S. D. .039 .007 .041 .005 .051 .012 .0006

Wetfa11 Mean (n=7) 1.44 .96 2.4 .091 4.4 .63 .019
S. D. .68 .21 .8 .071 2.4 .33 .012

6. Shingle:
Dryfa 11 Mean (n=5) .088 .023 .109 .016 .147 .043 .0016

S. D. .044 .014 .047 .022 .049 .028 .001

Wetfa11 Mean (n=4) 3.06 2.36 5.45 .173 14.1 1.5 .034
S. D. 2.55 1.87 4.37 .133 17.6 .85 .043

Compos- Mean (n=4) .31 .11 .008 .96 .019 .003
ite S. D. .10 .09 .008 .55 .02 .002

* Dryfa11 and composite in mg/sq ft/day.
Wetfa 11 in mg/sq ft/inch of precipitation.
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Table B-2
WETFALL/DRYFALL TOTALS (pounds)

Site TKN N/N TN TP SO Cl Pb

Bevens Dryfa 11 269,000 63,600 338,400 44,200 191,300 80,000 1,380.0
Wetfa11 251,000 120,000 371,000 7,700 509,000 83,000 1,720.0
Total 520,000 183,600 709,400 51,900 700,300 163,000 3,100.0

Carver Dryfa 11 202,800 50,000 253,000 14,600 244,000 62,700 1,081.0
Wetfa 11 202,000 97,000 299,000 6,200 407,000 66,000 1,378.0
Total 404,800 147,000 552,000 40,800 751,000 128,700 2,459.0

Raven Dryfa 11 107,600 25,000 132,600 17,000 122,000 31,300 541.0
Wetfa11 83,000 40,000 123,000 2,700 171,000 28,000 560.0
Total 190,600 65,000 255,600 19,700 293,000 59,300 1,101.0

Credit Dryfa 11 28,000 17,600 45,500 5,300 93,300 11,000 946.0
Wetfa 11 85,000 40,700 125,700 1,400 172,000 21,300 557.0
Total 113,000 58,300 171,200 6,700 265,300 32,300 1,503.0

Vermi llion Dryfa 11 37,200 23,300 50,000 7,200 124,000 14,700 1,254.0
Wetf a11 113,000 54,000 167,000 1,900 228,000 27,600 741.0
Total 150,000 77,300 217,000 9,100 352,000 42,300 1,995.0

Elm Dryfa 11 17,200 10,800 28,000 3,300 57,400 6,800 585.0
Wetfa 11 48,000 25,000 73,000 800 99,000 11,400 318.0
Total 65,200 35,800 101,000 4,100 156,400 18,200 903.0

Shingle Dryfa11 33,000 8,500 51,500 6,500 59,000 17,500 600.0
Wetfa 11 81,000 62,000 143,000 4,100 425,000 30,000 1,040.0
Composite· 43,600 13,400 57,000 1,000 110,800 5,900 458.0
Total 157,600 83,900 251,500 11 ,600 594,800 53,400 2,098.0

Bassett Dryfa11 41,200 18,000 59,000 5,500 149,000 23,600 1,382.0
Wetfa11 63,000 32,000 95,500 5,800 196,000 23,000 1,160.0
Total 104,200 50,000 154,000 11,300 345,000 46,600 2,542.0

Purgatory Dryfa 11 29,000 18,000 47,000 5,600 97,000 11,400 977.0
Wetfa 11 71,000 31,700 102,700 1,100 131,000 18,000 416.0
Total 100,000 49,700 149,700 6,700 228,000 29,400 1,393.0

80th St. Dryfa11 1,210 800 2,000 110 4,790 590 28.0
Wetfa11 2,270 1,270 3,540 104 7,030 520 15.0
Composite 1,000 400 1,400 34 4,883 645 13.2
Total 4,480 2,470 6,940 248 16,703 1,755 56.2

Iverson Dryfa 11 118 78 194 10 464 58 2.8
Wetfa 11 2,270 1,270 3,540 104 7,030 520 15.0
Composite 97 39 136 3 474 59 1.2
Total 387 217 602 21 1,491 158 5.2

Hwy. 100 Dryfall 652 274 924 86 2,400 360 22.5
Wetfa11 936 531 1,467 85 2,764 342 17.4
Total 1,588 805 2,391 171 5,164 702 39.9

Wesley Dryfa 11 445 186 631 57 1,621 236 16.3
Wetfa 11 655 373 1,028 60 1,936 _ 239 12.1
Total 1,100 559 1,659 117 3,557 475 28.4

Sandburg Dryfa 11 161 69 230 21 5,921 88 5.5
Wetfa11 240 136 376 22 706 87 4.5
Tota1 401 205 606 43 1,298 175 10.0

Estates. Dryfa 11 315 82 394 62 564 169 5.5
Wetfa11 777 589 1,366 40 4,113 291 10.0
Composite 416 128 544 9 1,055 56 4.3
Total 1,508 799 2,304 111 5,732 516 19.8

Yates Dryfall 504 130 630 99 897 306 9.1
Wetf a11 1,236 938 2,174 63 6,536 461 15.8
Composite 669 205 874 15 1,696 89 6.9
Total 2,409 1,273 3,678 177 9,129 856 31.8

PDQ Dryfa 11 156 98 254 31 522 62 5.4
Wetfa11 386 174 560 6 740 99 6.6
Compos ite 542 272 814 37 1,262 161 12.0
Total 2,409 1,273 3,678 177 9,129 856 31.8
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PRECIPITATION ANALYSIS USING SYNOP
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PRECIPITATION DATA (SYNOP)

Long-term precipitation records are available from the Minneapolis-St. Paul
International Airport for the period 1948-1980. Several analyses of these data
have been done for the Metropolitan Area, but the ones referenced here will be
those of the Metropolitan Waste Control Commission (MWCC, 1979) which used
1948-1975 and the Metropolitan Council-USGS for the present 208 program which
used 1952-1980. Program SYNOP (U.S. EPA, 1976) was used in both evaluations
and updated data to 1980 was entered by USGS for the current effort. Table C-1
shows the long-term characteristics for the Minneapolis-St. Paul Airport for
1948-1975, as well as similar characteristics for several neighboring stations
(MWCC, 1979); the 1952-1980 figures are nearly identical to those in
Table C-1. Figure C1 shows the average monthly behavioral characteristics of
the aiport station for the 1948-1975 period.

Table C-1
SUMMARY OF LONG-TERM RAINFALL ANALYSIS
(Minimum Six Dry Hours Between Storms)

Average Average
Average Storm Average Time Number

Years Storm Intensity Storm Between of
of Duration (Inches/ Depth Storms Storms

Gage Record (Hours)_ Hour) (Inches) (Hours) Eva1uatr,..l

Minneapo1is/ 28 6.30 0.047 0.25 84.0 2,858
St. Paul Airport

Buffalo 27 7.38 0.058 0.35 102.1 2,079

Plymouth 13 5.21 0.096 0.35 104.4 845
(Go lden Va 11 ey)

LeSueur 28 7.09 0.054 0.31 104.7 2,259

Northfield 28 6.44 0.069 0.33 99.1 2,394

To gain a further insight into the precipitation characteristics, a statistical
program was run using individual precipitation events from 1952-1980 for spe­
cific durations. The purpose of this was to see the precipitation volumes asso­
ciated with various return frequencies at different durations. Table C-2 shows
the results of this analysis, including the number of events at the specific
duration for the period of 29 years; for example the two-year return interval
value of rain based on all of the two-hour storms is 0.65 inch. Table C-1
shows that over the long term, the average precipitation duration is about six
hours. Programs focusing on remedial stormwater efforts, therefore, should use
the six-hour duration data to obtain maximum results since quantity and quality
data show beneficial results from controlling frequently occurring events.
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Figure C-1. LONG-TERM PRECIPITATION CHARACTERISTICS, MINNEAPOLIS-ST. PAUL
AIRPORT (FROM MWCC, 1979)

MONTHLY STORM AVERAGES MONTHLY STORM VARIATION
0.20 2.0

0.18 1.8

0.16 1.6

>-~ 0.14 >- 1.4f- . f-
-0:: 0.12 (j) 1.2(j):r:
Z, Z
W . 0.10 W 1.0
f-?; f-
z ~ 0.08 Z 0.8

0.06 0.6

0.04 0.4

0.02 0.2

000 0.0
I 2 4 6 8 10 12 I 2 4 6 8 10 12

MONTH MONTH
1.0 2.0

0.9 1.8

0.8 1.6

Will
0.7 1.4

W
:::E:r: :::E 1.2
:::>V :::>
....J Z 0.5 ....J 1.0
0_

~>~ 0.8

0.6

0.2 0.4

0.1 0.2

0.0 0.0
I 2 4 6 8 10 12 I 2 4 6 8 10 12

MONTH MONTH
10 2.0

9 1.8

8 1.6

7 Z 1.4

~<n 0
1.2-0:: 6 i=

tt:::> 5 <! 1.0
0::

0 0::

BE 4 :::>
0

3

2 04

I 02

0 0.0
I 2 4 6 8 10 12 I 2 4 6 8 10 12

MONTH MONTH
200 2.0

180 1.8

160 16

140 1.4

<!<n 120 ~ 1.2
~~ 100 ....J 1.0WO W
o:r:

80
0

0.8~

60 0.6

40 0.4

20 0.2

0 0.0
1 2 4 6 8 10 12 I 2 4 6 8 10 12

MONTH MONTH

C-3



Table C-2
PRECIPITATION VOLUMES (INCHES) AS FUNCTION OF DURATION

Duration Number of Return Interval
(Hours) Events 2 Years 5 Years 10 Years

2 395 0.65 0.81 1.14

6 136 0.63 1.12 1.51

12 45 0.47 1.01 1.45

The data presented in Table C-1 for the Minneapolis-St. Paul Airport were
further evaluated by MWCC (1979). Figures C2 and C3 are cumulative density
functions for gamma distributed storm data. A discussion of the background for
this evaluation occurs in the referenced MWCC publication and in an EPA docu­
ment (U.S. EPA, 1976). The graphs presented in Figures C2 and C3 are based
upon the coefficients of variation associated with the data in Table C-1.
A large coefficient of variation indicates a wide distribution of data and
enhanced likelihood of large or small events.

To use these figures select a percent duration value along the y-axis and move
to the right until the dotted line is intersected; move down to read the
multiple of the mean expected for the desired duration. Using the 90 percent
duration example and Figures C2 and C3 one can make the following statements.

Intensity: 90 percent of the time the intensity of precipitation is 0.10 inch.
per hour (2.2*0.047) or less.

Duration: 90 percent of the time the duration of precipitation is 15.1 hours
(2.4*6.3) or less.

Volume: 90 percent of the time the volume of precipitation is 0.7 inch
(2.8*0.25) or less.

Time Between Storms: 90 percent of the time the time between storms is 185
hours (2.2*84) or less.

The number of storms greater than a given value on an annual basis can then be
determined. Again, the background explanations occur in the previously men­
tioned MWCC and U.S. EPA documents.

The data in Table C-1 and Figures C2 and C3 show that the average number of
storms in a year equals the length of period divided by the time between
storms. For the above data:

Average number of storms =
8,760 hours per year

84 hours
= 104

The expected number of storms greater than a given value is then the fraction
of storms greater than the given values (l-percent duration/100) times the
average number of storms. Using the 90 percent duration figures presented
previously, there will be on the average .10*104=10.4 storms per year with a
volume greater than 0.7 inch.
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Figure C-2. CUMULATIVE DISTRIBUTIONS FOR STORM INTENSITY AND DURATION
(FROM MWCC, 1979)
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Figure C-3. CUMULATIVE DISTRIBUTIONS FOR STORM VOLUME AND TIME
BETWEEN STORMS (FROM MWCC, 1979)
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The type of information presented in this appendix is readily available and
should be used in design considerations for stormwater facilities.

REFERENCES

Metropolitan Waste Control Commission, 1979. Calibration Report for the SPAM
Statistical Model. Chapter II. Rainfall Analysis. Prepared by GANORAM and
Hydroscience for Combined Sewer Overflow Study, November 1979. pp. 7-63.

U.S. Environmental Protection Agency, 1976. 208 Areawide Assessment Procedures
Manual; Volume I, Chapter 3, Procedures for Assessment of Urban Pollutant
Sources and Loadings. U.S. EPA Report 600/9-76-014, Prepared for EPA by
Hydroscience, Inc., July 1976, Pp. 3-1 -3-89.
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Appendix D
BASIN CHARACTERISTICS FOR 17 MONITORED SITES
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Table 01. Basin Characteristics for Urban Sites
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Table 02. Basin Characteristics for Rural Sites
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Appendix E
REGIONAL LOADING DATA

(See also Payne et al., 1982)
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Table E-1. METROPOLITAN AREA WATERSHED CODES

COUNTY

Anoka

Carver

Dakota

Hennepin

Ramsey

Scott

Washington

WATERSHED

Coon Creek
Rum River
Sunrise River
Upper Mississippi River

Bevens Creek
Bluff Creek
Buffalo Creek
Carver Creek
Chaska Creek
Crow River
Hazeltine-Bavaria Creek
Riley Creek
Upper Minnesota River

Black Dog Lake
Chub Creek
Gun Club Lake
Lower Cannon River
Lower Mississippi River
Upper Cannon River
Vermillion River

Bassett Creek
Crow River
Elm Creek
Grass Lake
Long Headow Lake
Lower Hinnesota River
Minnehaha Creek
Nine Mile Creel~

Purgatory Creek
Shingle Creek
Upper Mississippi River

Ramsey ,Washington ,Metro
Rice Creek
St. Paul

Clarks Lake
Credit River
Prior Lake
Robert Creek
Sand Creek
Upper Minnesota River

Big Marine Lake
Brown Creek
Conners Lake
Cottage Grove
Cottage Grove Ravine
Lower Mississippi River
Marine on St. Croix
St. Croix River
Trout Brook
Valley Branch

E-2

WATERSHED
CODE

COO
Rill1
SUN
VMS

BEV
BLU
BUF
CAR
CHA
CRO
HBC
RIL
UMN

BLA
CHU
GUN
LCR
LMS
UCR
VER

BAS
CRO
ELM
GRA
LML
LMN
MIN
NIN
PUR
SHI
VMS

RWM
RIC
STP

CLA
CRE
PRI
ROB
SAN
UMN

BML
BRO
CON
COT
CGR
LMS
MSC
STC
TRO
VAL



Table E-2. METROPOLITAN AREA WATCRSHEDS LAND USE (1980)

Percent in Single
Family Housing Percent Percent in

Total Percent in Commet'c i a1 Agriculture Percent in
Tertiary Area 2 Low Medium High Multifamily and and Lakes and Percen tin

Watersheds (miles ) Density Density Density Housing Industrial Vacant Land Open Water Open Space

Anoka Co.

COO-l 1.9 5 17 2 65 11
-2 19.7 9 2 3 81 5
-3 13.8 4 21 1 11 55 * 8
-4 11.4 11 1 1 84 3 *-5 2.6 1 15 9 38 37
-6 14.4 2 17 * 19 61 1
-7 1.9 6 4 72 18 *
-8 4.6 1 99
-9 21.6 * * 55 1 44

RUM-1 14.0 6 * 91 2 1
-2 31.3 1 1 93 1
-3 13.7 * 1 97 2
-4 57.4 9 2 3 80 "2" i)

-5 34.7 4 * 88 * 8
-6 17.3 2 2 1 93 2 *-7 6.9 43 2 20 22 7 6

SUN-1 30.7 3 * 82 8 7rr1
I -2 41. 7 4 * * 57 7 31w -3 27.6 5 3 * 2 73 15 2

Carver Co.

BEV-1 48.9 * 1 1 97 1 *
-2 31.1 * 100 *-3 2.7 1 . 1 98

BLU 8.4 1 1 87 7 4
BUF 2.4 100
CAR-1 72.7 * * 1 95 2 1

-2 12.6 2 1 1 57 38 1
CHA 12.7 1 2 1 94 2
CRO-1 80.6 * * 1 98 *

-2 8.7 * * 99
-3 2.3 1 99
-4 4.8 * 1 85 14 *
-5 2.8 2 1 79 11 7
-6 2.6 100
-7 4.9 * 89 11
-8 50.4 3 1 1 83 7 5
-9 4.5 3 1 63 1 32

-10 3.2 1 36 18 45
-11 8.6 5 1 77 10 7
-12 2.6 4 3 86 5 2
-13 5.4 1 99 *
-14 26.2 3 * 2 76 4 15

HBC 13.4 3 5 1 9 75 5 2



Table E-2. METROPOLITAN AREA WATERSHEDS LAND USE (1980) (Cant.)

Percent in Single
Family Housing Percent Percent in

Total Percent in Commercial Agriculture Percent in
Tert i ary Area Low Medium High Mult ifamily and and Lakes and Percent in

Watersheds (miles 2) Density Density Density Housing Industrial Vacant Land Open Water Open Space

RIL 10.0 7 2 3 74 12 2
UMN-1 6.3 75 8 17

-2 9.4 1 1 93 5
-3 19.8 * 2 3 64 5 26
-4 3.3 1 5 86 7 1

Dakota Co.

BLA 22.2 2 23 3 13 51 2 6
CHU-1 26.1 * * 97 2 *-2 49.0 * * 1 98 *GUN 35.1 6 6 2 6 60 2 18
LCR-1 12.4 2 * 1 83 10 4

-2 22.0 * 1 99 *-3 27.0 * * * 99 *-4 2.7 1 99
-5 1.2 100

lT1 LMS-1 13.3 9 5 1 9 64 1 11I
+::> -2 53.9 4 15 2 2 15 34 13 15

-3 22.7 2 13 * 8 53 23 1
-4 1.4 26 34 40
-5 11.0 2 1 87 10

UCR 16.0 2 1 93 4
VER-1 8.8 2 11 1 8 60 9 9

-2 23.6 3 3 * 3 79 4 8
-3 37.9 1 * 1 96 1 *-4 31.4 2 9 * 3 85 1
-5 14.9 2 13 * 3 74 8
-6 35.6 1 1 * 4 66 28
-7 30.6 1 * * 98 *-8 43.8 3 * 2 82 13
-9 18.4 3 * 1 94 2

-10 29.2 1 1 * 3 94 1 *-11 52.0 2 * 1 95 1 1

Hennepin Co.

BAS-1 18.1 2 23 2 20 42 9 2
-2 3.4 51 8 10 20 11
-3 14.9 36 8 7 23 9 1 16
-4 4.3 46 2 32 9 5 6

ELM-1 25.6 2 * 97 *-2 22.4 2 2 * 95 1
-3 25.4 2 3 * 61 7 27
-4 31.5 4 6 1 79 3 6



Table E-2. METROPOLITAN AREA WATERSHEOS LAND USE (1980) (Cant.)

Percent in Single
Family Housing Percent Percent in

Total Percent in Commercial Agriculture Percent in
Tertiary Area Low Medium High Multifamily and and Lakes and Percent in

Watersheds (miles 2) Dens ity Density Density Housing Industrial Vacant Land Open Water Open Space

GRA 3.7 1 2 11 63 23
LML 18.1 28 4 34 16 12 6
LMN 8.3 * 34 2 10 34 7 13
MIN-1 22.7 11 4 * 2 55 12 16

-2 40.2 5 3 * 1 56 21 14
-3 2.4 16 2 64 18
-4 29.2 29 6 * 3 15 43 4
-5 21.3 10 4 2 58 22 4
-6 9.8 10 39 2 9 20 16 4
-7 58.0 3 30 17 6 20 8 5 11

NIN-1 14.8 12 20 1 9 46 3 9
-2 12.0 45 6 22 19 8
-3 2.2 12 5 18 31 34
-4 1.9 22 27 14 37
-5 12.7 46 5 21 11 1 16

PUR-1 21.1 3 26 1 7 56 3 5
-2 5.5 7 13 2 8 60 7 3

l'T1 -3 1.6 38 11 43 8
I

-4 0.6 40 7 33 20U"1
-5 1.8 22 3 4 31 7 33

SHI-1 2.6 2 56 42
-2 5.8 6 15 3 15 46 14 1
-3 7.9 5 9 * 3 74 4 5
-4 4.1 10 * 34 46 10
-5 3.5 34 11 14 37 4
-6 11.9 49 5 5 27 5 5 4
-7 4.4 42 2 13 30 2 11
-8 2.8 57 4 23 9 7
-9 2.4 6 39 3 28 1 1 22

UMS-l 10.5 12 3 * 12 62 4 7
-2 6.0 1 7 1 1 77 10 3
-3 33.7 2 26 1 2 13 52 2 3
-4 8.8 * 34 1 15 32 3 15
-5 1.1 49 15 20 15 1
-6 21.7 3 17 10 61 2 1 5
-7 12.3 1 24 24 36 3 6 6
-8 2.7 29 64 7 *

Ramsey Co.

RWM-1 3.2 * 34 8 18 40
-2 10.9 38 2 16 37 7
-3 10.3 33 7 2 14 22 10 12
-4 9.0 19 24 7 11 33 1 5



Table E-2. METROPOLITAN AREA WATERSHEDS LAND USE (1980) (Cont.)

Percent in Single
Family Housing Percent Percent in

Total Percent in Commercial Agr i cu lture Percent in
Tertiary Area Low Medium High Multifamily and and Lakes and Percent in

Watersheds (mi les 2) Density Density Density Housing Industrial Vacant Land Open Water Open Space

-5 10.0 25 1 5 8 47 3 11
-6 5.5 5 1 33 27 33 1
-7 2.9 24 8 7 41 20
-8 4.3 10 5 74 2 9

RIC-1 26.1 39 3 26 20 6 6
-2 16.6 1 24 2 22 30 5 16
-3 43.6 5 3 6 64 11 11
-4 28.5 1 3 3 80 9 4
-5 27.4 1 1 1 91 2 4
-6 0.8 4 96
-7 42.5 1 11 * 3 65 17 3
-8 4.6 6 88 6

STP-1 40.0 10 38 8 22 4 7 10
-2 33.6 7 18 1 4 48 11 11

Scott Co.m
I

0"> CLA 21.9 * * 94 4 2
CRE-1 11.2 5 3 73 4 15

-2 33.3 6 1 1 73 * 19
-3 3.1 21 1 60 12 6

PRI-1 52.1 2 3 * 6 70 7 12
-2 2.6 9 20 3 38 25 5
-3 5.1 14 8 * 46 29 3
-4 1.1 10 90
-5 15.9 3 * 89 6 2
-6 2.3 * 92 8
-7 2.7 6 * 79 15

ROB 11.6 1 99
SAN-1 74.2 * * 1 96 1 1

-2 35.1 * * 98 1 *-3 4.8 2 8 7 80 3
-4 4.4 9 53 28 10
-5 23.8 1 99
-6 23.1 * * 96 4

Washington Co.

BML-1 32.0 3 1 1 84 10 1
-2 10.2 2 1 95 2

BRo 29.0 3 3 * 2 90 1 1
CON 11.0 * 2 91 7
COT 14.4 2 14 * 6 75 * 3
CGR 32.4 1 1 * 2 93 1 2
MSC 39.3 3 1 2 80 5 9

----~ - ---------



Table E-2. METROPOLITAN AREA WATERSHEDS LANND USE (1980) (Cont.)

Percent in Single
Family Hous ing Percent Percent in

Total Percent in Commercial Agriculture Percent in
Tertiary Area 2 Low Medium High Multifamily and and Lakes and Percent in

Watersheds (miles) Density Density Density Housing Industrial Vacant Land Open Water Open Space

STC-1 21.7 1 14 * 11 51 20 3
-2 6.3 5 4 2 71 13 5
-3 12.7 2 1 81 12 4

TRO 7.0 3 85 * 12
VAL-1 8.9 7 5 1 7 63 11 6

-2 14.6 5 4 * 4 56 5 26
-3 24.0 5 1 7 82 5
-4 4.4 13 5 82
-5 5.3 6 6 83 5
-6 8.7 4 96

TOTAL 2968.0

* - This means that individual values marked this way are less than 0.50%. If two or more *s add up to 0.5 or more,
this has been figured into 100% total.

Rivers - To provide a degree of consistency the areas of the following rivers (open water) have been figured into the areas of
bordering watersheds:

Crow River
Minnesota River
Mississippi River
St. Croix River

All other rivers, streams, etc. appear too narrow to be measured.

Sheds - Secondary watersheds very often cross county boundaries. You will find them listed under the county containing the
majority of the land area of the watershed.

Single-Family Housing Densities calculated as follows:

Low Density - 2 units or fewer per acre
Medium Density - 3-8 units per acre
High Density - 9 or more units per acre
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Table E-3. Watersheds

Agr icu Hura1

22. Lower So. Fork Crow River
23. Winsted Lake
24. E1m Creek
25. Riley Creek
26 . Bluff Creek
27. Hazeltine-Bavaria Creek
28. Chaska Creek
29. Bevens Creek
30. Silver Creek
31. Robert Creek
32. Sand Creek (Scott)
33. Spring Lake
34. Shakopee
35. Credit R.
36. Miss. 92 (Cottage Grove Ravine)
37. Minn. 122 (Scott Co.)
38. Minn. 126 (Carver Co.)
39. Carver Creek
40. Belle Plaine
41. West Sunrise
42. Seelye Brook

1. No. Vermillion
2. Vermillion
3. Hardwood-Miss. 97 (Ravenna)
4. Lower Cannon
5. Chub Creek
6. Miss. 96 (So. Washington Co.)
7. Basswood Grove
8. Afton
9. St i llwater
10. Brown's Creek
11. Marine-on-St. Croix
12. Big Marine Lake
13. So. Sunrise
14. Rice Creek
15. Coon Creek
16. Cedar Creek
17. Ford Brook
18. Lower Rum R.
19. Crow River
20. Sarah Creek
21. Pioneer Creek

Urban

1. Lower Minnehaha Creek
2. Lower Nine Mile Creek
3. Upper Nine Mil e Creek
4. Purgatory Creek
5. Upper Sh ing 1e Creek
6. Lower Shingle Creek
7. Upper Bassett Creek
8. Lower Bassett Creek
9. Lower Minnesota R. (Hennepin Co.)
10. St. Pau 1
11. St. Paul North
12. Ramsey-Washington North
13. Ramsey-Washington South
14. Lower Mississippi R. (Dakota Co.)
15. Lower Mississippi R. (Cottage Grove)
16. Black Dog Lake (Minnesota R.)
17. Gun Club Lake (Minnesota R.)
18. Grass Lake (Minnesota R.)
19. Prior Lake
20. Upper Mississippi R. (Anoka)
21. Lower Rum River (Coon Rapids)
22. Sand Creek (Anoka Co.)
23. Osseo
24. Upper Mississippi-Spring Lake Park
25. Upper Mississippi-No. Minneapolis
26. Upper Mississippi-Minneapolis
27. Upper Mississippi-So. Minneapolis
28. North Vermillion*
29. Vermillion*
30. Hardwood-Mississippi 97*
31. Lower Cannon*
32. Cottage Grove Ravine*
33. Basswood Grove*

34. Afton*
35. Stillwater*
36. Brown's Creek*
37. Marine-on-St. Croix*
38. Big Marine Lake*
39. South Sunrise*
40. West Sunrise*
41. Rice Creek
42. Upper Rice Creek*
43. Coon Creek*
44. Cedar Creek*
45. Ford Brook*
46. Seelye Brook*
47. Lower Rum R.*
48. Lower Crow R.*
49. Sarah Creek*
50. Pioneer Creek*
51. Lower So. Fork Crow R.*
52. Elm Creek*
53. Riley Creek*
54.- Bluff Creek*
55. Hazeltine-Bavaria Creek*
56. Chaska Creek*
57. Bevens Creek*
58. Sand Creek* (Scott)
59. Spring Lake*
60. Shakopee*
61. Credit River*
62. Carver Creek*
63. Belle Plaine*
64. Upper Minnehaha Creek
65. Middle Minnehaha Creek

* Urban part of rural watershed.
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Table E4a. Ten Percent Duration Load for Rural Subwatersheds
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Table E4b. Fifty Percent Duration Load for Rural SubvJa ters heds.
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Table E4c. Ninety Percent Dura ti on Load for Rural Subwatersheds
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Table E5a. Ten Percent Duration Flow-Weighted Mean Concentra ti on for Rural Subwatersheds
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Tabl e E5b. Fifty Percent Duration Flow-Weighted Mean Concentration for Rural Subwatersheds
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Tabl e E5c. Ninety Percent Duration Flow-Weighted Mean Concentration for Rural Subwatersheds
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Tabl e E6c. Ninety Percent Duration Load for Urban Subwatersheds.
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Tab1c E7a. Ten Percent Duration Fl ov/-Hei ghted "cnn r:onccntration
for Urban Sub'l/atersheds
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Tt:blc 1:7' b• Fifty Percent Durution Fl m'J-Vei ghted Mean Concentrati on
for Urban Subwatersheds
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Figure E-1. Flr·'~-WEIGHTED MEAN CONCENTRATION, TP
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Figure E-5. FlOW-W'- ,HTED MEAN CONCENTRATION, Pb
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wATERSHED ANALYSES

This section defines the major identified problems for each secondary watershed
in the Metropolitan Area. Subsequent implementation efforts should focus
attention on these problems and develop programs for addressing these
concerns. Subwatersheds (Table 5) and priority lakes will be discussed in the
same section that evaluates their corresponding secondary watershed.

The evaluations that follow describe each secondary watershed's problems and
include a table containing watershed or subwatershed listing of flow-weighted
mean values for several water quality constituents, including the priority
pollutant. All pollutant values are given in milligrams per liter (mg/l).
Severity of the problem is evident by comparing this table with the recommended
water quality gUidelines discussed earlier.
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1. Bassett Creek. This watershed is recom­
mended for critical priority because of
its poor overall water quality. Bassett
Creek Flood Control Commision is the
eXisting watershed management
organization.

i

\

I
~

~
0 • 10 1$ 20 MIl,..£1

Area
(.?.9.. mi. ) T5.S COD TP TN Pb

Upper Bassett 18.1 53 54 0.42 2.9 0.05
Lower Bassett 22.6 88 64 0.92 4.9 0.08

Upper Bassett Evaluation: Upper Bassett subwatershed generally lies
upstream of Medicine Lake. The basin is currently developing at low- to
medium-density urban uses. For this reason attention must be placed on
control of storm water runoff through a comprehensive program. Water
quality gUidelines are equalled or exceeded for all five of the constitu­
ents noted above. The "reg ionally important" Medicine Lake is located at
the lower end of this subwatershed, and has an overall TP inflow equal to
0.29 mg/l. Large parts of this watershed are undergoing development, again
stressing the importance of good storm water planning.

Suggested management needs:

- 700 acre-feet of water quality storage.
- Comprehensive storm water management for whole subwatershed urbanizing

area.
- Medicine Lake: - Information program for lakeshore homeowners.

- Intensive housekeeping for the urbanized area (1,160
curb-miles per year priority sweeping; leaf/litter
program) .
600 acre-feet of water quality storage, possibly
retrofitted into existing storage.

Lower Bassett Evaluation: The Lower Bassett Creek subwatershed is highly
urbanized with parts of the basin draining into the combined sewer in
Minneapolis. Again, because of the combined sewer problem, the priority
pollutant is COD. The COD level in the basin needs a reduction of 22 per­
cent; TSS for comparison needs a reduction of 66 percent. Because of the
dense urban development, management approaches are limited and usually
quite expensive. Recommendations for this subwatershed are limited to
intensive housekeeping (street sweeping, catch basin cleaning). Storage
options, although effective, are precluded because of lack of space and
high cost of subterranean storage.
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Suggested management needs: Intensive housekeeping in the urbanized area
(3,000 curb-miles per year priority sweeping;
cleaning of 5,000 catch basins per year).

2. Bevens Creek. This watershed is recom­
mended for secondary priority because
even though it has water quality prob­
lems, the frequency of such problems is
low.

~o $ 10 t5 20 UILES

Mainstem
Silver Creek

Area
(.?.9.. mi.) TSS

51.6 131
31.1 50

COD

69
130

TP TN

1.0 8.5
0.11 0.2

Mainstem Evaluation: The mainstem subwatershed begins in the outstate
area and flows through essentially an agricultural basin within the
Region. Water quality exceeds recommended guidelines for the priority TSS
pollutant and for the nutrients because of intensive agricultural activ­
ity. The basin agriculture is predominantly dairy and supporting crops.
Management attention should focus on this subwatershed. The county has
identified upgrading of the Young America-Norwood sewage treatment plant as
a high-priority need for cleaning up the stream.

Suggested management needs:

- 2,600 acres in cropland conservation practices.
- 3,000 acres in noncropland critical area treatment.
- Limiting animal access to stream channel.

Silver Creek Evaluation: The Silver Creek subwatershed, although similar
to the mainstem in character, has much less of a water quality problem.
Limited management is needed for TSS reduction.

Suggested management needs: 900 acres cropland conservation practices.
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3. Big Marine-Carnelian. This watershed is
a high-priority lake basin because of
Big Marine and Big Carnelian Lakes.
Carnelian-Marine Watershed District is
the existing watershed management
organization.

l
~o I to 1I 20 WIUI

Area
(~._ mi.) TSS COD TP TN

Big Marine-Carnelian 42.2 12 34 0.31 2.5

Evaluation: The presence of two priority lakes on the mainstem of this
watershed requires that priority attention be placed on the nutrient
quality of the runoff. Nutrients in this watershed came from agricultural
runoff and undoubtedly from septic tank leakage (although the Council's
surface water planning program did not gather data to document this). This
watershed has undergone several high-water problems in the past several
-years, largely due to development within the zone of water fluctuation of
the watershed's lakes. These flooding events are the major watershed prob­
lem. The watershed portion of the recommendations focuses on nutrient
reduction through agricultural runoff management. The two priority lakes
experience runoff loading that is about 0.48 mg/l TP, not including an
added unknown load from flooded septic tanks. As with the watershed, atten­
tion will focus on reducing external nutrient loading through agricultural
runoff management. Elimination of the water level fluctuation problems on
the watershed's lakes can only be solved by home relocation or installation
of a lake level control outlet, possibly creating more problems for down­
stream locations. A newly created watershed district will address this and
the septic tank problem.

Suggested management needs:

- 4,350 acres in cropland conservation practices.
- 1,075 acres in noncropland critical area treatment.
- Big Marine Lake: - 800 acres in cropland conservation practices.

- Reduction of flooded septic tanks.
- Big Carnelian Lake: - 720 acres in cropland conservation practices.

- 50 acre-feet of wetland storage.
- Reduction of flooded septic tanks.
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4. Black Dog Lake (BLA). This watershed is
recommended for secondary priority. It
is located partially within Lower
Minnesota River Watershed District.

~MILr:,

Area
(~. mi.) TSS COD TP TN Pb

BLA 22.2 13 24 0.19 1.3 0.02

Evaluation: This watershed covers some of the Region's most rapidly urban­
izing area (Burnsville, Apple Valley,' Eagan). Major water quality problems
do not exist currently (it meets TSS guidelines) but attention must be paid
to comprehensive storm water management as the area urbanizes. A low
remedial priority is given to this watershed, but a high priority for storm
water management is warranted. For this reason the watershed is given a
secondary priority.

Suggested management needs: No additional management practices, but a compre­
hensive storm water management program is
essential while the area urbanizes.

5. Bluff Creek. This watershed is recom­
mended for secondary priority. The
mouth is located in the Lower
Minnesota River Watershed District.
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Area
(~. mi.) TSS

Bluff Creek 8.4 80

COD

40

TP

0.5

TN

1.9

Evaluation: As the watershed name suggests, the creek flows from croplands
over the Minnesota River bluff, where it creates a channel erosion prob­
lem. The watershed is predominantly rural, but should develop slowly
within the next 20 years. Although the TSS level needs a 62-percent reduc­
tion, this watershed was not recommended as critical because of its small
size and the nature of its major problem; that is, it is not yet determined
what portion of the bluff erosion is natural and what portion is due to
human activity. The suggested management needs that can be made, however,
will involve attempts to control runoff from uplands in hopes of reducing
channe 1 impact.

Suggested management needs:

1,400 acres in cropland conservation practices.
- 900 feet of channel stabilization along bluff.

6. Brown's Creek. This watershed is recom­
mended for secondary priority. MPCA1s
recommended 20 mg/l TSS guideline for
DNR trout streams is slightly exceeded.

ir
I

~
\.-..---,1

Brown1s Creek

~.wILla

Area
(~. mi.) TSS COD TP TN Pb

29.0 21 39 0.236 3.0 0.01

Evaluation: This small watershed does exceed the recommended priority
trout stream guidelines; care should be taken in the future to protect its
trout fishery status.

Suggested management needs: No additional management practices at this
time.
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7. Cannon River. This watershed is recom­
mended for secondary priority.

nI '-'_....,

I
~

~o , 10 l& 20 MILI!S

Cannon River

Area
(~. mi.) TSS

81.3 39

COD TP

49 0.20

TN

2.2

Evaluation: With only a portion of the watershed located in the Region,
the Cannon River receives much of its total load, including point source
discharges, from outstate areas. The TSS level that exceeds the guidelines
is the result of agricultural activity and stream bank erosion on steep
slopes that drop to the river valley. Cropland tributary to areas experi­
encing severe channel erosion in southeast Dakota County should receive
priority attention.

Suggested management needs: 4,400 acres in cropland conservation practices.

8. Carver Creek. This watershed is recom~

mended for secondary priority; attention
should focus on the priority lakes.

~MII.I.

Area
(~. mi.) TSS COD TP TN

Carver Creek 89.1 13 50 0.51 1.8
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Evaluation: The Carver Creek watershed is predominantly rural except for
the northern portion around Lake Waconia. The watershed itself meets the
suggested TSS and COD gUidelines and needs no additional management recom­
mendations. There are, however, three priority lakes--Burandt, Hydes and
Miller--and one II regionally important II lake--Waconia--in the watershed.
Lakes Waconia and Burandt have watersheds that contribute TP. values of 1.52
mg/l, while the similar value for Lakes Hydes and Miller is 0.55 mg/l. The
lakes' evaluations have been combined for management evaluation purposes.

Suggested management needs:

- No additional watershed management practices.
- Lakes Waconia, Burandt, Hydes and Miller: 2,600 acres in cropland

conservation practices.
- 1,760 acres in noncropland

critical area treatment.
- Comprehensive storm water

management in the urbani
urbanizing area surrounding
Lakes Waconia and Burandt.

9. Chaska Creek. This watershed is recom­
mended for secondary priority. Its mouth is
located in the Lower Minnesota River
Watershed District.

i
'i1l.--t-..I ~HASKA
L..,CREEK _''-_t~

'--l

Chaska Creek

~MILI'

Area
(~ •. mi.) TSS COD TP TN

12.7 7 20 0.19 1.3

Evaluation: The Chaska Creek watershed is very similar to the previous
two. The Chaska basin apparently needs no additional attention to reach
the TSS or COD recommended gUidelines.

Suggested management needs: No additional management practices.
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10. Chub Creek. A secondary priority is assigned
to this watershed because it does not
currently exceed priority pollutant
guidelines.

Area
(~. mi.) TSS

~o I 10 15 20 MIl.O

Chub Creek 75.1 17

COD

49

TP

0.46

TN

3.5

Evaluation: Land uses in the Chub Creek watershed are predominantly agri­
cultural uses that do not appear to cause a water quality problem. The
local soil and water conservation district has pointed out the need for
programs on feedlots and erosion-prone land.

Suggested management needs: No additional management practices besides
specific attention to feedlots and erosion­
prone land.

11. &12. Clark's Lake and Upper Minnesota
River (UMN). These two watersheds
are recommended for secondary
priority because of the numerous
small streams involved and because
of the bluff line erosion, which
might be due significantly to
natura 1 causes.

I
UPPER 1 I

MINNESOTA I I

RIVER/ '1-
CLARKS LAKE.

~'

~"'ILEI

Area
(~. mi.) TSS COD TP TN

Mi nn. 8-122 33.2 108 230 1. 70 25
Mi nn. 8-126 19.1 77 170 1.53 16
Be 11 e Plaine 12.6 135 168 1. 56 21
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Minn. 8-122 Evaluation: The Clark's Lake subwatershed (Minn. 8-122) is the
farthest regional basin to the southwest. The basin is dominated by
agricultural uses. Watershed flow contains a TSS level that needs
reduction by 72 percent to meet the gUideline, with a fair amount of this
violation likely due to bluff erosion. Management recommendations focus on
reduction of flow to the bluff area. Much of the water quality problem of
the watershed is natural erosion of the bluff, a condition that should not
be given top priority considering limited financial resources.

Suggested management needs:

- 1,350 acres in cropland conservation practices.
- 160 feet of channel stabilization along bluff.

Minn. 8-126 Evaluation: The Minn. 8-126 subwatershed is similar to the
previous subwatershed in problem type and management approach.

Suggested management needs:

- 725 acres in cropland conservation practices.
- Evaluation of severe bluff erosion areas for future emphasis.

Belle Plaine Evaluation: The Belle Plaine subwatershed is largely
comprised of the city of Belle Plaine and the surrounding rural area. The
channel erosion problem along the bluff also exists in this watershed, as
do many small streams draining the watershed.

Suggested management needs.

- 1,800 acres in cropland conservation practices.
- 215 feet of channel stabilization along bluff.

13. Coon Creek. This watershed is recom-
mended for critical priority because it
discharges poor quality water upstream
of the Fridley water supply intakes.
Coon Creek Watershed District is the
existing watershed management
organization.

,....-l,--..-
i

~MILIiS

Area
(~ .. mi.) TSS COD TP TN Pb

Mainstem urban 10.9 152 105 1. 22 7.3 0.17
Mainstem rural 66.9 131 201 0.67 6.2
Sand Creek 14.4 29 47 0.13 2.0 0.04
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Mainstem Evaluation: The Mainstem Coon Creek subwatershed presents some
water quality problems to the downstream Mississippi River water intake at
Fridley. Because of the health-related impacts of this watershed, the
urban portion is evaluated for lead (Pb) contribution and the rural portion
for TP. The urban part of the basin is comprised mainly of the developed
portions of Coon Rapids in the lower subwatershed. The urban uses in this
area contribute high Pb values from transportation vehicles, as well as
several other high-priority pollutants, as evidenced in the figures above.
The rural portion of the subwatershed presents an equally serious problem
from the standpoint of elevated TP levels. These high phosphorus concen­
trations come from upper basin agricultural cash-cropping and sod farming.
The rural portion of the watershed contains three high-priority lakes--Ham,
Crooked and Netta--combined here for management need evaluation. Signifi­
cant TP reductions are needed for these lakes.

Suggested management needs:

Urban area: - 800 acre-feet of water quality storage.
- Leaf/litter program for Coon Rapids.
- Intensive housekeeping for Coon Rapids (2,400 curb-miles

per year of priority sweeping).
Rural area: - 1,200 acres cropland conservation practices.

- 5,280 acres noncropland critical area treatment.
- Intensive information and education program on phosphorus

fertilizer overuse.
Ham, Crooked and Netta Lakes: 1,360 acres in agricultural area treatment.

Sand Creek Evaluation: The Sand Creek subwatershed has a low priority
because it falls below the priority pollutant guidelines.

Suggested management needs: No additional management practices.

14. Cottage Grove. A secondary priority is
recommended for this watershed because
it does not currently exceed priority
pollutant guidelines.

~UILeS
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Area
(~ .. mi.) TSS

2.0 0.02Cottage Grove 37.1 22

COD

38

TP

0.33

TN Pb

Evaluation: The Cottage Grove watershed currently does not appear to have
a water quality problem, but the likelihood of increased urbanization in
the next 20 years points to the importance of preparing a good storm water
plan.

Suggested management needs:

- No additional management practices at this time.
- Comprehensive storm water management for developing area.

15. Cottage Grove Ravine. A secondary
priority is recommended for this
watershed.

~MIL£a

Area
(~. mi.) TSS

Cottage Grove Ravine 33.1 37

COD

7

TP

0.1

TN

0.7

Evaluation: This watershed is variable in land use, with the northern part
undergoing urbanization and the southern part largely rural. Channel
erosion in the lower end of this basin appears to be a problem caused by
upstream runoff from agriculture and new development. Reduction of runoff
from the urban and rural portions of the watershed could help mitigate the
channel erosion problem.

Suggested management needs:

- 4,400 acres in cropland conservation practices.
- Control of runoff from future development.
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16. Credit River. This watershed ;s recom­
mended for secondary priority because of
existing water quality problems and
future urbanization. The mouth is
located in the Lower Minnesota River
Watershed District.

rl'-------1'

L
~

~"'ILE'

Area
(~. mi.) TSS COD TP TN

Credit Ri ver 47.6 34 70 0.34 2.1

Evaluation: Credit River is a watershed in the beginning stages of
transition from rural in the upper portions to urban at the river's mouth.
Water quality problems are not currently severe, with the TSS level needing
only a 12-percent reduction to reach the gUideline. Management should
focus on upper watershed agricultural activity and lower watershed
urbanization. Priority Orchard Lake is located in the watershed, with an
inflow TP concentration of 0.45 mg/l.

Suggested management needs:

- 2,925 acres in cropland conservation practices.
- Comprehensive storm water management in the developing lower basin area.
- Orchard Lake: - 25 acres in cropland conservation practices.

- 225 acre-feet of water storage.

17. Crow River. The water quality problems
of this watershed lead to a secondary­
priority recommendation.

~YfLe..
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Area
(19.. mi.) TSS COD TP TN

Mainstem 41.9 71 141 0.77 14.9
Sarah Creek 8.6 98 38 0.63 5.9
Pioneer Creek 55.3 37 87 0.58 6.3
Lower South Fork 88.2 10 17 0.21 6.8
Winsted 8.7 16 84 0.30 6.5

Mainstem Evaluation: The mainstem of the Crow River covers a very small
area in the Region. The water quality data is quite inadequate, but the
quality of the river is determined more by outstate contributions than by
Metropolitan Area sources. Within the Region, pollutant contributions come
mostly from agricultural uses, particularly dairy operations with a large
number of animals. Row crops are raised to support the dairy animals.
Priority Lake Rebecca is located within this subwatershed; the Hennepin
Co. Park Reserve has noted that Lake Rebecca has poor water quality.
Specific recommendations are not made at this time, but attention in the
watershed plan should be placed on Rebecca.

Suggested management needs:

- 4,000 acres in cropland conservation practices.
- Lake Rebecca: No additional management practices, but watershed

attention should focus here.

Sarah Creek Evaluation: The Sarah Creek subwatershed is similar in land
use to the mainstem basin, with similar problems. Basin attention should
focus on TP because of high-priority Lake Sarah midway in the watershed.
Suggested management needs for the subwatershed combine the watershed and
the lake drainage basin.

Suggested management needs:

- 160 acres in cropland conservation practi~es.

- 930 acres in noncropland critical area treatment.

Pioneer Creek Evaluation: The Pioneer Creek subwatershed is again quite
similar in use to the previous two subwatersheds, but its problems are
reduced for TSS. Two "regionally important" lakes--Independence and
Whaletail--and one other priority lake--Little Long--are located in the
basin. Little Long needs no additional management, but the inflow to
Independence and Whaletail has a concentration of 0.6 mg/l TP, mostly from
agricultural activity. The Pioneer Creek Conservation Management District
is a joint-powers agreement operating in this basin.

Suggested management needs:

- 1,400 acres in cropland conservation practices.
- Little Long Lake: No additional management practices.
- Independence and Whaletail Lakes: - 280 acres in cropland conservation

practices.
- 150 acres in noncropland critical

area treatment. .
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Lower South Fork Evaluation: The Lower South Fork Crow subwatershed is
essentially all agriculture (dairy and support) and generally under
adequate protection. The water quality levels of the basin for the
priority pollutants are currently below the recommended guidelines.

Suggested management needs: No further management practices.

Winsted Evaluation: The Winsted .subwatershed was difficult to model
because of its small size, but indications seem to be that the TSS guide­
line is not exceeded, but the COD guideline is exceeded. Management
attention to address this reduction need should focus on critical cropland
management and animal access to streams.

Suggested management needs:

- 1,500 acres in cropland conservation practices.
- Fencing along erosive channels to keep animals out.

18. Elm Creek. This watershed is recommended
for critical priority because of its
poor quality discharge upstream from
Fridley and its likely future develop­
ment problems. Elm Creek Conservation
Commission is the existing watershed
management un it .

~WIU'

Elm Creek

Area
(~. mi.) TSS

104.9 26

COD

81

TP TN

0.43 8.0

Evaluation: The Elm Creek watershed is partially in transition from rural
to urban uses. The eastern part of the watershed (Maple Grove, Champlin)
is expected to undergo urbanization during the next 20 years. Because of
the potential threat to water quality from urbanization, specific attention
must be paid to minimizing runoff impacts from development; comprehensive
storm water management is essential. Problems in the western watershed
result from agricultural activity. The priority pollutant for the water­
shed is TP. because of the basin location upstream of Fridley. Priority
Lakes Fish and Weaver are located in the watershed. The Fish basin is
rapidly developing and appears to contribute a TP. concentration of 1.1 mg/l
to the lake; again, comprehensive storm water management is essential. The
Weaver Lake basin flow has an inflow concentration of 0.43 mg/l, predom­
inantly from agricultural activity•. The Weaver Lake basin is beginning to
urbanize and in need of storm water control also.
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Suggested management needs:

- Comprehensive storm water management for all urbanizing areas of the
watershed.

- 10,000 acres in cropland conservation practices, including 5,000 acres of
intensive treatment.

- Fish Lake: - Information program for homeowners.
- 160 acre-feet of water storage.
- Intensive housekeeping for area surrounding lake (leaf/

litter program; 80 curb-miles per year of priority sweeping).
- Weaver Lake: - 90 acres in cropland conservation practices.

- Information program for homeowners.

19. Gun Club Lake (GUN). This watershed is
recommended for secondary priority. It
is located partially within the Lower
Minnesota Watershed District.

\
L. r

L- ---l1 ,....-J

L-l

GUN

Area
(~.~.) TSS

35.1 9

COD TP

22 0.38

TN

1.1

Pb

0.01

Evaluation: This watershed is very similar to BLA in that it drains an
area undergoing rapid urbanization (Eagan, Apple Valley, Rosemount). Like
BLA, severe water quality problems do not currently exist, but caution must
be taken to plan properly for storm water management. An existing runoff
quantity problem occurs between several northern watershed communities and
should be addressed.

Suggested management needs: - No additional management practices, but a
comprehensive storm water management program
is essential while the area urbanizes; the
northern watershed problem should be
addressed by all affected communities.
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mouth is located in the Lower Minnesota
River Watershed District.
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Area
(.?.9.. mi ) ISS

Hazeltine-Bavaria 13.4 76

COD

77

TP

0.63

TN

2.7

Evaluation: This watershed is a small basin that is slowly urbanizing at
quite low densities. Like Bluff Creek, it discharges from an upland area
over the Minnesota River bluff, where channel erosion has occurred. Manage­
ment practices should focus on reduction of storm water from the uplands to
the bluff area to minimize erosion. Priority Lake Bavaria is located in
the far upper end of the basin. The TP inflow to Bavaria is 0.56 mg/l, and
management should focus on rural area runoff control.

Suggested management needs:

- 2,100 acres in cropland conservation practices.
- 900 acre-feet wetland and closed basin storage.
- Lake Bavaria: - 200 acres in cropland conservation practices.

- 35 acres in noncropland critical area treatment.

21. Lower Minnesota River (LMN). This water­
shed is recommended for secondary prior-
ity. It is located partially within the
Lower Minnesota River Watershed District.
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Area
(~ .. £!d..) TSS CCJtJ III III

LMN 26.4 77 58 0.65 3.9 0.01

Evaluation: Land use within the watershed varies from open space to highly
developed commercial (1-494 strip). Two subwatersheds--LML and LMN--are
combined for management analysis. Both subwatersheds contain portions of
the Minnesota river valley bluff, which i~ easily eroded. Major problems
in the watershed result from runoff from developed residential and long,
contiguous commercial strips. Particular attention is placed on the need
to redevelop the stadium site so storm water detention is provided to mini­
mize (perhaps reduce from current levels) off-site impacts.

Suggested management needs:

- Intensive housekeeping along the 1-494 corridor and in residential areas.
2,100 feet of channel stabilization along bluff lines.

- 240 acre-feet of water quality storage.
- Careful attention to minimizing storm water impacts as the area develops

and redevelops (stadium site).

22. Lower Mississippi River (LMS)~ This
watershed is recommended for secondary
priority.

I LOWER ...."-.

1
MISSISSIPPI

RIVER J
L., 1I I

"-----~

Major LMS
Southern

~"II,.£S

. Area
(~ .. mi.) ISS COD TP TN Pb

67.2 33 40 0.41 2.3 0.01
11.0 54 45 0.56 4.3

Major LMS Evaluation: The Major LMS subwatershed covers most of the total .
watershed. Land use varies from open space to highly urbanized and commer­
cial. About seven percent of the subwatershed drains to the South St. Paul
combined sewer system, but the basin COD level appears acceptable. The TSS
level needs only a slight reduction, and the nutrients are over the guide­
lines. A runoff quantity problem exists between communities in the
northern portion of the watershed.
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Suggested management needs:

- Intensive housekeeping in urbanized part of watershed (600 curb-miles
per year of priority sweeping; cleaning of 200 catch basins per year).

- Comprehensive storm water management in urbanizing area; specific
attention should be devoted to the quantity problem among several
northern watershed communities.

Southern Evaluation: The Southern subwatershed consists of two small
basins, both predominantly rural. This subwatershed is in a fairly erosive
area, however, so water quality values are quite high for TSS and the
nutrients.

Suggested management needs: 2,760 acres in cropland conservation practices.

23. Lower St. Croix River.
priority is recommended
numerous small channels
water quality problem.

A secondary
because of the
involved in the

l........,

~

0 6 10 15 20 MIU8

Area
(.?9.. mi . ) TSS COD TP TN

Afton 27.3 101 25 0.45 13.0
Basswood Grove 23.7 111 52 0.57 6.0

Afton Evaluation: The Afton subwatershed is generally rural, with its
major problem being channel erosion along the bluff descending to the St.
Croix River. This erosion results in a high overall watershed TSS concen­
tration. The recommended approach for this basin is to reduce discharges
to the erosive channels by instituting cropland control.

Suggested management needs:

- 2,250 acres in cropland conservation practices.
- 275 feet of channel stabilization.

Basswood Grove Evaluation: The Basswood Grove subwatershed is very similar
to the Afton subwatershed in the nature and extent of the problem, and in
the management approach required.
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Suggested management needs:

- 4,800 acres in cropland conservation practices.
- 675 feet of channel stabilization.

24. Marine on St. Croix (MSC) This water­
shed is recommended for secondary
priority status. i

MARINE.
ON

5T. CROIX

n

MSC

Evaluation:
charge from
problems do
fore, a lot

~MILE'

Area
(~. mi.) TSS COD TP TN

39.3 32 28 0.28 2.2

The MSC watershed is comprised of many small streams that dis­
the uplands into the St. Croix Valley. Serious water quality
not exist and no priority lakes occur in the watershed; there­
of attention is not required to meet quality guidelines.

Suggested management needs: 880 acres in cropland conservation practices.

25. Middle Minnesota River (MMN) .. This
watershed is recommended for secondary
priority. It is located partially
within the Lower Minnesota River Water­
shed District.

(see evaluation)

~ ...u.e.

GRA
MMN

Area
(~ .. mi.) TSS

3.7
2.0
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Evaluation: The MMN watershed is located almost entirely in the undevel­
oped Minnesota River floodplain and, as such, creates no water quality
problem.

Suggested management needs: No additional management practices.

26. Middle Mississippi River (MMS}. This
series of three basins is recommended
for critical priority because of its
water quality problems. The watershed is
located almost totally within Minneapolis.

Northern Evaluation: The Northern subwatershed (MMS-6) covers northwest
and north Minneapolis and is densely developed, with a portion of the
surface draining to the Minneapolis combined sewer system. All of the water
quality constituents indicated above exceed recommended guidelines
substantially.

Suggested management needs: Intensive housekeeping, particularly in com­
bined sewer areas (1,000 curb-miles per year
of priority sweeping; cleaning of 225 catch
basins per year).

Middle Evaluation: The Middle subwatershed (MMS-7) is in central Minnea­
polis and covers a substantial portion of the downtown area. About one­
quarter of the basin drains to the combined sewer system. The COD level is
in need of a 40-percent reduction, while the TSS level needs 75 percent; Pb
is,particularly high, at 0.12 mg/l. Management possibilities are severely
limited because of the built-up nature of the subwatershed.

Suggested management needs:
I

Intensive housekeeping, particularly in combined sewer area (300 curb­
miles per year of priority sweeping; cleaning of 100 catch basins per
year) •

- 420 acre-feet of water storage with emphasis on infi'ltration.

F-22



Southeastern Evaluation: The final subwatershed is the Southeastern basin
(MMS-8) located in southeast Minneapolis and covering a portion of the
Minneapolis-St. Paul International Airport. This subwatershed drains in
part to the lower Minnesota River. The watershed drains only about four
percent to the combined sewer system, and needs only a six-percent COD
reduction; the TSS level needs ~n 83-percent reduction for comparison. The
nutrients and Pb are similarly high.

Suggested management needs: Intensive housekeeping in urbanized
residential/commercial Minneapolis (30 curb­
miles per year of priority sweeping; cleaning
of 25 catch basins per year).

27. Minnehaha Creek. This watershed is
recommended for critical priority
because of its many (20) high-priority
lakes and its poor water quality.
Minnehaha Creek Watershed District is the
eXisting watershed management
organ izat ion.

i-I
~
i

~14ll,eS

Area
(~ •. mi.) TSS COD TP TN Pb

Upper 125.6 50 124 0.32 2.7 0.03
Lower 58.0 56 42 0.53 3.0 0.06

Upper Evaluation: The Upper Minnehaha subwatershed (Minn. 1-6) essentially
includes the entire drainage basin emptying to Lake Minnetonka. A substan­
tial part of the subwatershed is composed of standing water. There exists
within the basin seven "regionallY important" lakes--Minnetonka, Auburn,
Minnewashta, Zumbro, Stiegar, Parley and Schutz--and seven priority lakes-­
Pierson~ Christmas, Long, Langdon, Dutch, Waterman and Virginia. Because
so much of this subwatershed consists of priority lakes, the priority
pollutant is TP; the needed TP reduction is 69 percent determined for the
entire subwatershed. An existing watershed district has guided growth in
the past, and continued storm water management is essential as the basin
develops.

Suggested management needs:

- Comprehensive storm water management for urbanizing area.
- 25 square miles in cropland conservation practices in western part of

basin.
- 4,600 acre-feet of water quality storage, emphasizing wetlands and

possibly retrofitted into eXisting storage.
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Lower Evaluation: The Lower subwatershed has mixed land uses from
urbanizing to fully developed, dense urban. Almost 850 acres of combined
sewer area are located within the basin in Minneapolis, but the COD level
appears acceptable. The TSS level, however, needs a 46-percent reduction.
Small areas in the central and western part of the subwatershed are being
developed and the previous storm water control comments are appropriate.
The lower watershed also contains the II r egionally important II Chain of Lakes
(Cedar, Isles, Calhoun and Harriet) and Lake Nokomis. The TP inflow into
these lakes appears to be 0.56 mg/l. The watershed's suggested management
needs will undoubtedly be expensive so innovative storage and infiltration
techniques will need to replace usual surface storage techniques. In light
of the recently ordered cutback in street sweeping in Minneapolis, the
plan's suggested management needs encourage priority street sweeping for
lake tributary areas.

Suggested management needs:

Comprehensive storm water management in urbanizing area.
Intensive housekeeping with priority on lake watersheds (2,700 curb-miles
per year of priority sweeping; cleaning of 4,500 catch basins per year).

- 1,900 acre-feet of water storage, with emphasis on infiltration.
- Chain of Lakes: - Priority intensive housekeeping (2,640 curb-miles per

year of priority sweeping; cleaning of 5,000 catch
basins per year).

- 1,300 acre-feet of water storage with emphasis on
infiltration.

- Lake Nokomis: - Priority intensive housekeeping.
- 125 acre-feet of water storage, with emphasis on

infiltration (1,560 curb-miles per year priority
sweeping; cleaning of 3,000 catch basins per year).

"

28. Nine Mile Creek. This watershed is
recommended for secondary priority.
Nine Mile Creek Watershed District
is the existing watershed management
organization.

~WII.ES

Area
(.?.9.. mi.) TSS

32 0.7-6Nine Mile Creek 39.6 53

F-24

COD TP TN

3.8

Pb

0.05



Evaluation: The Nine Mile Creek watershed is an urban-urbanizing basin
that has had much of its growth guided by a watershed district, and as
such, has few serious problems. The existing problems in the basin are the
result of normal urban activities, and suggested management needs are
oriented toward these. Additionally, the watershed has three priority
lakes--Bryant, Bush and Glen. These lakes' watersheds are in varying
stages of urban development, but all can be categorized as urban area
lakes. The inflow into Bryant has a TP. concentration of 0.71 mg/l; Bush's,
2.0 mg/l; and Glen's, 0.71 mg/l TP.

Suggested management needs:

- 2,650 acre-feet of water quality storage, possibly retrofitted into
eXisting storage.

- Intensive housekeeping for the urban part of the watershed (800 curb­
miles per year of priority sweeping; cleaning of 2,000 catch basins per
year; leaf/litter program).

- Bryant Lake: - 700 acre-feet of predominantly wetland storage.
- Comprehensive storm water management for urbanizing area.

Bush Lake: Information program for lakeshore owners.
- 40 acre-feet of wetland storage.

- Glen Lake: - Information program for lakeshore owners.
- 60 acre-feet of water quality storage.

29. Purgatory Creek. This watershed is
recommended for secondary priority; it
contains three priority lakes within the
watershed. Riley-Purgatory Creek
Watershed District is the eXisting
watershed management organization.

\ r
~

~MILE8

Area
(~. mi.) TSS

32 0.22Purgatory Creek 30.6 13

COD TP TN

1.5

Pb

0.03

Evaluation: As with Nine Mile Creek, much of the development has occurred
under the guidance of a watershed district, and, as such, major problems do
not exist. The mainstem watershed TSS level is below the recommended guide­
line so further management strategies are not suggested. However, there
are three priority lakes in the watershed--Lotus, Staring and Mitchell--all
exceeding the TP guideline with an inflow value of 0.24 mg/l.
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Suggested management needs:

- No additional watershed management practices beyond those used by the
watershed district.

- Lotus Lake: - 270 acre-feet of water storage.
- Comprehensive storm water management for urbanizing area.

- Staring Lake: 1,300 acre-feet of water quality storage, possibly from
retrofitting eXisting storage.

- Mitchell Lake: - 500 acres of vacant/agricultural land treatment.
- Comprehensive storm water management for urbanizing area.

30. Ramsey-Washington Metro (RWM). This
watershed is recommended for critical
priority because of its water quality
problems. Ramsey-Washington Metro
Watershed District is the existing
watershed management organization.

~""Le.

Area
(.?.9.. mi.) TSS COD TP TN Pb ..

Northern 28.4 88 50 1.13 5.8 0.01
Southern 31.7 27 36 0.31 1.9 0.01

Northern Evaluation: About 85 percent of the northern subwatershed
discharges to the combined sewer system through Phalen Lake in St. Paul.
The COD level of this subwatershed appears acceptable at 50 mg/l, but the
TSS level needs reduction by 66 percent. The nutrient and Pb levels are
also quite high. "Regionally important II Phalen and Gervais Lakes occur in
the basin. The TP level discharging to the lakes is at 1.1 mg/l, a very
high concentration. Several communities are currently involved in
discussions on how to manage and pay for inflows into the combined sewer
system via Phalen Lake.

Suggested management needs:

- Intensive housekeeping in the urbanized area (600 curb-miles per year of
priority sweeping; cleaning of 100 catch basins).

- 400 acre-feet of wetland storage.
- 1,650 acre-feet of urban area storage, emphasizing infiltration.
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- Phalen and Gervais Lakes: - Priority housekeeping in areas immediately
tributary to lakes (600 curb-miles per year
of priority sweeping; cleaning of 50 catch
basins).

- Information program for homeowners in same
area.

- 350 acre-feet of water quality storage.
- Development of solution to Phalen Lake

overflow problem.

Southern Evaluation: A small part of the southern subwatershed drains to
Beaver Lake, which outlets into the St. Paul combined sewer system. The
dominant stream in this subwatershed is Battle Creek, which has been identi­
fied as the cause of the worst erosion problem in the Region. Because a
multi-million dollar project is under way on Battle Creek by the watershed
district and discussions between the communities discharging to Beaver Lake
are under way, no further management recommendations are made for this
basin. The watershed district has identified Fish Creek (south of Battle
Creek) as a problem area. Because of the conditions stated above, the
immediate priority should remain with Battle Creek, with Fish Creek to be
addressed later. Several communities are currently involved in discussion
on how to manage and pay for inflows into the combined sewer system via
Beaver Lake.

Suggested management needs: No additional management practices beyond
those used by the watershed district; Battle
Creek project should be completed and a solu­
tion to Beaver Lake overflow problem should be
pursued.

31. Rice Creek. This watershed is recom-
mended for critical priority because of
its many priority lakes and problems
meeting TP gUidelines. Rice Creek
Watershed District is the existing
watershed management organization.

I
d- .....-;'-----'~

~W1U.

Upper Rice
Lower Rice

Area
(3. mi.) TSS

147.4 46
42.7 64
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Upper Rice Evaluation: The Upper Rice Creek subwatershed contains eight of
the 13 lakes .u~ed to store and supply water to the St. Paul water supply
~ystem. Addltlonally, three multiple-recreation priority lakes are located
ln the far up~tre~m portio~ o~ the basin. Because essentially all of the
w~tershed dralns lnto a prlorlty lake, or drains downstream into a lower
Rlce Creek priority lake, individual lake evaluations are bypassed in favor
of a whole-watershed approach, designed to reduce the TP concentration of
0.32 mg/l. The lakes within the subwatershed are Clear Howard Columbus
Randeau, Peltier, Centerville, Otter, Bald Eagle (all eight are'for water'
supply), Sunset, Pine Tree and White Bear. Problems in this subwatershed
result from nutrients contained in runoff from agricultural activities and
from urban areas close to the priority lakes.

Suggested management needs:

- Intensive housekeeping for Centerville, Mahtomedi, Willernie, Birchwood,
White Bear Lake and Dellwood (leaf/litter program; 200 curb-miles per
year of priority sweeping). "

- 6,100 acres in cropland conservation practices.
- 4,300 acre-feet of wetland and artificial storage.
- 8,700 acres in noncropland rural critical area treatment.

Lower Rice Evaluation: The Lower Rice Creek subwatershed is a unique
situation. A multimillion-dollar Clean Lake (Section 314) grant has been
under way for several years on the area directly tributary to Long Lake.
This remedial program addresses most of the identified problems on the main
creek channel and three of the four priority lakes within the subwater­
shed. As such, no further suggested management needs will be made for the
subwatershed or the three lakes (Long, Johanna, Josephine). Turtle Lake is
not directly addressed in the project, and therefore is addressed in the
suggested management need for reducing its inflow TP level of 0.62 mg/l.

Suggested management needs:

- Lower subwatershed should have no additional management practices beyond
those associated with the Long Lake 'project and those used by the water­
shed district.

- Turtle Lake: - Information program for homeowners.
- Intensive housekeeping in urban area.
- 90 acre-feet of water storaqe.

32. Riley Creek. This watershed is recom-
mended for high-priority lake attention
because it contains three priority
lakes; almost the entire watershed is
covered by the priority lakes. Riley­
Purgatory Creek Watershed District is
the eXisting watershed management
or,ganization.
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Area
(~ •. mi.) TSS

1.8 11.8Riley Creek 10.0 134

COD

163

TP TN

Evaluation: The Riley Creek watershed is another watershed undergoing
development, but in a somewhat reduced manner. This watershed was not
recommended for critical status because the problems of the watershed
related to the priority lakes are to receive accelerated efforts. The
focus of management, then, will be on reducing the TP concentration from
agricultural and developing areas. The three priority lakes in the
watershed are Riley, Ann and Lucy.

Suggested management needs:

- 1,100 acres in cropland conservation practices.
- 200 acre-feet of water storage.
- 340 acres in noncropland critical area treatment.
- Comprehensive storm water management in the urbanizing areas.

33. Robert's Creek. This watershed is
recommended for secondary priority.

I

J
I
~
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Robert1s Creek

Area
(~ •. mi.) TSS

11.6 30

COD

16

TP TN

0.20 1.4

Evaluation: Effective agricultural management in the watershed has
eliminated the need for further efforts to meet the TSS and COD recommended
gUidelines.

Suggested management needs: No additional management practices.
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34. Rum River. This watershed is recom­
mended for critical priority because
large parts of it discharge poor quality
water upstream of the Minneapolis and
St. Paul water supply intakes. Specific
attention should be placed on this lower
portion.

Cedar Creek Evaluation: The Cedar Creek subwatershed is a predominantly
rural basin, with flows going through the Anoka sand plain. The low TSS ..
value and high solubles (COD, TP, TN) indicate low-erosion, high­
infiltration/subsurface flow typical of agriculture from this area. Manage­
ment to minimize this type of nonpoint pollution is difficult. Good agri­
cultural management is the only feasible treatment method.

Suggested management needs:

- 560 acres in cropland conservation practices.
- Careful attention to chemical application practices.

Ford Brook Evaluation: The Ford Brook subwatershed is similar to Cedar
Creek in its character and problems, as well as management approach. East
Twin Lake is a priority lake with a watershed TP inflow value of 1.0 mg/l.

Suggested management needs:

- 2,900 Acres in cropland conservation practices.
- Careful attention to chemical application practices.
- East Twin Lake: - 40 acres in cropland conservation practices.

- 24 acres in noncropland critical area treatment.

Lower Rum Evaluation: The priority problems of the watershed largely
result from the Lower Rum subwatershed and management should focus here.
Attention in the lower basin area will focus on Pb for the urbanized area
of Anoka and on TSS from the rapidly urbanizing areas·of Andover and
Ramsey. Particular attention should be paid to minimize the runoff impact
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of the rapidly developing area. The rural portion of the basin is exten­
sive; emphasis here should be on TP because of the discharge upstream of
Fridley. The high-priority Lake George is located in the rural area, but
suggested management needs are not made because of no apparent problems and
the 1982 Clean Lakes study to be undertaken.

Suggested management needs:

Urban area: - Intensive housekeeping for city of Anoka (leaf/litter pro­
gram; 400 curb-miles per year priority sweeping).

- 375 acre-feet of water storage.
- Minimization of storm water impact from developing area.

Rural area: - 950 acres in cropland conservation practices.
- 1,570 acres in noncropland critical area treatment.
- 1,220 acre-feet of water storage.

Lake George: No additional management practices until completion of
Section 314 study.

Seelye Brook Evaluation: The Seelye Brook subwatershed is a very small
basin located only partially within the Region. The water quality modeling
results attribute very high pollution levels to this basin. Suggested
management needs focus on the critical cropland of the subwatershed.

Suggested management needs: 300 acres in cropland conservation practices.

35. St. Paul-Ramsey. This watershed is recom­
mended for critical priority because
of health-related lakes and generally
poor water quality.

~
I
~

r---'
I

~UILe.

Area
C~9.. mi . ) TSS COD TP TN Pb.

Northern 33.6 14 68 .34 2.4 0.03
Southern 40.0 80 52 .53 5.4 0.06

Northern Evaluation: The priority pollutant in this subwatershed is TP
because of the high number of priority lakes within it. The St. Paul water
supply lakes are Deep, Charley, Pleasant, Sucker and Vadnais; Wabasso Lake
is a high-priority lake because it has been identified as a lake of excep­
tional quality; finally, Owasso and Snail are "regionally important,"
multiple-recreation lakes. Management of this basin is complicated by the
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fact that water diverted from the Mississippi River at Fridley is dis­
charged into Charley Lake for the St. Paul water supply system, and water­
shed discharge occurs through the Vadnais Lake conduit to the McCarron's
supply system treatment plant. Management of the watershed coincides with
management of the lakes because of the number of priority lakes. The
suggested management needs include those made for the Mississippi River
upstream from Fridley.

Suggested management needs:

- Information program for homeowners around priority lakes;
- 1,575 acre-feet of water storage in developing southwest portion of basin.
- 1,060 acre-feet of storage in agricultural/vacant part of basin.
- 950 acre-feet of storage from the urbanized part of the basin.
- Comprehensive storm water management in urbanizing part of basin.

Southern Evaluation: The Southern subwatershed is quite densely developed
and does include discharge into the combined sewer systems of St. Paul and
Minneapolis. The COD level of this watershed appears to be acceptable, but
the TSS level needs reduction by 64 percent. Management practice options
are fairly limited because of the dense development. Several communities
are'currently involved in discussions on how to manage and pay for inflows
into the combined sewer system via Como and McCarron's Lakes.

Suggested management needs:

- Intensive housekeeping in urban area (3,900 curb-miles per year priority
sweeping; cleaning of 650 catch basins per year).

- 1,625 acre-feet of storage with emphasis on infiltration.
- Development of solution to lakes overflow problem.

36. Sand Creek. This watershed is recom­
mended for secondary priority.

~WIL.E'

Sand Creek

Area
(~ .. mi.) TSS

165.4 7
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Evaluation: The Sand Creek watershed is essentially all rural and
apparently has quite good quality. The TSS and COD levels need no
reduction to meet the recommended gUidelines. The numerous subwatersheds
in this large watershed should be individually addressed in the watershed
planning stage. The local soil and water conservation district has pointed
out the need for programs for feedlots and erosion-prone lands. There are,
however, two priority lakes--Cedar and McMahon--in the watershed. Cedar
Lake is "reg ionally important,1I but is unfortunately of quite poor quality
because of its shallowness. Both .McMahon and Cedar Lakes have watersheds
that contribute a level of 0.12 mg/l TP, only slightly above the guideline.

Suggested management needs:

- EXisting watershed management practices, plus specific attention on
feedlots and erosion-prone land.

- Cedar Lake: 260 acres in cropland conservation practices.
McMahon Lake: 55 acres in cropland conservation practices.

37. Shakopee. This watershed is recom-
mended for critical priority because
of the water quality problems and
priority lakes.

Shakopee

~"'I"I'

Area
(~..JDi. ) TSS COD TP TN Pb

52.1 84 107 0.73 13 0.01

Shakopee Evaluation: The Shakopee watershed is a wide basin discharging to
the Minnesota River from many small streams. Land use within the basin
varies from rural to fully urbanized to open space with a fair amount of
urbanization under way. Two priority lakes--O'Dowd and Thole--are in the
watershed. Each of these lakes has an inflow TP value of 0.8 mg/l. This
watershed might at times be impacted by high water discharges from Prior
Lake.
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Suggested management needs:

I
I
Ir

.----J
l'

~MILel

Area
C~' mi.) TSS COD TP TN Pb .

16.3 30 45 0.32 2.3 0.03
29.1 96 92 0.83 4.9 0.09

Upper Shingle
Lower Shingle

- 5,900 acres in cropland conservation practices.
- Intensive housekeeping for Shakopee and Savage Hwy. 13 commercial

corridor.
- 775 acre-feet of water storage.
- 3,400 acres in noncropland critical area treatment.
- Comprehensive storm water management in developing area.
- O'Dowd and Thole Lakes: 350 acres each of cropland conservation

practices and noncropland critical area treatment.

38. Shingle Creek. This watershed is recom­
mended for critical priority because of
the water quality problems specifically
in the Lower Shingle subwatershed.

Upper Shingle Evaluation: The Upper Shingle Creek subwatershed is an area
where severe water quality problems currently do not exist, but where
potential degradation is high because of urbanization. The TSS level is
currently at the recommended guideline and, consequently, no additional
management practices are recommended at this time. It is emphasized,
however, that strict attention be paid to storm water management as this
area continues its urbanization to largely residential uses. Additionally,
one "r egionally important ll and one priority lake, Eagle and B.ass, respec­
tively, are located in this subwatershed. Both lakes are in an area
undergoing urbanization and therefore need good storm water management to
gUide development. Both Eagle and Bass have inflow at 0.36 mg/l TP.

Suggested management needs:

- Comprehensive storm water management for the entire subwatershed as it
develops further.

- Eagle Lake: 200 acre-feet of wetland storage.
- Bass Lake: 330 acre-feet of wetland storage.
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Lower Shingle Evaluation: The Lower Shingle Creek subwatershed differs
markedly from the upper portion. This subwatershed is fully urbanized,
with parts of the extreme lower portion (Minneapolis) discharging to the
combined sewer system. Because of this combined sewer discharge, the
priority pollutant for the subwatershed is chemical oxygen demand (COD).
The COD level in the basin needs a 45-percent reduction. For comparison
purposes, the TSS level would have to be reduced by 69 percent. Management
recommendations focus on housekeeping because of the large amount of imper­
vious surface, and storage that emphasizes infiltration. The infiltration
recommendation could include infiltration swales in parking areas, ponds
with pervious bottoms and perforated outlet piping, seepage areas or numer­
ous other possibilities that would minimize runoff. This subwatershed also
includes the priority Twin Lakes basin, which has an inflow of 0.17 mg/l TP.

Suggested management needs:

- Intensive housekeeping for urban area (2,700 curb-miles per year
priority sweeping; cleaning of 4,500 catch basins per year).

- 860 acre-feet of water storage, with emphasis on infiltration.
Twin Lakes: Information program for watershed homeowners.

- Intensive housekeeping for areas directly tributary to the
lake (360 curb-miles per year of priority sweeping).

InInI .....'-....,, ,-

~ \
SPRING LAKE - P~R LAKE r
~

Spring Lake-Prior lake. This watershed
is recommended for critical priority
because of its poor water quality and
two "reg ionally important" lakes. Prior
Lake-Spring Lake Watershed District is
the eXisting watershed management
organization.

39.

~WILE'

Area
(~. mi.) TSS COD TP TN Pb

Spri ng Lake 22.0 80 338 2.90 17.0
Prior Lake 7.7 51 101 0.94 4.1 0.03

Spring Lake Evaluation: The Spring Lake subwatershed drains agricultural
land, except for the residential land immediately surrounding the lake
itself. The focus for the watershed is reduction of TR because the entire
watershed drains to the lake. There appears to be a need for a 97-percent
TPreduction, a very high reduction figure. Management should focus on
agricultural activities and on the lakeshore owners. The watershed and the
priority Spring Lake basin are addressed together because the lake is at
the terminus of the subwatershed.
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Suggested management needs:

- 1,640 acres in cropland conservation practices.
- 5,900 acres in noncropland critical area treatment.
- Information program for lakeshore owners.
- Adapting the watershed district's detention pond to meet water quality

needs to a greater extent.

Prior Lake Evaluation: The Prior Lake subwatershed receives direct runoff
from the urbanizing area surrounding the lake, as well as the discharge
from the Spring Lake subwatershed. As with the Spring Lake subwatershed,
the management recommendations for the Prior Lake watershed and the
regionally important Prior Lake are the same because Prior Lake is at the
terminus of the subwatershed. Management focuses on the urban and urban­
izing activities occurring in the basin. Problems have been minimized to a
degree in the recent past by the activities of a watershed district for
both Spring and Prior Lakes. An additional note: A new Prior Lake outfall
is being installed by the watershed district to discharge high water from
the lake northwestward through Shakopee to the Minnesota River. For this
reason, the Shakopee watershed might at times be impacted by discharges
from the Prior Lake watershed.

Suggested management needs:

- Intensive housekeeping in urbanized area (112 curb-miles per year of
priority sweeping; 1,100 catch basins cleaned per year; leaf/litter
program) .

- Information program for watershed residents.
- 375 acre-feet of water quality storage, possibly retrofitted on existing

storage.
- Comprehensive storm water management for developing area.

40. Sunrise River. This watershed is recom­
mended for secondary priority because
its greatest problems wi 1.1 be addressed
through the priority lakes.

~MtLl"

South Branch
West Branch

Area
(~ •. mi. ) TS.S

69.3 161
30.7 145
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Suggested management needs:

- 1,160 acres in cropland tillage
- Linwood, Martin, Island chain:

South Branch Evaluation: The South Branch subwatershed is a predominantly
rural watershed with some areas urbanized around lakes, particularly Forest
Lake. The most serious problems of the watershed relate to the three high­
priority lakes--Forest, Coon and Bone. The watershed concentrations are
surprisingly high and are suspected to have been artificially skewed by the
water quality model.

Suggested management needs:

- 5,000 acres in cropland conservation practices.
- 2,160 acres in noncropland critical area treatment.
- 4,050 acre-feet of wetland storage.

Forest Lake: - Intensive housekeeping in city of Forest Lake (800 resi­
dential curb-miles per year; 520 commercial/industrial
curb-miles per year).

- 245 acres in cropland conservation practices.
- 200 acre-feet of wetland storage.

- Coon Lake: - Information program for homeowners.
- Leaf/litter program.

260 acre-feet of wetland storage.
- Bone Lake: - 475 acres in cropland conservation practices.

- 450 acre-feet of wetland storage.

West Branch Evaluation: Water quality values of the West Branch subwater­
shed were very high, possibly due to model skewing because of the three
priority lakes (Linwood, Martin and Island) in a chain. As with the South
.Branch, the major water quality problem is with the priority lakes because
of their location within the basin.

treatment.
210 acres in cropland conservation
practices.

- 490 acres noncropland critical area
treatment.

41. Upp(:'lr Mississippi River (UMS). This
series of four basins is recommended for
critical priority because of its water
quality problems occurring upstream of
the Fridley intakes.
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Suggested management needs:

Area
(~ •. mi. ) TS,S COD TP TN Pb

Anoka 6.9 123 92 1.13 6.6 0.10
Coon Rapids 9 9 78 66 0.93 5.2 0.04
Osseo 33.7 66 66 0.80 5.8 0.14
Upper 16.5 26 44 0.54 3.1 0.04

Anoka Evaluation: The Anoka (Rum 7) is predominantly developed, and as
such, is analyzed for lead (Pb) as a priority pollutant. The Pb. level for
this basin needs a 50-percent reduction to meet the guidelines for a health­
related watershed. The other four pollutants used for the evaluation also
greatly exceed the recommended guidelines.

Intensive housekeeping for Anoka and Coon
Rapids (covered in Coon Creek and Rum River
sections).

Coon Rapids Evaluation: The Coon Rapids subwatershed (UMS 4-5) covers
parts of Blaine, Coon Rapids, Spring Lake Park and Fridley. The area is
urbanized and above the water intakes, but the Pb level appears accept­
able. The secondary pollutant (TP), however, is in need of an 89-percent
reduction.

Suggested management needs:

- Intensive housekeeping in urbanized area (300 curb-miles per year of
priority sweeping; leaf/litter program).

- 900 acre-feet of water quality storage.

Osseo Evaluation: The Osseo subwatershed (UMS 3) is the largest subwater­
shed, draining an area that is not yet urbanized but should be within the
next 20 years, as well as several urbani?ed communities in southern Anoka
County. Comprehensive storm water management is essential as the area
urbanizes. The Pb value of 0.14 mg/l is quite high and is likely a reflec­
tion of urbanization and the transportation corridor adjacent to the river.

Suggested management needs:

- Intensive housekeeping (776 curb-miles per year; leaf/litter program;
cleaning of 100 catch basins).

- 725 acre-feet of wetland storage.

Upper Evaluation: The Upper subwatershed (UMS 1-2) consists principally of
the transportation corridor along both sides of the river. Pb, TP and TN
all exceed the guidelines, with priority attention going to Pb.

Suggested management needs: 1,100 acre-feet of wetland storage along
transportation corridors.
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42.& 43. Valley Branch and Middle St. Croix
River. The water quality levels
of these combined watersheds lead
to a recommendation for secondary
priority. Valley Branch Watershed
District is the existing watershed
management unit for Valley Branch
portion.

I
1 !,,---'L-J

. Area
(~ •. mi.) TS.S

Valley and Mid-St. Croix 73.6 48

COD TP

41 0.25

TN Pb ..

2.2 0.01

Evaluation: These two secondary watersheds are combined for evalua-
,tion because data was collected for one larger watershed, the
Stillwater basin. This watershed is quite diverse in nature, with
several urbanizing areas, a stable, fully developed area, and large
tracts of agricultural land. The watershed is typified by several
internally drained subbasins, drainage difficulties and small streams
discharging directly to the St. Croix River. The high TSS value
results from agricultural activity and new construction. The Valley
Branch Watershed District has identified in its mainstem plan several
large-scale runoff control projects costing several million dollars
over many years. The water quality improvements recommended could be
possible from these projects. The Valley Branch watershed also con­
tains four priority lakes--DeMontreville, Elmo, Jane and Olson--one of
which (Elmo) is a II regionally important ll lake; all four lakes have an
inflow TP concentration of 0.83 mg/l. The Tri-Lakes (DeMontreville,
Jane and Olson) watershed is combined to evaluate TP reduction needs.
Major attention in the combined Valley Branch-Middle St. Croix
watershed must be directed at minimizing storm water impact as the
area develops.

Suggested management needs:

- Storm water management in urbanizing area.
- 4,700 acres in cropland conservation practices.
- Intensive housekeeping in urban area along St. Croix River.
- 860 acre-feet of wetland and closed-basin storage.
- Tri-Lakes: - Storm water management in urbanizing area.

- 75 acres in cropland conservation practices.
- 150 acre-feet of water quality storage.*

- Elmo: - Storm water management in urbanizing areas.
- 50 acres in cropland conservation practices.
- 92 acre-feet of water quality storage.

*Possibly obtained by retrofitting existing quantity-oriented storage
areas. F-39



44. Vermillion River. The Vermillion River
is one of the Region's critical water-
sheds because it greatly exceeds the TSS
recommended quality gUideline of 30 mg/l
for all three subwatersheds. Attention
should be focused on the North Branch.

l
~hlll.l'

North Branch
Mainstem
Hardwood Creek

Area
(~ .. mi. ) TSS

58.7 104
186.3 64
81. 2 142

COD TP

77 0.46
53 0.34
59 0.76

TN

13.1
7.3
5.2

North Branch Evaluation: Rural land uses currently predominate in the
North' Branch subwatershed, but the north and west portions of the basin are
urbanizing. Agriculture and new urban development have led to a high TSS,
COD and nutrient load. Suggested management needs focus on reducing
agricultural runoff and providing storage of urban runoff so this water can
be slowed down and infiltrated. This subwatershed should be the focus of
management attention because of the rapid urbanization.

Suggested management needs:

- 6,000 acres in cropland conservation practices.
- 3,000 acres in noncropland critical area treatment.
- 500 acre-feet of urban-area storage in closed basins or wetlands.

Mainstem Evaluation: The Mainstem Vermillion is a primarily agricultural
subwatershed, undergoing urbanization principally in the far northwestern
part of the basin. It is experiencing periodic flooding problems in urban
Hastings. Wetlands and standing water are very scarce, and irrigation is
commonly used to supplement soil moisture. Cash-cropping is the dominant
agricultural activity. Such activity leads to sediment generation as a
priority problem, along with the solubles and fine particulate problems
associated with agricultural runoff, as discussed previously. The Mainstem
subwatershed also contains two of the 100 priority lakes--Marion and
Crystal--that have inflow concentrations of 1.25 mg/l TP. Marion Lake's
problems result from rural and urban runoff. Crystal's result from its
urbanized watershed.
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Suggested management needs:

- 18,000 acres in cropland conservation practices.
- 7,100 acres in noncropland critical area treatment.
- Marion Lake: - 325 acres in conservation practices.

- 230 acres innoncropland critical area treatment.
- Crystal Lake: - Information program for homeowners.

- 115 acre-feet of wetland detention storage.

Hardwood Creek Evaluation: Hardwood Creek subwatershed is similar to the
Mainstem subwatershed in agricultural activity and associated problems.
The major individual problem in the basin occurs at Etter, where extreme
channel erosion has occurred from upstream runoff. There are no suggested
management needs beyond the housing relocations currently under way.

Suggested management needs: 5,200 acres in cropland conservation practices.
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Appendix G
ROAD SALT/ANTI-SKID ANALYSIS FROM SEVERAL APPLICATORS
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ROAD SALT/ANTI-SKID AGENT SAMPLES

A substudy was done in the 208 program to see what kind of pollutants were
introduced to runoff as a result of road salt/anti-skid agents that are applied
during the winter. The data are quite rough and should be used only in an
evaluative sense.

Method. A five-pound sample of road salt mixed with sand was randomly col­
lected from the storage facilities of five communities, Hennepin County and the
Minnesota Department of Transportation (MnDOT). In addition, a straight sand
and a straight salt sample were collected from the Hennepin County stockpile.
The sand-to-salt ratios for the mixes were:

Brooklyn Park 2:1
Golden Valley 5:1
Eden Prairie 10:1
Crystal 10:1
Hennepin County Highway Department 20:1
Cottage Grove 6:1
MnDOT 2:1

Two hundred grams (g) of each of the mixtures and the straight sand and 40g of
the straight salt were each placed in two liters of distilled water and
agitated for approximately two minutes. The 200g sample was composed mostly of
very coarse-grained sand that settled almost immediately; the 40g of salt
dissolved nearly 100 percent after two minutes.

The first sample was taken 10 cm from the surface after 30 seconds, and the
second sample was taken 5 cm from the surface at 3:52 minutes. These depths
and times at the temperature recorded show the sand split and the silt split,
respectively, based on Stokes Law (see Appendix I). Analyses were then run on
the split samples for Zn, Pb, TSS, VSS, TP ~nd TKN (see Appendix A).

Results and Discussion. The results of the chemical and physical tests for
the sampled road salt/anti-skid agents are listed in Table G-1. The 200g level
for solids was chosen to match the concentration actually seen in runoff from
highways and road surfaces. The mixtures collected were obviously such a large
percentage of coarse sand that it was believed that to properly synthesize
field concentrations of suspended solids as actually sampled, a large mass of
the mixture would be needed. The 40g of salt was selected to represent the
sand:salt mixture of 5:1 without the solids interference. The qualitative
scenario that can then be drawn from the data in Table G-1 is that these data
represent the fine-grained pollutants that are likely to migrate in snowmelt or
early spring runoff from street surfaces. The TSS values in Table G-1 are very
close to those actually observed in such runoff events (Table 6 in text).
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Table G-1
RESULTS OF ANALYSIS FOR ROAD SALT/ANTI-SKID AGENTS

Time
Settled

Sand:Salt (min.:sec.)

.08 .31 642 34 .53 .34

.07 .32 406 24 .41 .32

.10 .25 895 44 .62 .30

.08 .25 582 52 .24 .34

.13 .03 3036 58 .17 .24

.09 .12 992 52 .10 .04

.08 .10 890 58 .80 .20

.06 .12 638 56 .38 .32

.05 .02 640 36 .43 .20

.04 .02 376 32 .30 .26

.12 .12 1688 98 .15 .20

.10 .11 1106 96 .08 .14

.04 .01 426 32 .24 .16

.03 .01 256 22 .23 .30

.11 .22 1016 58 .07 .12

.09 .20 612 58 .04 .08

.01 .16

Sample

Brook 1yn Park

Golden Valley

Cottage Grove

Eden Prairie

Crystal

Hennepin County
Highway Dept.

Hennepin County
Highway Dept.

Mn/DOT

Hennepin County
Highway Dept.

2:1

5:1

6:1

10:1

10:1

20:1

A11 sand

2:1

All salt

0:30
3:52

0:30
3:52

0:30
3:52

0:30
3:52

0:30
3:52

0:30
3:52

0:30
3:52

0:30
3:52

0:30
3:52

Zn Pb

.03 .36

TSS VSS TP TKN

Several observations can be made by looking at the data in Table G1. The TSS
levels are dependent on the borrow material used rather than on the ratio of
sand:salt mixed. Physical observation of clarity after agitation showed quite
readily that the Cottage Grove "sand" was very high in silt and clay, and
Hennepin County straight sand was low. The Hennepin County sample, however,
probably had increased clarity because of lack of colloidal interference from
salt. The fines are roughly 60 percent clay and 40 percent silt (as shown in
the settling splits), except for Cottage Grove, which is about 70 percent
silt. Finally, the suspended solids are primarily inert, with VSS in the 2-9
percent range of TSS. The solids figures clearly show that a very small part
of the anti-skid solids applied to a street will likely migrate very far and
should readily settle in any nearby detention facility, including a wetland, a
lake or a stream channel.

The TKN values in Table G1 generally fall quite low relative to the concentra­
tion values seen for TKN in runoff from urban surfaces (Table 6 in the text and
USGS Basic Data Report). Typical TKN values of snowmelt and early spring
runoff from urban streets are in the 1.0 - 5.0 mg/l range, while the anti-skid
agent levels in Table G1 are all less than 0.34 mg/l. The TP concentrations,
on the other hand, are very high relative to urban street runoff. Typical TP

G-3



concentrations at urban storm sewer sites are in the 0.1-1.0 mg/l range. The
TP values in Table G1 fall directly in this range and therefore could contrib­
ute substantially to the total phosphorus load coming from street surfaces. A
key to the source of this TP is in the Hennepin County Highway Department
straight sand analysis, which shows a TP concentration of about 0.24 mg/l for
the fines portion. Bioavailability of this phosphorus is not known.

Lead and zinc ranges in snowmelt and early spring runoff are generally 0.1­
0.5 mg/l and 0.05-0.2 mg/l, respectively. The ranges in areas with high
traffic values are 0.5-1.0 mg/l Pb and 0.5-0.7 mg/l In (Table 6 in text; and
USGS Basic Data Report). Again, it appears that a fair portion of the Pb load
and a little less of the In load might come from the material added to the
street. A possible source of the metals found is seen in the Hennepin County
Highway Department straight salt (Table G-1) which contains 0.36 mg/l Pb and
0.03 mg/l In.

Although these data do indicate some preliminary findings relative to salt and
anti-skid agents, caution should be used in drawing conclusions. The data are
fairly limited, representing a one-time effort for evaluative purposes. One
must keep in mind that the salt/anti-skid agents are applied usually once or
twice during a storm, while automobiles and trucks continually traverse the
roadways.

From a management standpoint, however, it seems very apparent that judicious
use of these materials is warranted. The data presented do not merit massive
curtailments in road salting/sanding operations, but do suggest programs that
minimize "precautionary" salting, maximize equipment maintenance, and provide
for proper materials storage. The very high pollutant levels seen in runoff
during early spring rains also suggests street cleaning as soon as possible
after snowmelt, particularly in watersheds immediately tributary to lakes.
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IMPACT OF WETLANDS ON WATERSHED WATER QUALITY

G. L. OBERTS1

ABSTRACT

A nonpoint source water quality sampling study was conducted on six
rural and 11 urban watersheds in the Minneapolis-St. Paul Metropolitan
Area (2,968 square miles). Wetland occurrence was one principle
watershed selection criterion because wetlands were expected to playa
major role in determination of watershed water quality. Regionally,
wetlands compose approximately 7.4 percent of the total seven-county
area; wetland percentages in the sampled watersheds vary from 4.8 to
1~.3 in the rural basins and from 0 to 14.5 in the urban basins.
Results of the water quality monitoring show that wetlands occurrence
relates to the annual watershed loads for several sampled constitu­
ents. Multiple regression statistical modeling of the sampled
watersheds yields significant relationships when various combinations
of wetland-related watershed factors are evaluated.

INTRODUCTION

A nonpoint source water quality sampling program was undertaken as
part of a Section 208 (Public Law 95-217) Water Quality Management
Program. Six rural and four urban receiving streams as well as seven
subwatersheds within the four urban basins, were monitored during the
entire calendar year 1980. The major objective of the program was to
sample a sufficient quantity of runoff events to adequately determine
the impact of nonpoint sources on receiving streams and lakes in 1980.

It was expected that the degree of wetland occurrence within a
watershed would be a major determinant of water quality. Because the
Metropolitan Area surface is composed of approximately 7.4 percent
wetlands, watersheds with variable wetland content were easy to select,
and wetland content was one of the major criteria for watershed selec­
tion. If wetlands are found to be a significant factor in improving
the quality of runoff, then they would be recommended as non structural
management practice for treatment or handling of runoff. However,
knowledge of wetland behavior and long-term reaction to high loads is
needed before widespread use of wetlands for water quality management
can be recommended.

METHODS

From 15 to 30 snowmelt and rainfall events, in addition to baseline
samples, were collected at each of the 17 sites. The 12 watersheds
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that responded quickly to runoff were equipped with Manning automatic
water samplers (model S-4050, adapted for one-liter samples). Each
station was equipped with U.S. Geological Survey (USGS) stage recording
equipment and set to record every 5 or 15 minutes, depending on
watershed response. Finally, each station had on-site or nearby a
tipping-bucket rainfall gage (sensitive to 0.01 inch) with recorder,
and a bulk precipitation gage for calibration. Sampling sites were
maintained and field data were collected by USGS personnel.

Laboratory analysis of up to 35 chemical, biological or physical
constituents for each sampling event was done by the Metropolitan Waste
Control Commission water quality laboratory. A quality assurance pro­
gram was concurrently undertaken with the USGS water quality laboratory
in Atlanta, Georgia. The data management system was a highly modified
version of the system available through the Urban Hydroloogy Program of
USGS; the modified system allowed for analysis of over 16,000 pieces of
water quality information, plus continuous flow and precipitation
data. The system modification was done by project personnel.

Watershed basin characteristics including wetland area were deter­
mined for each watershed in the Region from available topographic and
land use maps, and from a rural area survey of agricultural use/
management done under contract by the Association of Metropolitan Soil
and Water Conservation Districts. Approximately 30 characteristics
were gathered for each basin. Further details on the nature of the
study can be found in Ayers et al., 1980.

RESULTS AND DISCUSSION

1980 Water Quality Loads

The 1980 watershed loads, in pourrds per acre, for the 17 watersheds
are contained in Table 1. Following are brief descriptions of the
sampled watersheds:

Bevens Creek dairy and support agriculture; wetlands mostly in
upper watershed.

Carver Creek - same agriculture as Bevens Creek; wetlands
throughout watershed.

Credit River - cash crop agriculture with mixed open space;
moderate wetlands.

Elm Creek - in transition from agriculture to low density urban;
many wetlands.

Raven Stream - dairy and support activities; moderate wetlands.
So. Branch Vermillion River - cash crop agriculture, highly

irrigated; few wetlands.
Bassett Creek - urban tributary; changes from low-density to high­

density urban.
Shingle Creek - urban tributary; changes similar to Bassett Creek

but slightly less dense.
Purgatory Creek - rapidly urbanizing; site just downstream from

small lake.
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Table 1
1980 WATERSHED LOADS AND PERCENTAGE WETLAND

IN SAMPLED WATERSHEDS

Wetland Load (1 b/acre)
A~e~ Percent Runoff ~

Site ml. (water) TSS COD TKN NN TP Pb in.

Bevens Creek 82.9 5.2 (0.8) 18.8 31.6 1.44 1.23 0.33 1.86

Carver Creek 65.2 9.6 (9.3) 15.6 39.2 1.45 0.29 0.42 2.11

Raven Stream 32.4 5.8 (0.2) 24.1 40.8 2.10 1. 98 0.38 2.30

Credit River 23.2 11.0 (3.0) 24.6 55.4 2.32 0.50 0.56 3.42

Elm Creek 14.3 16.3 (0.2) 9.3 59.3 1~89 0.25 0.32 4.02

So. Br. 30.8 4.8 (0.0) 155.1 61.2 2.88 4.63 0.53 6.65
Vermi 11 ion R.

Bassett Cr. 31.7 8.1 (6.4) 78.1 55.2 2.20 0.46 0.37 0.037 5.36

Shingle Cr. 22.9 8.2 (4.6) 30.5 36.6 1.71 0.25 0.22 0.034 3.69

Purgatory Cr. 24.0 14.5 (4.9) 14.2 39.3 1.09 0.03 0.07 0.003 3.14

80th St. 1.55 1.5 (0.0) 32.3 53.3 1.85 0.55 0.44 0.048 3.24

Iverson 0.15 0.0 (0.0) 1820 99.7 3.41 0.27 1. 70 0.071 2.43

PDO 0.13 0.0 (0.0) 716 106 7.14 0.90 1.88 0.108 4.96

Wesley 0.33 4.0 (0.0) 347 137 , 4.20 2.51 0.99 1.049 7.03

Sandburg 0.12 0.0 (0.0) 1350 265 11.4 1.63 0.89 0.380 10.42

Hwy. 100 0.47 0.3 (0.0) 115 168 2.53 0.62 0.42 0.549 6.41

Estates 0.22 0.0 (0.0) 55.1 111 3.76 0.66 0.98 0.276 5.63

Yates 0.35 0.0 (0.0) 159 158 4.98 0.69 0.63 0.107 4.41

Key

TSS - total suspended solids
COD - chemical oxygen demand
TKN - total Kjeldahl nitrogen
NN - nitrite-nitrate-nitrogen
Tb - total phosphorus
Pb - tota1 load
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80th Street - site at medium density, new residential; mainstem
outlet of detention system.

Estates Drive - medium-density residential storm sewer site in
Shingle watershed.

Yates Avenue - multifamily and medium-density residential storm
sewer site in Shingle watershed.

Highway 100 high-density residential storm sewer site with major
highway in Bassett watershed.

Wesley Park medium-density residential storm sewer site in
Bassett watershed.

Sandburg Road - light industrial park storm sewer site in Bassett
watershed.

PDQ Store - multifamily and medium-density residential storm sewer
site in Purgatory watershed.

Iverson Avenue - medium-density residential under construction in
80th Street watershed.

Table 1 shows that a reduction in per-acre loading exists between
storm sewer subwatersheds and the mainstems. This load attenuation is
due to many physical, chemical and biological factors, including set­
tling, oxidation-reduction, and biological utilization. Nitrite­
nitrate-nitrogen (NN) is an exception to the general trends shown
elsewhere in the table, due largely to the nitrification-denitrifica­
tion phenomenon that causes such variability within a watershed.

Analysis of the 1980 seasonal loading data indicates that a large
portion of the total annual load for the rural area occurs during
snowmelt runoff or as a result of storms that occur prior to estab­
lishment of a protective vegetative canopy (Metropolitan Council,
1981). The data indicate that the snowmelt and early storm events
accounted for a significant percentage of the annual load: 49 to 82
percent of TSS, 50 to 79 percent of COD, 73 to 89 percent of TKN, and
83 to 86 percent of TP. Wetland retention of runoff and influence on
water quality during these periods of the year seems minimal because
the ground is frozen and the vegetation largely dormant.

The urban seasonal load analysis, however, showed that the annual
load is uniform over the first three seasons, with autumn loading being
lower due to decreased rainfall. The urban mainstem and storm sewer
sites respond to every measurable rainfall and snowmelt, resulting in
numerous load increments composing the total load. The six largest
events of the year were responsible for 50 to 75 percent of the flow;
49 to 80 percent of the TSS load; and 50 to 78 percent of the TKN
load. Five of these six events occurred between the June and September
when wetlands are biologically active and capable of responding to
stormwater inputs.

Statistical Analysis

The loading data presented in Table 1 forms the basis for gener­
ating loads for every watershed in the Region by regression analysis.
Long-term median loads for the 17 study watersheds were determined
using the relationship of rainfall-snowmelt-runoff and the resultant
water quality. The historic National Oceanic and Atmospheric Admini-
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stration (NOAA) precipitation records (1952-1980) and USGS flow data
from long-term stations (1963-1980) were used to generate 18 years of
loading data for the 17 watersheds by applying the relationship above,
thus allowing for frequency analysis of nonpoint source loading in the
watersheds.

After the particular basin characteristics that influence the loads
in a watershed were determined, it was possible to show how these loads
related to the occurrence of wetlands. Approximately 30 independent
variables were quantified and placed into the modified data management
system for multiple regressions using various techniques with loads as
the dependent variables. Table 2 lists the final multiple regression
models that were chosen to determine the long-term median loads for
regional watersheds. Storm sewer subwatersheds were not included in
the development of these models because of the size of the watersheds
to which projection occurred. The independent variables occurring in
the table are defined as follows, with those variables involving
wetlands listed first:

LUWET = percentage of watershed area in wetlands.
LUWTR = percentage of watershed area in standing water.
LUWTWR = LUWET + LUWTR.
LUAGI = percentage watershed area in agriculture or vacant land.
USLER = Universal Soil Loss Equation-derived soil loss

(tons/acre/yr)
USWET = USLER/LUWET.
RELEF = watershed relief (ft.).
LUURB = percentage of watershed in urban.
LUCI = percentage of watershed in commercial and industrial.
LUOS = percentage of watershed in open space.
LURSF = percentage of watershed in residential single family.
LUURBCO = LUURB - (LUCI + LUOS).
LUWETAGI = LUWET + LUAGI.
LUURBC = LURRB - LUCI.
LUOSAG = LUOS + LUAGI.
LUURBO = LUURB - LUOS.
TAREA = watershed area (square mile).
CSLOPE = slope of main channel (ft/mile).
DRDNS = feet of channel per watershed area (ft/acre).
LUPASG = percentage of watershed in pasture and grass.
LUMEAD = percentage of watershed in meadow.
LUCROP = percentage of watershed in cropland.
NONCRP = LUAGI - LUCROP.
LURSFURB = LURSF/LUURB.

Reference to Table 2 shows that wetland-related variables are part
of the final watershed models in the urban area for TN, TSS, TKN, NN,
TP and Pb; and in the agricultural area for TSS and TKN. It was an
unexpected result to find that the percentage of wetlands (LUWET) alone
did not playa more significant role in loading. The LUWET variable
appeared only in the urban NN and agricultural TKN models. Table 2
did, however, reveal that wetlands can be quite important when used as
a variable in combination with another watershed or management variable.
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Table 2
FINAL SELECTED MULTIPLE REGRESSION MODELS

FOR LONG-TERM MEDIAN LOAD DETERMINATION (lbs/mi 2)

R2 C. V. (1)
Signif

Urban Models: (~)

(21IN = 1.32+0.012*RELEF+O.025*LUURBCO .99 1 99

TN = 9296-86*LUWETAGI-54.8*LUURBCO .99 1 99

COD = 7175-772*LURSF+1297*LUURBC .99 1 99

TSS = 126,055-1389*LUWETAGI-585*LUURBCO .99 1 99

TKN = 2957-21.8*LUWTWR-23.6*LUWETAGI .99 1 98

NN = 1034-38.4*LUWET-8.6*LUOSAG .99 3 98

TP = 2139-20.3*LUWETAGI-15*LUURBO .99 7 95

Cl = -41600-84800*LURSFURB+2556*LUURBO .99 1 99

Pb = 69.6-4.7*LUWTWR-O.8*LURSF+l.3*LUURBCO .99 1 99

Agricultural Models:

(3)IN = O.188-0.002*TAREA+O.Ol*CSLOPE+ .99 1 99
O.OO8*DRDNS-O.OO9*LUPASG

TN = 1137-90*LUAGI+346*LUURB+113*LUCROP .98 9 98

COD = 169,OOO-1924*LUAGI+460*LUCROP-238*LUMEAD .99 1 99

TSS = 136,OOO-1676*LUAGI-7025*USLER+83300*USWET .99 8 99

TKN = 1565+73*LUWTR+I0*LUWET-46*LUMEAD .81 11 73

NN = 174-198*LUWTR+204*LUMEAD+561* .99 19 88
LUURB-176*NONCRP

TP = 254+25.7*LUWTR-4.2*LUMEAD .99 5 99

(1 ) Coefficient of variation (C.V.)=100*(standard deviation/mean).(2) Total inches of runoff.(3) Inches per square mile of runoff.
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The variable LUWETAGI appearing in the urban TN, TSS, TKN and TP
models as a negative relationship points to the value of wetlands and
nonintensive urban uses as factors in reducing urban area pollution
loading. LUWTWR, appearing as a negative relationship in the urban TKN
and Pb models, again supports the concept of wetland retention, in
conjunction with standing water (storage), as a natural biological
pollutant treatment system on a watershed basis. Prior work on the
origin and movement of pollutants at the sampled sites (Metropolitan
Council, 1981) indicates that much of the material moving from urban
surfaces into receiving waters is associated with particulates, which
should settle within a reasonable time span. It is for this reason
that wetlands are deemed important in reducing loads for the pollutants
containing a wetland-related model factor in Table 2.

The agricultural area models in Table 2 are distinctly different
from the urban models in terms of independent variables used in the
models. Wetland-related variables appear only in the TSS and TKN
models. For TSS, the positive relationship with USWET indicates that
enhancement of wetlands and/or decreasing the USLE soil loss will
result in the reduction of the 83,300 multiplication factor. The TKN
model, however, shows a positive LUWET variable, as well as a positive
LUWTR. Prior work on the agricultural loadings indicated that a large
portion of the agricultural load occurred in the soluble or finely
suspended state. This fact, combined with the fact that the rural area
runoff and loading are dominated by winter snowmelt and early spring
storm events when wetlands are frozen and biologically inactive, indi­
cates that wetlands play less of a critical role in rural area pollu­
tion determination compared to the urban pollution determination. In
summary, most of the pollutants either wash through the wetlands or
solubilize in wetlands during periods of low flow, only to be mobilized
in finely suspended or soluble form when a sufficient quantity of flow
is available. The majority of sampled rural events verify this
hypothesis. .

The conclusions drawn from the mo~els in Table 2 indicate that a
combination of wetland and other factors would reveal more insight into
wetland behavior relative to pollution reduction. This information
will also allow for conceptualization of management approaches. Table
3 lists 26 combination variables that were generated based on concepts
as to how wetlands might be functioning on a watershed basis in rela­
tion to land uses and on-going management. These variables were input
to a model development program of the data management system without
any other independent variables to model the various long-term median
watershed loads. Multiple regression techniques were used to obtain
models with an alpha level of 0.05 (95 percent significance level).

Table 4 contains the best one- and two-variable models using the
wetland-related independnent variables. Some interesting observations
on wetland behavior can be made from the models in Table 4. Before
examining Table 4, however, it should be emphasized that the total
number of observations (N) in the urban dependent variables is four,
and six for the agricultural dependent variables. While these Ns are
low, recall that approximately 10,000 individual pieces of water
quality data were collected to determine the 1980 loads for the sample
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Table 3
WETLAND FACTORS USED FOR DETERMINATION OF LONG-TERM MEDIAN LOADS

'/ariable

1. LUWETTC

2. LUWETDR

3. LUWETAO

4. LUWETMO

5. LU\~ETCI

6. LUWETURB

7. LUWETAG

3. Lu'WETSF

9. LUWETPO

10. LUWETMF

11. LUWETAC

12. LUWETLD

13. LUWETRM

14. LUWETBN

15. LUWETROW

16. LUWETCR

17. LUWETOAT

18. LUWETWHT

19. LUWETRF

20. LUWETUS

21. LUWETAU

22. LUWETPO

23. l.UWETI>1E

24. LUWETPG

25. l.!J\~ETOS

25. LUWET\~O

Exo1anation

Ratio wetlands/Total contributing area.

Ratio wetlands/Drainage density.

Ratio wetlands/Average overland flow.

Ratio wetlands/Miles of artificial ditch.

Ratio wetlands/Commercial and industrial.

Ratio wetlands/Urbanization.

Ratio wet~ands/Agricultural.

Ratio wetlands/Single-family residential.

Ratio wetlands/Population density.

Ratio wetlands/Multifamily residential.

Ratio wetlands/Acreage under construction.

Ratio wetlands/Low-density residential.

Ratio wetlands/Medium-density residential.

Ratio wetlands/Soybean acreage needing treatment.

Ratio wetlands/Acreage in corn and soybeans.

Ratio wetlands/Acreage in cropland.

Ratio wetlands/Acreage in oats.

Ratio wetlands/Acreage in wheat.

~atio wet1ands/Unit1ess croe rotation factor.

~atio wetlands/Universal soil loss eauation.

~atio wetlands/Number of ~nima1 units.

Total of wetlands and ~creage of poorly dr1ined soils.

Total of wetlands and acreage of meadow.

Total of wetl~nds and acreage of pasture and grassland.

Total of wet1anas 1na 1creage of open space in
urban :lrea.

Total of wetlands and icreage of ~oodldnd.
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Table 4
FIRST AND SECOND VARIABLE REGRESSION MODELS USING WETLAND FACTORS

FOR DETERMINATION OF LONG-TERM MEDIAN LOADS

B.2 C.V.(l)
Signif.

Constituent Model %

Urban Mainstem

(2) IN 5.46-2.01*LUWETSF .24 16 50
8.38-5.93*LUWETSF-51.65*LUWETAC .99 1 99

TN 2852-7790*LUWETURB .95 12 98
2844-9594*LUWETURB+357*LUWETCI .99 1 99

COO 63, 630-83, 6DO*LUWETSF .88 17 94
47, 640-69340*LUWETSF+18,62D*LUWETTC .99 3 96

TSS 48,300-139,DDO*LUWETURB .97 11 99
52,400-495,000*LUWETURB+20,050*LUWETDR .99 5 94

TKN 2226-5326*LUWETURB .92 13 96
2219-7000*LUWETURB+332*LUWETCI .99 1 99

NN 626-2465*LUWETUR8 .99 5 99
629-2257*LUWETURB-125*LUWETSF .99 1 99

TP 450-1594*LUWETURB .99 8 99
453-1334*LUWETURB-158*LUWETSF .99 2 99

Cl 81,000-114,000*LUWETSF .99 3 97
68,000-116, 000*LUWETSF+33, OOO*L UWETC I .99 1 99

Pb 99.4-2.37*LUWETPD .97 24 99
100.7-1.61*LUWETPD-151.6*LUWETURB .99 7 97

Agricultural /o4ainstem

(3) IN O.061+0.184*LUWETTC .70 45 96
0.205+0.252*LUWETTC-O.136*LUWETURB .93 25 98

TN 4876-131.3*LUWETME .76 25 98
4878-215.1*LUWETME+550*LUWETDR .93 16 98

COO 16,700+5292*LUWETDR .72 14 97
14,600+1310*LUWETDR+4140*LUWETOAT .84 12 94

TSS 94,600-1710*LUWETPD . .75 59 98
110,OOO-1511*LUWETPD-1334*LUWETPG .88 47 96

TKN 999+166.9*LUWETOAT .44 14 85
858+472*LUWETOAT-99,OOO*LUWETAO .75 10 88

NN 3656-134.9*LUWETME .81 52 99
453D-127.5*LUWETME-57.0*LUWETPG .94 34 99

TP 116.6+48.0*LUWETDR .54 24 91
96.6+68.4*LUWETDR-2255*LUWETBN .99 5 99

(l)Coefficient of variation (C.V.)=lOO*(standard deviation/mean).
(2) Total inches of runoff.
(3) Inches per square mile of runoff.
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watersheds. These 10,000 pieces of data then formed the basis for
determining the 18-year long-term median loads for all watersheds in
the Region. This projection resulted in 26,000 observations for each
urban constituent and 39,000 observations for each rural constituent.
The purpose again of Table 4 is to indicate general implications of
various management approaches.

The most obvious trend in the urban models in Table 4 is the
frequent and strong negative correlations between loads and the level
of urban development. This relation appears as a first variable in the
equations as either LUWETURB or LUWETSF. Therefore the enhancement of
urban and single-family residential relative to wetlands will lead to
an increased loading of runoff (IN), TN, COD, TSS, TKN, NN, TP and Cl.
The second variable relationships generally support this finding, with
a few exceptions. The positive variable LUWETCI appears in the second
equations for TN, TKN, and Cl. This relationship is not clear, but is
suspected of indicating the soluble nature of the nitrogens and Cl;
that is, as the area of wetlands becomes larger, there is more solubil­
ization of nitrogen and thus more mobility. In contrast, commercial/
industrial areas contribute particulate-associated nitrogen that tends
to be less mobile. Further research on this relationship would help
determine whether the solubles explanation is reasonable, or whether
the relationship is circumstantial.

A different variable appears in the urban models for Pb, where
LUWETPD occurs as the first and second models. This variable represents
wetlands plus poorly drained soils, indicating a capability to retain
Pb and possibly other metals in wetlands and poorly drained soils.
This relationship is logical since Pb from urban areas tends to move
while adsorbed onto particulates that would settle and/or be attracted
to other particulates.

The only other variables appearing in the second variable urban
models are LUWETAC, LUWETTC and LUWETDR. The inches of runoff model
shows that reduction of wetlands during active construction can lead to
increased runoff. The COD model indicates that a large amount of
wetlands in a watershed can enhance the COD load; this relationship is
viable since the loading work showed that much of the COD moving from
both urban and rural areas is dissolved. The TSS model shows a posi­
tive LUWETDR relationship. Further consideration of the variable
LUWETDR leads to the realization that wetland occurrence and drainage
density are actually reverse surrogates, that is, as one increases, the
other decreases. This relationship makes explanation of the TSS model
difficult because of the intercorrelation of the independent variables
in the model.

For the rural models in Table 4, three findings seem most
significant. First, the relationships developed, as represented by the
R-square, C.V, and significance statistics, are not as strong as in
the urban area. This would appear to be a function of the phenomenon
discussed previously concerning the dominance of annual loading by
snowmelt and early spring storm events when wetlands are less able to
playa major role in quality determination. .
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Another significant finding, perhaps related to the first, is that
several of the models seem to indicate that wetlands in rural areas
promote loading of soluble constituents. This relationship occurs in
the TN, COO, TKN and TP models with the positive LUWETOR and LUWETOAT
variables. Again, it is believed that wetlands in rural areas serve
as collection points for pollutants during runoff events, and solubiize
these pollutants (probably under anaerobic conditions), thus making
them more mobile whenever a sufficient quantity of flow again occurs.

The third major finding is that wetlands preservation combined with
good agricultural management serves to reduce pollution loads. The
negative additive variables LUWETME and LUWETPG, and the negative ratio
variable LUWETBN all point to the importance of maintaining a good
conservation approach to farming, particularly the inclusion of meadows
and grasses into the rotation. The positive LUWETOAT relationship in
the second COD model and in both TKN models is not at all clear.
Again, it is suspected that this relationship is showing the contribu­
tion factor that wetlands in rural areas play in soluble pollutant
transport, that is, wetlands tend to promote soluble pollutant
migration.

The first rural area inches model shows a positive LUWETTC rela­
tionship indicating that wetlands are not important to the runoff
situation when most of it occurs in the early spring, and might be
positive contributors or recharge points later in the year when smaller
runoff events occur. The high variation and low R-square shows substan­
tial variability in these models even though the significance is quite
high. Addition of negative LUWETURB improves the R-square showing the
effect of impervious surfaces on runoff even in rural areas.

Management Implications

The findings raise questions on the type of management recommendations
that can be made relative to wetland prese~vation. To further evaluate
the results for the rural area, the models in Table 2 were applied to
45 rural watersheds, and the resultant loads were plotted against
LUWET. The plots that resulted showed random IIshotgun ll patterns with
R-square less than 0.01 for all constituents except TSS. This finding
tends to verify the solubilization phenomenon of rural wetlands and the
inactivity of wetlands during periods of highest loading. Wetlands did
show a relatively good logarithmic correlation with TSS as shown in
Figures 1a (semi-log) and 1b (log-log), undoubtedly due to the fact
that wetlands generally occur in low-lying areas that promote settling
of suspended material.

Figure 1a shows that retention of about 10 percent of watershed
wetlands maximizes loading reductions. Retention of wetland area
greater than 10 percent of the total probably yields minimal additional
improvement in TSS. The same relationship is shown by the dashed line
in Figure lb.

The urban watershed results of the plotting process for 66 water­
sheds generated far better relationships between load and wetlands, as
first evidenced in Table 2. Every constituent except Cl, Pb and COD
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Figure 1(a,b,c,d). Plot of pe-rcent of wetlands versus load per sq. mI.
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showed linear relationships typified by Figures lc (TSS) and Id (TN).
These relationships all point to the fact that retention of urban
wetlands will lead to continued or improved water quality on an annual
basis likely because the urban pollutants occur generally in
particulate-associated form.

The management implications of these rural and urban findings then
are that rural area wetlands, although likely beneficial for solids
settling, do not appear to playa significant role in nutrient or
oxygen-demanding substance pollution reduction. This indicates that
pollution control in the rural area has to focus on the active
agricultural practices, particularly as they relate to surface cover
during the winter and early spring and focus on increased infiltration
and retention of water on the fields becomes extremely important.
Wetlands should still, however, be preserved because of their
substantial sediment-capturing capabilities and their value as related
to other natural resources.

Preservation of urban wetlands has been shown to be of significant
importance in pollution reduction. Both particulate-associated and
soluble pollutants were shown to be reduced substantially in watersheds
where wetland occurrence was large. The findings showed that urban
development at the cost of wetland loss would lead to increased pollu­
tion loading. It must be emphasized here that no effort was made to
study the impact on wetlands from discharging pollutants at rates
typical of urban areas. It cannot be stated that continued discharge
of pollutants into an urban wetland will not eventually destroy that
wetland. Research into this area would certainly enhance and, hope­
fully, support use of wetlands for stormwater treatment. For now, it
is recommended that discharge of highly sediment-laden or suspected
toxic stormwater into wetlands be preceeded by a period of adequate
settling to reduce the cumulative and shock effect of such loading on a
wetland ecosystem.

SUMMARY AND CONCLUSIONS

A study of six rural and 11 urban watersheds has shown that wetland
occurrence is a very important factor in urban nonpoint pollution
loading, and in rural area particulate loading. Dependence upon
wetlands for treatment of soluble or fines-associated pollutants in
rural areas does not appear feasible because wetlands are frozen and/or
biologically dormant during the period when most of the annual load
occurs. From a management standpoint, retention of urban wetlands as
treatment systems appears to be a very beneficial practice, as does
retention of rural wetlands for particulate controls and related
natural resource benefits. Additional study is needed concerning the
impact on wetlands from continuous nonpoint loading.
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POLLUTANT ASSOCIATIONS AFTER LABORATORY SETTLING
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INTRODUCTI ON

A substudy was done on several samples collected during three 1980 runoff
events (late May-early June, late August, late September). Samples were
agitated and allowed to settle for various periods of time to determine pol­
lutant associations with various size fractions under quiescent conditions.
Results will bear some relationship to field conditions if quiescent settling
is allowed, and outflow is from near the top of the water column, but yield
only qualitative information for turbulent conditions.

METHODS

Rainfall runoff samples were collected at selected sites during three events.
The samples were either flow composited (May-June, August) or were selected for
their location on the runoff hydrograph (September). Approximately four liters
of sample were allowed to reach ambient laboratory temperature and then agi­
tated with a plunger for two minutes. Immediately after agitation a subsample
was taken at 10 cm depth. Subsequent subsamples were then taken at any or all
of the following times: seven minutes; one hour; three hours; and 24 hours.

The subsample times were taken based on the undisturbed settling velocities of
sand and silt (seven minutes for 15.5 micrometer particles) and clay (one hour
for 4 micrometer particles) at 10 cm based on Stoke's Law, which follows:

v = (g/l§t.J (S-l) d2

Where v = settling velocity
d = particle size
g = acceleration due to gravity

A = kinematic viscosity of water
s = specific gravity of particle.

The three-hour and 24-hour samples were taken to synthesize typical field
detention times likely experienced in association with a runoff event.

Subsamples were extracted from the larger sample by using a peristaltic pump
and a silicone hose with a specially designed intake nozzle. A brief purge
period preceded every subsample collection. The subsamples were then analyzed
according to the methods in Appendix A.

Results and Discussion The results of the laboratory settling study are
presented in Tables I-I to I-3 for three different events. Table I-I lists the
results of analyses from six sites, each site for one of a series of storms
that occurred from late May through early June in 1980. Table I-2 similarly
lists the results of six sites for an Aug. 30, 1980 event; Table I-2 lists the
solids, nutrients and COD, and Table I-2b lists the heavy metals. Finally,
Table I-3 shows the results of the analysis for an Oct. 23, 1980 event for four
sites at different hydrograph periods; again, the tables are split by analysis
type.

Table I-I was the prototype substudy during which the methodology was tried for
the first time. As a result, several samples were destroyed in some manner and
data voids exist. This first settling sequence was run only for seven minutes
and one hour to see what trends occurred; subsequent addition of settling times
was obviously mandated.
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Few conclusions can be drawn after examination of Table 1-1. It appears for
the first five samples that a fair amount of TSS settles below 10 cm in the
first hour (54-93 percent). The 80th St. site, however, does not, probably
because this site is at the end of a drainage system containing eight detention
ponds. The rest of the data for 80th St. enforce the idea that most solids­
associated pollutants have settled prior to reaching the 80th St. pond out­
flow. One-hour TP values range from 34 to 82 percent for the urban (not includ­
ing 80th) and only seven percent for the agricultural Bevens site. Similar
values were seen for the TKN and COD measurements. Lead reductions were quite
variable, ranging from 3 to 78 percent. The scant data then show that a fair
amount of solids reduction can occur in just one hour of quiescent settling,
but nutrients, oxygen-demanding substances and lead can be associated with fine­
grained particles or be dissolved and migrate through such settling facilities.

The Aug. 30, 1980 data in Table I-2a were collected from six urban storm sewer
sites. The data for all six stations show an almost total (96-98 percent)
suspended solids reduction at 10 cm after 24 hours of settling. Much of the
settling has actually occurred after one hour. The VSS value at zero settling
is quite far from the TSS value, but the VSS:TSS ratio increases greatly with
time, illustrating the fines nature of the volatile solids constituent. Total
phosphorus from these sites also exhibits a strong settling pattern with a 24­
hour range of 44 to 74 percent. A single dissolved phosphorus (DP) value was
taken to show the dissolved to total ratio. Nitrite-nitrate-nitrogen (NN) is
mostly in a dissolved state and therefore shows little association with particu­
lates, except for Wesley for an unknown reason. Total Kjeldahl nitrogen (TKN)
shows the same behavioral characteristics as TP, having a range of 38 to 65 per­
cent. Notice that the dissolved Kjeldahl comprises a large part of the initial
TKN, and that in four cases the initial dissolved concentration exceeds the
final total concentration; this DKNo exceeding TKN24 could be due to
ammonia gases being driven off and/or by mineralization of nitrogen from
ammonia to an organic form. Finally, the COD data shows results slightly
higher than the nutrients in percent reduction.

The heavy metals data in Table I-2b are fairly consistent in the percent reduc­
tions with a few exceptions. The data typically show a 50 to 90 percent reduc­
tion at 10 cm in 24 hours. A substantial portion of the percent reduction does
occur after only three hours at most sites where data exist. However, settling
is slow to start with generally little reduction associated with the silt frac­
tion; this shows the general association of the metals with fine particulates.

Table 1-3 gives the results of sample analysis for an Oct. 23, 1980 event at
four sites for various limbs of the hydrograph. Three of the sites are urban
and one (Vermillion) is rural. Again the TSS and VSS at time zero are quite
far apart, but converge after 24 hours of settling. Also as before, the
suspended solids decrease substantially in 24 hours, with a large part of the
reduction occurring in just three hours. PDQ and Vermillion data are for the
falling limb of the hydrograph, so comparison with other parts of the hydro­
graph is not possible. For Sandburg, approximately twice the rising limb
suspended solids are associated with clay or larger particles as compared to
the falling limbs; that is, more coarse material is concentrated in the rising
limb and at a higher initial concentration. The same behavior is seen for the
Hwy. 100 site, where the rising limb has more coarse particles than the roughly
equivalent peak and falling limb. For Sandburg and Hwy. 100 the total solids
settled after 24 hours are a lesser percentage than the rising limb, again
indicating the coarser character of initial runoff. For Vermillion and PDQ,
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however, the three-hour and 24-hour settling reductions are even higher than
Sandburg and Hwy. 100, thus showing the variability in runoff behavior and
danger in generalizing conclusions.

The phosphorus data are difficult to interpret because it appears as though
some erroneous data are introduced. From the data that do appear to be cor­
rect, the phosphorus reduction in 24 hours is in the 25 to 50 percent range,
similar to the two previous periods (Tables 1-1 and 1-2). The TKN data are
again interspersed with apparently incorrect figures, but ignoring these still
shows that reductions of about 50 percent occur at 10 cm depth in 24 hours.
The Sandburg and Hwy. 100 data show a small tendency toward association with
coarser particles on the rising limb. The dissolved Kjeldahl and dissolved
ammonia data show that most of the DKN is in fact in the organic form, and much
of the remaining TKN after 24 hours is, therefore, composed of dissolved
organic nitrogen. The dissolved nitrite-nitrate-nitrogen stays very constant
from time zero to 24 hours and is generally high relative to ammonia, except
for the Hwy. 100 rising limb. This behavior seems to suggest that nitrifica­
tion is proceeding because oxygen is plentiful, a condition known to exist in
runoff events. The COD data are similar to previous events in that about 50 to
75 percent reduction occurs in the urban areas. The Vermillion rural site,
however, has a rather large dissolved constituent load and is reflected in the
low COD reduction for 24 hours.

Table I-3b presents metals data for the October event. The discrepancy seen in
a prior event again occurs wherein the PDQ falling reductions are greater than
the falling reductions for the other sites. For Sandburg and Hwy. 100,
rising limb reduction exceeds peak and falling reductions, but the 24-hour
reductions are all essentially equal or very close. Again, the initial washoff
shows metals associated with coarser-grained material, tending toward finer
material as the hydrograph proceeds.

To summarize the settling substudy, it appears that very good reductions in
suspended solids can be achieved in a quiescent settling situation with outflow
coming from near the surface of the water column. Such a facility could be
designed to discharge through a riser or over a spillway, or to discharge
through a filter (gravel, sand, fabric) that filters all but very fine-grained
material. The data also appear to show that fairly good reductions could be
achieved for nutrients (25-50 percent), COD (25-50 percent) and metals (50-75
percent) under most conditions as described above. To again emphasize, the
conclusions reached for this substudy are very preliminary and based upon a
limited set of experimental circumstances. Discharge of settled water below 10
cm or any turbulence introduced to the detention facility will likely decrease
the reductions presented in Tables 1-1 through 1-3.
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Table I-I.
SAMPLING STUDY - I1AY AND JUNE 1980 (C0MPOSITE SAMPLES)

Site Settling Percent Percent Percent Percent Percent Percent
(Rainfall) Date Time TSS Reduction VSS Reduction TP Reduction TKN Reduction TCOD Reduction TPb Reduction

Shingle June 5 None 526 132 .62 2.84 145 .23

(1.57")
7 min. 190 64 52 61 1.72 40 81 44 .15 35

1 hr. 38 93 14 89 .18 71 .80 72 33 77

Shin;lle June 12 none 1. 30 9.60 .60
(1.02 ')

7 min. .57 56 3.12 68 .28 53

1 hr. .23 82 1.40 86 .13 78

Yates May 29 none 161 .49 2.60 no .32

(0.27") 7 min. 119 26 .48 2 2.48 5 .31 3

1 hr. 42 74 .32 35 1.84 29 74 33

Bevens June 5 none 186 28 1.45 2.64
(0.64") 7 min. 140 25 22 22 1.40 4 2.58 2

1 hr. 85 54 14 50 1.35 7 2.40 9

Hwy 100. May 29 none 329 1.25 5.00 289 .55
.....
I (0.29") 7 min. 217 34 1.15 18 4.40 12

(J"1

1 hr. 59 82 .83 34 184 36 .22 60

Sandburg May 29 none 731
1.30 5.20 329 .68

(0.29") 7 min. 575 21 .90 31 4.80 8 274 17

1 hr. 198 73 .45 65 2.24 57 160 51 .43 37

80th St. June 5 none 326 46 .67 1.60 51 .026

(3.64") 7 min. 316 3 49 4

1 hr. 248 24 44 4 .60 10 1.40 12 43 6 .023 12



Table I-2a.
SETTLING STUDY AUGUST 30, 1980

Settling Percent Percent Percent Percent
Site Time TSS Reduction VSS Reduction TP Reduction DP DP/TP NN Reduction TKN Reduction DKN DKN/TKN TeOD Reduction

Wesley None 130 16 .71 .29 .37 .70 1.36 .96 .70 34
(0.93") 7 min. 69 47 12 25 .62 13 .65 7 1.08 21 36

1 hr. 13 90 4 75 .50 30 .55 21 .76 44 21 38
3 hrs. 6 95 4 75 .46 35 .45 36 .86 37 19 44

24 hrs. 1 99 1 94 .40 44 .25 64 .82 40 15 50

Iverson None 1088 146 2.0 .05 .02 .55 2.6 1.2 .46 176
(0.60") 7 min. 660 39 100 32 1.7 15 .55 0 2.4 8 162 8

1 hr. 336 69 68 53 1.25 38 .55 0 1.8 31 132 25
3 hrs. 160 85 44 70 .98 51 .50 9 1.6 38 106 40

24 hrs. 32 97 28 81 .70 65 .40 27 1.4 46 82 53

Hwy. 100 None 112 36 .45 .09 .20 .30 1.76 .62 .35 54
(1.12") 7 min. 80 29 40 .43 4 .30 0 1.66 6 48 26

1 hr. 16 86 14 61 .33 27 .25 17 1.10 38 32 41
3 hrs. 14 88 8 78 .29 36 .25 17 1.06 40 21 41

24 hrs. 5 96 1 97 .21 53 .30 0 .76 57 16 70

Estates None 80 30 .32 .09 .28 .75 1.54 .76 .49 78
(1.28") 7 min. 26 68 16 47 .23 28 .55 27 1.20 22 52 33

1 hr. 1 99 1 97 .15 53 .55 27 .80 48 35 55
...... 3 hrs •
I 24 hrs. 1 99 1 97 .11 66 .55 27 .68 56 23 71
m

PDQ None 264 70 .39 .09 .23 .65 1.96 .84 .43 108
(0.67") 7 min. 48 82 18 74 .24 38 .55 15 1.28 35 71 34

1 hr. 1 99 1 99 .16 59 .55 15 .90 54 47 56
3 hrs.

24 hrs. 1 99 1 99 .10 74 .55 15 .68 65 46 57

Sandburg None 146 36 .23 .10 .43 .30 1.16 .84 .72 86
(1.12") 7· min. 4 97 2 94 .14 39 .30 0 .86 26 26 70

1 hr. 1 99 1 99 .12 48 .30 0 .82 29 21 76
3 hrs.

24 hrs. 1 99 1 99 .09 61 .72 38 13 85



Table I-2b.
AUGUST 1980 SETTLING STUDY - METALS (ug/l)

Sett1ing Percent Percent Percent Percent Percent Percent
Site Time Pb Reduction Zn Reduction Cd Reduction Fe* Reduction Mn* Reduction Cr Reduction Cu Reduction

Wesley None 32 90 .5 4.4 .23 22 22
7 min. 18 44 .2 60 3.1 30 .15 52 15 32 18 18
1 hr. 8 75 60 30 .2 60 1.4 68 .05 78 11 50 13 41
3 hrs. 6 81 50 44 .2 1.0 77 .02 91 9 59 12 45

24 hrs. 3 91 30 67 .2 .6 86 .02 91 3 86 12 45

Iverson None 65 200 .7 52.0 1.60 50 41
7 min. 62 5 190 5 .7 0 49.0 6 1.45 9 43 14 38 7
1 hr. 53 18 190 5 .4 43 39.5 24 1.05 34 35 30 34 17
3 hrs. 46 29 .4 43 33.5 36 .86 46 28 44 28 32

24 hrs. 27 58 160 20 .3 57 24.0 54 .51 68 18 64 19 54

Hwy. 100 None 130 120 .6 5.5 .25 7 12
7 min. 108 17 .5 17 5.3 4 .22 12 12 0
1 hr. 49 62 70 42 .2 67 3.0 45 .10 60 6 14 7 12
3 hrs. 40 69 40 67 .2 67 2.4 56 .07 72 6 14

24 hrs. 21 84 20 83 .2 1.6 71 .04 84 5 29 4 67

Estates None 189 160 .7 4.6 .24 7 16
7 min. 89 53 120 25 .4 43 2.2 52 .10 58 5 29 10 38
1 hr. 20 89 60 62 .2 71 .6 87 .02 92 4 43 6 62
3 hrs.

I-< 24 hrs. 11 94 20 88 .2 .4 91 .01 96 4 43 5 69
I

-....J
Sandburg None 58 100 :6 3.0 .16 6 14

7 min. 14 76 60 40 .2 67 .8 73 .06 62 6 57
1 hr. 8 86 .2 67 .4 87 .04 75 4 33 5 64
3 hrs.

24 hrs. 4 93 30 70 .2 67 .2 93 .02 88 3 50 4 71

PDQ None 92 220 1.0 4.8 .26 7 13
7 min. 41 55 150 32 .9 10 2.3 52 .11 58 4 43 9 31
1 hr. 13 86 100 55 .3 70 .8 83 .04 85 4 43 5 62
3 hrs.

24 hrs. 4 90 70 68 .2 80 .3 94 .02 92 3 57 3 77



Table 1-3a
SETTLING STUDY - SEPTEMBER 1980

Percent Percent Percent Percent Percent
Station Settling Reduc- Reduc- Reduc- Reduc- Reduc-

(Rainfall) Time TSS tion VSS tion TP tion DP TKN tion DKN DN/N DNH4
COD tion

PDQ none 932 144 .12 .28 1. 60 196
- falling 7 min. 524 44 152 (-6) .10 17 .26 7 138 30

limb 1 hr. 252 73 92 36 .12 0 .26 7 90 54
3 hrs. 112 88 80 44 .05 58 .06 79 68 65

24 hrs. 20 98 17 88 .37 (-208) .22 .70 (-150) .56 1.65 .02 46 76

Vermillion none 56 42 .23 1.16 2.55 56
- falling 7 min. 39 30 27 36 .17 26 .90 22 82 (-46)

limb 1 hr. 15 73 10 76 .14 39 .78 33 52 7
3 hrs. 7 88 7 83 .19 17 1.12 3 48 14

24 hrs. 1 98 1 98 .15 35 .12 1.04 10 1.04 2.50 .02 46 18

Sandburg none 216 57 .40 1.34 .30 92
- rising 7 min. 173 29 42 26 .39 2 1.34 0 88 4

limb 1 hr. 68 68 22 61 .27 32 .90 32 58 37
3 hrs. 41 81 15 74 .22 45 .70 48 50 46

24 hrs. 16 93 10 82 .17 58 .09 .64 52 .50 ~30 .03 36 61

Sandburg none 133 33 .31 1.10 .50 36
- falling 7 min. 120 8 32 3 .31 0 1.14 (-4) 46 (-28)

limb 1 hr. 81 39 23 30 .25 19 .98 11 54 (-50)
3 hrs. 42 68 18 45 .20 35 .82 25 46 (-28)

24 hrs. 18 86 10 70 .15 52 .07 .62 44 .48 .50 .05 54 (-50)......
I

CO Hwy. 100 none 116 58 .84 2.64 .10 154
- rising 7 min. 84 28 46 21 .79 6 2.40 9 126 18

limb 1 hr. 33 72 21 64 .59 30 1.80 32 82 47
3 hrs. 21 82 19 67 .48 43 1.46 45 66 57

24 hrs. 6 95 6 90 .40 52 .29 1.28 52 .88 .20 .19 34 78

Hwy. 100 none 55 24 .40 1.32 : .30 92
- peak 7 min. 52 5 34 (-42) .51 (-28) 1. 32 0 82 11

1 hr. 37 33 22 8 .55 (-38) 1. 68 (-27) 58 37
3 hrs. 20 64 17 29 .35 12 .98 26 41 55

24 hrs. 7 87 7 71 .92 (-130) .25 .84 36 .68 .30 .03 35 62

Hwy. 100 none 46 23 .38 1. 26 .30 72
- falling 7 min. 39 15 21 9 .38 0 1.14 10 51 29

limb 1 hr. 27 41 15 35 .34 10 .92 27 54 25
3 hrs. 18 61 9 61 .34 10 .82 35 56 22

24 hrs. 7 85 7 70 .28 26 .20 .68 46 .42 .30 .03 35 51

:sa
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Table I-3b.
SETTLING STUDY FOR METALS (mg/l)

September 1980

Settling Percent Percent Percent Percent
Station Time Pb Reduction Zn Reduction Fe Reduction Mn Reduction

PDQ None .300 .320 29.0 1.43
fa 11 ing 7 min. .210 30 .225 30 21.5 26 1.02 29

1 hr. .080 73 .120 62 14.5 50 0.53 63
3 hrs. .057 81 .100 69 11.0 62 0.35 76

24 hrs. .025 92 .040 88 3.9 87 0.10 93

Vermi 11 ion None 2.5 0.13
fa 11 ing 7 min. 2.2 12 0.11 15

1 hr. 1.1 56 0.04 69
3 hrs. 0.8 68 0.02 85

24 hrs. 0.5 80 0.01 92

Sandburg None .150 .130 7.2 0.34
rising 7 min. .150 0 .125 4 6.6 8 0.32 6

1 hr. .063 58 '".075 42 4.5 38 0.16 53
3 hrs. .046 69 3.1 57 0.10 71

24 hrs. .029 81 "060 54 1.8 75 0.06 82

Sandburg None .090 .1lO 5.5 0.26
...... falling 7 min. .090 0 5.5 0 0.26 0
I 1 hr. .072 20 .090. 18 4.0 27 0.17. 35

\D 3 hrs. .050 44 .060 45 3.4 38 0.12 54
24 hrs. .035 61 .060 45 2.4 56 0.06 77

Hwy. 100 None .225 .150 4.8 0.56
rising 7 min. .210 7 120 20 3.8 21 0.50 11

1 hr. .110 51 :090 40 1.6 67 0.44 21
3 hrs. .110 51 .•060 '·80 1.6 67 0.43 23

24 hrs. .050 78 .060 80 0.7 85 0.41 27

Hwy. 100 None .110 .090 2.5 0.38
peak 7 min. .120 (-9) .100 (-11) 2.4 4 0.36 5

1 hr. .130 ( -18) .080 11 1.6 36 0.34 11
3 hrs. .074 33 .060 33 1.2 52 0.31 18

24 hrs. .052 53 .060 33 0.5 80 0.27 29

Hwy. 100 None .100 .080 2.0 0.27
falling 7 min. .130 (-20) .080 0 2.0 0 0.27 0

1 hr. .076 24 .070 12 1.4 30 0.24 11
3 hrs. .076 24 .060 25 1.1 45 0.24 18

24 hrs. .057 43 .070 12 0.6 70 19 30




