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

Approximate Percent Reduction

Category Management Practice Purpose and Method of Application of Pollutant
Urban: Clarification settling (See Detention section)
Treatment
Filtration Can occur with or without intentional biological - 90 percent TSS
treatment; involves discharging stormwater - 50 percent COD
through sand, stone, plastic, coal or other - 75 percent N & P

medium; very high solids removal efficiencies
occur, but at high cost.

Screening Many varieties of screening treatment systems - 50 percent TSS
exist, all fairly effective at stormwater treat- - 35 percent COD
ment for solids but again quite expensive. - 40 percent N & P
Swirl separation 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.

Treatment lagoons Includes oxidation ponds, aerated lagoons - 50 percent TSS
{(oxygen supplied) and facultative lagoons ~ 90 percent bacteria
(combination of aerobic and anaerobic); treat- - 40 percent COD
ment usually good but land reguirement often
excessive.

Flocculation Very effective when used in combination with -~ TSS function more of
settling pond; involves addition of lime, Fe or settling than flocculation
Al salts and/or polyelectrolytes to coagulate - 75 percent organics
particles; especially efficient for soluble - 80 percent TP
and fines—assoclated pollutants; can be applied - 75 percent N
to any detention system with varying degrees of
difficulty.

Disinfection Elimination of pathogenic organisms by use of Up to 100 percent for patho-
chlorine, ozone or hypochlorite salt; effective genic organism.

if costs can be met; can be installed on any
collection system.




appropriate. In instances where specifics of application are not known, the
Tow 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 items do not occur in Table 19 because they are essentially nonquantifiable
MPs: these items are comprehensive stormwater management and information/
education (I/E). Comprehensive stormwater management (CSM) enables a community
or land manager to assess the impact that stormwater could have on a particular
piece of land or on an entire community/watershed. The water quality benefits
assocjated with such an exercise are nearly impossible to quantify, yet it is
obvious to those working in the stormwater area that those communities or
managers that use a good CSM approach have far fewer problems 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 guidelines
determined by an appropriate management agency and in conjunction with neighbor-
ing communities on a watershed basis.

I/E prograns again are nonquantifiable from a water quality standpoint, but are
inherently suited to yield water quality improvements. Perhaps the most often
suggested MP in addressing water quality issues is a massive I/E program in
which facts are disseminated in hopes of convincing the public of the obvious
merit of nonpoint pollution control. However, people have known for decades
about water quality and erosion problems, yet have met with 1imited success.

A well-planned I/E program is essential and should be practiced as a Tow-cost
management approach.

One final comment about Table 20 is that it is not intended to be a compilation,
of every conceivable MP ever considered for use. It is, however, an attempt to!
define MP categories into which similar, yet unmentioned, MPs could fit. The
structural treatment categories are particularly void of entries although many
other approaches exist. The reason for this is that most treatment systems are
prohibitively expensive (they can easily be an order of magnitude more expen-
sive than minimun or nonstructural MPs) and it is believed that less expensive
techniques that yield similar results can be used. Furthemmore, location of
urban treatment systems would 1ikely occur in the CSO areas already covered by
the MWCC 201 study. The evaluation of low-cost, easily implementable MPs fits
into the objective of the management program.

Now that the Tist 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
implemented to achieve desired results. The approach will stress minimum or
nonstructural practices that will be effective, yet inexpensive.

Recommendations for MP application to achieve a certain pollutant reduction
will Tikely involve putting together a series of related MPs; such "familijes"
give communities and managers the flexibility needed to implement programs.

The Teast costly family is that composed of housekeeping MPs. The housekeeping
family applies predominantly to the urban/urbanizing areas and consists of MPs
application at a more intensive scale than is currently 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).

- 0il1 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 11tter.1n streets or sewers.

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

Initiation of these controls is 1ikely 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
design, 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 Toss 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 groundwater 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 Tlots, 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/1) in streams; the
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problem identification paper reports Cr levels reaching as high as 270 ug/1 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 Tevels, respectively, reached as high as 6,900 mg/1 and 676 mg/1,
while urban area discharges for the same pollutants hit 26,610 mg/1 and 1,505
mg/1. 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 Take problem, is the lack of a
phosphorus standard. An effluent standard of 1.0 mg/1 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
Toad reductions to be proposed that would relate to recommended in-stream or in-
Take conditions. Gross loads that generate concentrations an order of magni-
tude Targer 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 Tand use
factors affecting water quality; that is, dependent water 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 Takes 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'
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
water 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 modeling 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 1is 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/1 for Bevens Creek,
whereas this section shows a value of 131 mg/1 (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
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Table 21
METROPOLITAN AREA SECONDARY WATERSHEDS

Percent Reduction

i Needed for
Secondary Watershed Subwatershed* Guideline**
Bassett Creek Upper 43 TSS
Lower 22% CoD
Bevens Creek Mainstem : 77% TSS
Silver Creek 40% TSS
Big Marine-Carnelian 68% TPx**
Black Dog Lake (BLA) O TSS
Bluff Creek 63% TSS
Brown's Creek 0% TSS
Cannon River 22% TSS
Carver Creek 0% TSS
Chaska Creek 0% TSS
Chub Creek % TSS
Clark's Lake 72% TSS
Coon Creek Mainstem urban 71% Pb
Mainsten rural 85% TP
Sand Creek 0% TSS
Cottage Grove 0% TSS
Cottage Grove Ravine 23% TSS
Credit River 12% TSS
Crow River South Fork % TSS
Mainstem 58% TSS
Sar ah Creek 84% TP
Pioneer Creek 19% TSS
Winsted Lake 84% COD
Elm Creek 77% TP
Gun Club Lake (GUN) 0% TSS
Hazeltine-Bavaria Creek 4% TSS
Lower Minnesota River LML, LMN 61% TSS

(LMN)
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Table 21 (Contd.)
METROPOLITAN AREA SECONDARY WATERSHEDS

Percent Reduction

Needed for
Secondary Watershed Subwatershed* Guideline**
Lower Mississippi River Major (0-91) 9% TSS
(LMS) South (0-96) 44% TSS
Lower St. Croix River Basswood Grove 73% TSS
Afton 70% TSS
Marine-on-the St. Croix 6% TSS
Middle Minnesota River GRA (Grass Lake) 0% TSS
(MMN) UMN-4 0% TSS
Middle Mississippi River North 29% COD
(MMS) Middle 40% cOoD
Southeast 6% COD
Minnehaha Creek Upper 69% TP
Lower 46% TSS
Nine Mile Creek 43% TSS
Purgatory Creek 0% TSS
Ramsey-Washington Metro North 66% TSS
South 0% TSS***
Rice Creek Upper 69% TP
Lower 0% TP***
Riley Creek 94% TP
Robert's Creek 0% TSS
Rum River Cedar Brook 9% TSS
Ford Brook 23% TSS
Lower Rum urban 70% Pb
Lower Rum rural 91% TP
Seelye Brook 72% TSS
Sand Creek 0% TSS
(Scott County)
Shakopee (8-136) 64% TSS
Shingle Creek Upper 0% TSS
Lower 45% COoD
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Table 21 (Contd.)
METROPOLITAN AREA SECONDARY WATERSHEDS

Percent Reduction

Needed for
Secondary Watershed Subwater shed* Guide line**
Spring-Prior Lake Spring Lake 97% TP
Prior Lake 8% TP
St. Paul-Ransey North : 0% TP*x*
South 62% TSS
Sunrise River South Branch 80% TSS
West Branch 79% TSS
Upper Minnesota River Minn 8-126 61% TSS
(UMN) Belle Plaine 78% TSS
Upper Mississippi River Anoka (Rum 7) 50% Pb
(UMS) Coon Rapids 8% TP
UMS 1-2 30% Pb
Osseo 64% Pb
Valley Branch and Stillwater 36% TSS
Middle St. Croix(2)
Vermillion River North Branch 1% TSS
Mainstem 53% TSS
Hardwood Creek (0-97) 7% TSS )

* Listed only if subwatershed used in subsequent analysis.
** Does not include priority lakes' recommendations.
*%k See text for special explanation.
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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®
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 Timited
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
lTocates the watershed within the Region. Table 22 steps through the management
needs and Tists 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 mi1lion 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 every one 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. A1l 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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Watershed

Bassett Creek

Bevens Creek

Big Marine -
Carnelian

Subwatershed

Upper Bassett -

Medicine Lake* -

Lower Bassett -

Mainstem -

Silver Creek -

Big Marine Lake* -

Big Carnelian Lake* -

Table 22

SECONDARY WATERSHED MANAGEMENT PRACTICE RECOMMENDATIONS

Practice and Unit Cost

356 acre-feet of detention at $250 per acre-
foot.

Additional 356 acre-feet of detention focusing
on commercial/industrial and residential areas
at $500 per acre-foot.

Information and education program for owners
directly tributary to lake for $2,000 per year.
Intensive housekeeping: 1,160 curb miles** of
street sweeping at $100 per curb mile; Teaf/
litter removal program at $10,000 per year.

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

Intensive housekeeping: 1,500 curb miles of
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
achieve further reduction.

2,345 acres of cropland conservation practices
on acreage needing treatment at $10 per acre.

255 additional acres of cropland conservation

at $10 per acre.

13,800 feet of streambank protection {both sides)
on worst erosion area at $10 per foot of channel.
3,000 acres of noncropland critical area treat-
ment at $75 per acre.

470 acres of cropland conservation practices

on acreage needing treatment at $10 per acre.
470 additional acres of cropland conservation
at $10 per acre.

400 acres cropland conservation practices on
acreage needing treatment at $10 per acre.
400 additional acres cropland, conservation at
$10 per acre.

480 acres cropland conservation practices on
acreage needing treatment at $10 per acre.
240 additional acres cropland conservation at
$10 per acre.

Wetland diversion of runoff.

Total
Cost
(x_$1,000)
89.0

178.0

2.0
126.0
294.0
262.5
262.5

23.5
2.6
138.0
225.0

4.7

4.7

4.0
4.0

4.8
2.4
5.0

Priority

Pollutant

TSS
TSS

P

TP

TP

coD

coD

TSS
TSS
TSS
TSS

TSS
TSS

TP
TP

P
P
TP

Load
Reduction
_(dbs)__

58,000
58,000

52
475
525
100,000
100,000

440,000

48,500
113,500
275,000

410,000
410,000

526
526

520
256
170

Flow-Weighted
Mean
Concentration

_ (mg/7)

41.
30.

57

50.

80.

75
62

30.

40.
30.

5
0

.28
.19

.10

.00

00

00

.00
.00

00

00
00

.23
.10

.22
.15
.10
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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) Pollutant _ (Jbs)  _ (mg/1)
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.
BI1uff 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 1SS 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 4.0 - TSS 494,700 30.00
on acreage needing treatment at $10 per acre.
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 IS8 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.
*** AT] management practices in watershed focused on priority lake cleanup.




1722}

Watershed

Coon Creek

Cottage Grove
Cottage Grove
Ravine

Credit River

Crow River

Subwatershed

Mainstem (urban)

Mainstem (rural)

Crooked, Ham,
Netta Lakes*

Sand Creek

Mainstem

Mainstem

Mainstem

Orchard Lake*

Mainstem

Lake Rebecca*

Table 22 (Contd.)

SECONDARY WATERSHED MANAGEMENT PRACTICE RECOMMENDATIONS

Practice and Unit Cost

784 acre-feet of detention in urban area at
$50 per acre-foot.

Intensive housekeeping in foon Rapids and
Blaine; 2,400 curb miles street sweeping at
$20 per curb mile; $10,000 for leaf/litter
program.

1,211 acres of cropland conservation practices
needing treatment at $10 per acre.

2,006 acres of noncropland critical area
treatment at $75 per acre.

3,274 additional acres of noncropland critical
area treatment at $75 per acre.

Information and education program on phosphorus
fertilizer use/overuse.

682 acres of cropland conservation practices
on acreage needing treatment at $10 per acre.
Additional 682 acres of cropland conservation.

Guideline met for TSS and TP; no further manage-

ment practices recommended.

Guideline met for TSS; no further management
practices recommended.

4,400 acres of cropland conservation practices
on acreage needing treatment at $20 per acre.

3,655 acres of cropland conservation practices
on acreage needing treatment at $20 per acre.

596 acres around lake managed for stormwater;
wetland discharge.

23 acres of tropland conservation practices on
acreage needing treatment at $10 per acre.

225 acre-feet of detention at $100 per
acre-foot.

2,056 acres of cropland conservation practices
on acreage needing treatment at $10 per acre.
2,056 additional acres of cropland conserva-
tion at $10 per acre.

Guideline met for TP; no further management
practices recommended.

Total
Cost Priority
(x $1,000) Pollutant
39.2 Pb
58.0 Pb
12.1 TP
150.5 TP
245 .6 ™
10.0 TP
6.8 P
6.8 P
88.0 1SS
58.5 TSS
5.7 TP
0.2 P
22.5 P
20.6 TSS
20.6 T5S

Load
Reduction
_(1bs)

310

310

3,426
2,564
4,313
1,675

195
195

570,000
192,000

450
130
320

390,000
390,000

Flow-Weighted
Mean
Concentration

_ (mg/1)_

0.11
0.0%

0.50
0.38
0.15
0.10

0.39
0.10

30.00

30.00

0.28
0.22

0.10

50.00
30.00
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1 22 (Contd.)
SECONDARY WATER>:wd m~nNAGEMENT PRACTICE RECOMMENDATIONS

Flow-Weighted

Total Load Mean
Cost Priority Reduction Concentration
Watershed Subwatershed Practice and Unit Cost (x $1,000) Pollutant _ (dbs)_ _(mg/1)
Sarah Creek *** ~ 136 acres of cropland conservation practices 2.0 P 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 1SS 230,000 30.00
on acreage needing treatment at $15 per acre.
Independence and - 169 acres of cropland conservation practices 2.5 P 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
practices recommended.
Winsted 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 cob 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 P 3,375 0.10
cropland needing treatment at $30 per acre.
Fish Lake* - Information and education program for home- 5.0 P 80 0.97
owners around lake.
- 162 acre-feet of detention at $50 per acre-foot. 8.1 P 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.
*** A1l management practices in watershed focused on priority lake cleanup.
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Watershed Subwatershed

Weaver Lake*

Gun Club Lake

Hazeltine- "Mainstem
Bavaria Creek

Bavaria Lake*

Lower Mainstem
Minnesota
River

Lower Mainstem
Mississippi
River

South Portion

Lower Basswood Grove
St. Croix
River

Table 22 (Contd.)

SECONDARY WATERSHED MANAGEMENT PRACTICE RECOMMENDATIONS

Practice and Unit Cost

48 acres of cropland conservation practices
on acreage needing treatment at $10 per acre.
40 additional acres of cropland conservation
at $10 per acre.

Information and education program for home-
owners around lake.

Guideline met for TSS; no further management
practices recommended.

2,112 acres of cropland conservation practices
on acreage needing treatment at $10 per acre.
900 acre-feet of lowland and wetland detention
at $250 per acre-foot.

126 acres of cropland conservation practices
on acreage needing treatment at $10 per acre.
84 acres of cropland conservation practices
on acreage needing treatment at $10 per acre.
35 acres noncropland critical area treatment
at $75 per acre.

1,920 feet of channel erosion control along
Minnesota River bluff focusing on worst areas
at $100 per foot.

240 acre-feet of detention associated with
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
at $100 per curb mile plus $25,000 leaf/litter
program.

200 additional feet of bluff erosion control.

600 curb miles of street sweeping in urbanized
portion of watershed at $150 per curb mile plus
200 catch basins cleaned at $15 per catch basin.

1,382 acres of cropland conservation practices
on acreage needing treatment at $25 per acre.
1,382 additional acres cronland conservation
at $25 per acre.

4,080 acres of cropland conservation practices
on acreage needing treatment at $25 per acre.
720 additional acres cropland conservation

at $25 per acre.

675 feet of channel stabilization in worst
erosion areas along bluff at $60 per foot.

Total
Cost Priority
(x_$1,000) Pollutant
0.5 TP
0.4 P
1.0 TP
21.1 1SS
225.0 TSS
1.3 ™
0.8 TP
2.6 TP
192.0 7SS
746.0 TSS
235.0 TSS
20.0 TSS
93.0 TSS
34.6 TSS
34.6 1SS
102.0 TSS
18.0 TSS
40.5 TSS

Load
Reduction
_(Ibs)__

70
57

18

193,500
210,000

210
140
74

442,000

116,700

265,500

46,000
222,000

107,300

107,300

601,000
106,000
545,000

Flow-Weighted

Mean

Concentration
_(mg/1)

0.25
0.12
0.10

54.00
30.00

0.33
0.18
0.10

53.00

47.00

32.50

30.00
30.00

42.00

30.00

74.00
67.00
30.00
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Watershed Subwatershed
Afton
Marine on Mainstem
St. Croix

Square Lake*

Middle Grass Lake
Minnesota
River
UMN-4
Middle North
Mississippi
River
Middle
Southeast
Middle

St. Croix River

Minnehaha Creek Upper***

* One of 97 priority lakes.

. 22 (Contd.)

SECONDARY WATERS®.0 MANAGEMENT PRACTICE RECOMMENDATIONS

Practice and Unit Cost

2,260 acres of cropland conservation practices
on acreage needing treatment at $25 per acre.
272 feet of channel stabilization in worst
erosion areas along bluff at $60 per foot.

884 acres of cropland conservation practices
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

" at $300 per curb mile plus clean 225 catch

basins at $16.80 per basin.
300 curb miles street sweeping in Minneapolis

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

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

30 curb miles street sweeping in Minneapolis
at $300 per curb mile plus clean 25 basins at
$6.80 per basin.

See Valley Branch.
19.2 square miles cropland conservation prac-

tices on acreage needing treatment at $20 per
acre.

6.37 additional square miles cropland treatment.

4,570 acre-feet of lowland and wetland
detention at $250 per acre-foot.

Total
Cost
(x $1,000)

56.5
16.3

8.8

318.8
91.4
2100.0

9.4

245.8

81.5
1142.5

Priority
Pollutant

1SS
TSS

TSS

cop

cop

€oD

cop

TP

TP
TP

** Indicates miles per year; e.g., 145 actual curb miles swept eight times per year equals 1,160 curb miles.
*** A1l management practices in watershed focused on priority lake cleanup.

Load
Reduction
__(Ibs)__

682,500
682,000

88,500

236,000

98,000

107,500

4,250

6,730

2,240
4,500

Flow-Weighted
Mean
Concentration

__(mg/1)
66.00
30.00

30.00

50.00

62.00

50.00

50.00




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) Pollutant _(bs)_ _ (mg/1)
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 1SS 332,500 36.00
catch basins.
1,930 acre-feet of detention focusing on infil- 5790.0 7SS 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.
Nokomis* 1,560 curb miles of lake priority street 516.8 P 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
Bg Creek on existing storage at $250 per acre-foot.
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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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) Pollutant _{dbs)  _ (mg/1)
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 P 122 0.10
i 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 storage area and in lowland/wetland
areas at 3500 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-
tion and education program for Tlakeshore

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- 66C.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.
*** AT1 management practices in watershed focused on priority lake cleanup.
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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) Pollutant  _ (Ibs)  _ (mg/1)
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 ils 132 0.36
at $70 per curb mile.
~ 89 acre-feet of detention at $250 per acre- 22.2 P 173 0.10
foot.
Riley Creek Mainstem*** - 1,115 acres cropland conservation practices on 16.7 P 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 P 1,300 0.10
ment at $75 per acre.
Robert's Creek Mainstem - Guideline for TSS met; no further management
practices recommended.
Rum River Cedar Creek - 560 acres cropland conservation practices on 5.6 1SS 124,000 30.00
acreage needing treatment at $10 per acre. ’
Ford Brook - 2,880 acres cropland 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 P 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 detentjon 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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Watershed

St. Paul -
Ramsey

Sand Creek

Shakopee

Subwatershed

Seelye Brook

North Portion***

South Portion

Mainstem

Cedar Lake*

McMahon Lake*

Mainstem

0'Dowd and
Thole Lakes*

* 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.
***% A1l management practices in watershed focused on priority lake cleanup.

- 22 (Contd.)
SECONDARY WATERSHED MANAGEMENT PRACTICE RECOMMENDATIONS

Practice and Unit Cost

300 acres cropland conservation practices
on acreage needing treatment at $10 per acre.

Information and education program for home-
owners tributary to high priority water
supply lakes.

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

1,062 acre-feet of detention in rural part of
watershed at $250 per acre-~foot.

936 additional acre-feet of urban area deten-
tion at $500 per acre-foot.

3,900 curb miles of street sweeping at $200
per curb mile plus clean 650 catch basins at
$15 per basin.

1,625 acre-feet of urban area detention focus-

ing on infiltration-type MPs at $3,000

- per acre-foot.

Guideline for TSS met; no further management
practices recommended.

263 acres cropland conservation practices on
acreage needing treatment at $10 per acre.

55 acres cropland conservation practices on
acreage needing treatment at $10 per acre.

5,864 acres cropland conservation practices
on acreage needing treatment at $15 per acre.
773 acre-feet of detention at $100 per acre-
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-
ment at $75 per acre.

350 acres cropland conservation practices on
acreage needing treatment at $10 per acre.
86 acres noncropland critical area treatment
at $75 per acre.

Total
Cost
(x_$1,000)

3.0

5.0

788.0

265.5
468.0

790.0

4875.0

2.6

0.6

88.0

93.7

126.0
3.5
6.4

Priority
Pollutant

TSS

TP

k%

TP
TP

7SS

TSS

TP

TP

TSS

TSS

1SS
TP
TP

Load
Reduction

_{Ibs)
303,530
445

1,650

1,112
980

1,760,000

400,000

130
32
769,000

256,500

615,000
500
345

Flow-Weighted
Mean
Concentration

_ (mq/1)
30.00
0.31

0.22

0.16
0.10

39.00

30.00

0.10

58.00
50.00




Table 22 {Contd.)
SECONDARY WATERSHED MANAGEMENT PRACTICE RECOMMENDATIONS

Flow-Weighted

etl

Total Load Mean
v Cost Priority Reduction Concentration
Watershed Subwatershed Practice and Unit Cost (x_$1,000) Pollutant - _ (Ibs)  _ (mg/1)
Shingle Creek Upper Mainstem Guideline for TSS met; no further management
' practices recommended.
1
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 CcoD 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 CcoD 244,000 50.00
into existing storage.
Twin Lakes* Information and education program for 5.0 P 96 0.16
’ lakeshore homeowners.
360 curb miles of priority street sweeping at 72.0 P 307 0.10
~ $200 per curb mile.
Spring-Prior Spring Lake*** 5,900 acres cropland conservation practices 442.5 P 3,900 0.89
Lakes on acreage needing treatment at $75 per acre. :
Information and education program for lake- 1.0 i3 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 P 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 P 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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Watershed

Upper
Minnesota River

Upper
Mississippi
River

Subwdatershed

Forest Lake*

Coon Lake*

Bone Lake*

West Branch

Island, Linwood
and Martin Lakes*

MN 8-126

Belle Plaine

Anoka Rum 7

Coon Rapids

Table 22 (Contd.)
SECONDARY WATERSHED MANAGEMENT PRACTICE RECOMMENDATIONS

Practice and Unit Cost

800 curb miles of residential street sweeping
and 470 curb miles of commercial industrial
sweeping.

245 acres cropland conservation practices on
acreage needing treatment at $10 per acre.
195 acre-feet of detention at $25 per acre-
foot.

Information and education program for home-
owners and development of a housekeeping
program.

153 acre-feet of detention in wetlands at

$100 per acre-foot.

206 additional acre-feet of wetland detention.

466 acres cropland conservation practices on
acreage needing treatment at $10 per acre.
466 acre-feet of detention in lowlands/

wetlands at $100 per acre-foot.

1,160 acres cropland conservation practices on
acreage needing treatment at $10 per acre.

213 acres cropland conservation practices on
acreage needing treatment at $10 per acre.
490 acres noncropland critical area treatment
at $75 per acre.

725 acres cropland conservation practices on
acreage needing treatment at $15 per acre.

1,810 acres cropland conservation practices on
acreage needing treatment at $10 per acre.

215 feet of channel stabilization on worst
erosion area at $60 per foot.

Use same plan for City of Anoka as recommended
previously.

300 curb miles of priority street sweeping

at $100 per curb mile plus $20,000 for catch
basins and leaf/litter program.

210 acre-feet of detention at $250 per
acre-foot.

705 acre-feet of additional storage in urban/
urbanizing area at $500 per acre-foot.

Total
Cost
(x_$1,000)

25.5
2.5
4.9

6.0

15.3
20.6
4.7

46.6
11.6

2.1
36.8

10.7

18.1
12.9

50.0

52.5
352.5

Priority
Pollutant

TP
TP
TP

TP

TP
TP
P
TP

TSS

TP
TP

TSS

TSS
TSS

Pb

TP

TP
TP

Load

Reduction
__(Ibs)__

600
940
600

165

470
635
475

922

256,300

612
1,090

212,000

186,440
93,600

154

1,420

600
2,020

Flow-Weighted
Mean
Concentration

_ fmg/1)

0.71
0.53
0.10

0.89

0.55
0.10
0.63

0.10
30.00

0.74
0.10

30.00

73.00
30.00

0.05
0.63

0.51
0.10
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Watershed

Valley Branch
and Middle
St. Croix

Vermillion
River

Subwatershed

UMS 1-2

Stillwater Basin

TriQLakes*
Lake Elmo*

North Branch

Mainstem

Marion Lake*

* 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.
*** A1l management practices in watershed focused on priority lake cleanup.

Table 22 (Contd.)

SECONDARY WATERSHED MANAGEMENT PRACTICE RECOMMENDATIONS

Practice and Unit Cost

1,068 acre-feet of detention at $250 per
acre-foot.

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

725 acre-feet of detention at $250 per
acre-foot.

4,715 acres cropland conservation practices on
acreage needing treatment at $10 per acre.

864 acre-feet of detention in upper water-
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
acreage needing treatment at $10 per acre.
144 acre-feet of detention at $100 per
acre-foot.

52 acres cropland conservation practices on
acreage needing treatment at $10 per acre.
92 acre-feet of detention at $100 per
acre-foot.

5,978 acres cropland conservation practices on
acreage needing treatment at $10 per acre.

547 acre-feet of urban area detention in
lowland areas at $100 per acre-foot. .
3,013 acres noncropland critical area treatment
at $75 per acre.

17,820 acres cropland conservation practices on
acreage needing treatment at $10 per acre.
7,094 acres noncropland critical area treat-
ment at $75 per acre.

328 acres cropland conservation practices

on acreage needing treatment at $10 per acre.
230 acres noncropland critical area treat-
ment at $75 per acre.

Total
Cost
(x_$1,000)
267.0

99.1
181.2

47.2
31.6

0.8
14.4

0.5
9.2

59.8
54.7
226.0

178.2
532.0

3.3
17.2

Priority
Pollutant

Pb
Pb

Pb

1SS
TSS

TP,
TP

TP
TP

1SS
TSS
1SS

TSS
TSS

TP
TP

Load
Reduction

_(bs)__

172
1,295

220

1,338,000
500,000

330
360

210
230

810,000
175,000
1,215,000

2,854,000
2,320,000

2,450
715

Flow-Weighted
Mean
Concentration

_ (mg/7)
0.05

0.07
0.05

35.00
30.00

0.47
0.10

0.45
0.10

76.00
70.00
30.00

45.00
30.00

0.49
0.10
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Watershed Subwatershed

Crystal Lake*

Hardwood Creek

Table 22 (Contd.)

SECONDARY WATERSHED MANAGEMENT PRACTICE RECOMMENDATIONS

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.

Total
Cost
(x_$1,000)
1.0

5.8

52.5

Priority

Pollutant

TP

TP

7SS

Load
Reduction

__{(1bs)__
360

425

1,462,500

Flow-Weighted
Mean
Concentration

__(mg/1)
0.75

0.10

82.00



Category

Rural
Watershed

Rural Lakes

Urban
Watershed

Table 23

SUMMARY BY MANAGEMENT PRACTICE FAMILY (WITH COSTS)

Family
Conservation

treatment
rowcYrops

Noncrop treatment

Nonstructural
detention

Intensive house-
keeping

Channel stabiliza-
tion

Conservation
treatment
rowcrops

Noncrop treatment

Nonstructural
detention

Intensive house-
keeping

Stormwater
management

Information and
Education
(Lakeshore owners)
Detention/storage
Intensive house-
keeping

- Street sweeping
- Catch basin

cleaning

- Leaf/1itter
program

Channel stabiliza-
tion

Application
Amount

111,962 acres

31,943 acres

9,153 acre-
feet

4 urban areas

16,037 feet

17,228 acres

11,571 acres

6,221 acre-
feet

5 urban areas

569 acres

3 Takes

13,031 acre-
feet

20,001 curb
miles

18,177
catch basins

3 cities

2,122 feet
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Cost Range Total Cost
$10-25/acre  $1,495,800
$75/acre 2,396,000
$50-250/ 919,100
acre-foot
$10,000- 94,000
56,000 each
$10-60/foot 272,200
$10-15/acre 188,700
$75/acre 867,800
$20-850/ 518,400
acre-foot
$10,000- 90,500
66,000 each
$10/acre 5,700
$1,000- 7,000
$5,000
$250-5,000/ 17,997,800
acre-foot
$50-299/ 3,192,600
curb mile
$15-17/ 271,500
basin
$10,000- 65,000
35,000 each
$100/foot 212,200




Category

Urban Lakes

Table 23 (Contd.)

SUMMARY BY MANAGEMENT PRACTICE FAMILY (WITH COSTS)

Family
Detention/storage
Intensive house-

keeping

- Street sweeping

- Catch basin
cleaning

- Leaf/litter
program

Information and
Education
(Lakeshore owners)

Total Initial Costs

Annual Operation
and Maintenance

Application
Amount Cost Range Total Cost
14,068 acre- $250-3,000/ 8,645,400
feet acre-foot
7,062 curb $70-299/ 1,589,100
miles curb mile
9,150 $17-25/basin 162,700
catch basin
2 lakes $10,000- 30,000
20,000 each
8 lakes $1,000-5,000 29,000
$39, 382,300
$10,051,800
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10.

11.

12,

13.

14.

Watersheds 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.

Hatershed 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.

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,
"critical areas" causing the worst problems should be defined and addressed
first,

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.

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

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

Comprehensive stormwater management should be undertaken by every secondary
watershed, with local community plans then developed within the watershed
framework .

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.
2.

10.

11.

12.

13.

14,

Nonpoint source pollution is a widespread and serious problem in the ™ .on.

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

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

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.

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

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

Wetland and surface water area in a watershed play a 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).

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.

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

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

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

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

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.

A lakes sampling program conducted by the Metropolitan Council and reported

by Osgood (Metropolitan Council, 198la) shows that lakes within the Region
are also negatively impacted by nonpoint source pollution.
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15,

16.

17.

18.

19.

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.

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

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

Because each watershed has unique characteristics and problems, management

solutions have to be individually designed to address identified priorities.

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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LABORATORY METHODS
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Parameter
Metals:

Pb, Zn, Cd, Fe,
Mn, Cr, Cu, Ni

Total Phosphorus

Dissolved Phosphorus

“issolved NO2-NO3-N

Dissolved NHq -N
Total Kjeldahl-N

Dissolved Kjeldahl-N

Total Kjeldahl-N
less than 4u

Total Phosphorus
less than 4u

Total Suspended -
Solids

Dissolved Solids

Jolatile Suspended
Solids

METROPOLITAN WASTE CONTROL COMMISSION
QUALITY CONTROL LABORATORIES

208 Non-Point Discharge Study

1980
Analytical Methods

*Laboratory Method

Low Level: Flameless Atomic Absorption
Spectrophometric

High Level: Atomic Absorption, Flame
Spectroscopy, direct aspiration

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

0.45u filtration (prior to delivery to lab),
Persulfate digestion (semi-micro), automated
phosphomotlybdate 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

Tab). 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 gliass fiber

filter, dried at 103°C and weighed.

Gravimetric, filtrate sample evaporated to dryness
an 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
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13.
14.

15.

16.

17.
18.
19.

20.

21.

22.

Parameter

Total COD

Total Organic Carbon

Dissolved Organic

Carbon

Dissolved COD

Fecal Coliform
Fecal Streptacoccus

BODs

Carbonaceous BOD5

Ultimate BOD

PCB

Laboratory Method

Dichromate reflux method

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

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 D#lutionTechnique Membrane Electrode
Readout for Dissolved Oxygen, N-Serve used as
nitrification inhibjtor

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 m1) cleaned with florisil and hexane followed by
mercury and sulfuric acid. 5 ul of cleaned extract
is injected on an 0V-17/0V 210 GC column and detected

by electron capture

e e P et oo e




References for Analytical Procedures

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

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

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

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

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

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

Normalized Loads*

Station KNONN TN TP So,
1. Bevens:
Dryfall Mean (n=9) .161 .037 .198 .024 .175
S. D. .225 .042 . 265 .039 .140
Wetfall Mean (n=9) 2.32 1.24 3.57 077 5.18
S. D. 1.0 .56 1.37 .05 2.2
2. Cottage Grove:
Dryfall Mean (n=5) .048 .031 .079 .004 176
S. D. .019 .008 .026 .004 .087
Wetfall Mean (n=4) 1.36 .79 2.17 .061 4.6
S. D. .45 .17 .64 .037 2.4
Compos~- Mean (n=3) .147 .063 - .005 77
ite S. D. .075 .04 .004 .35
3. Eden Prairie:
Dryfall Mean (n=9) .056 .034 .092 011 .186
S. D. .044 .033 .073 .007 .107
Wetfall Mean (n=9) 2.04 .98 3.03 .034 4.5
S. D. 2.56 27 2.60 .019 1.3
4, Minneapolis:
Dryfall Mean (n=8) .059 026 .085 .007 22
S. D. .04 .01 .002 .008 47
Wetfall Mean (n=8) 1.45 .87 2.31 112 5.2
S. D. .42 .29 .62 .09 3.7
5. Maplewood:
Dryfall Mean (n=7) .06 .03 .091 .007 .179
S. D. .039 .007 .041 .005 .051
Wetfall Mean (n=7) 1.44 .96 2.4 .091 4.4
. S. D. .68 .21 .8 .071 2.4
6. Shingle:
Dryfall Mean (n=5) .088 .023 .109 .016 .147
S. D. .044 .014 .047 .022 .049
Wetfall Mean (n=4) 3.06 2.36 5.45 173 14,1
S. D. 2.55 1.87 4,37 133 17.6
Compos- Mean (n=4) .31 A1 - .008 .96
ite S. D. .10 .09 .008 .55

*  Dryfall and composite in mg/sq ft/day.
Wetfall in mg/sq ft/inch of precipitation.

B-2

.032
.179

.043
.028

1.5
.85

.019
.02

.0008
.0009

.015
.007
0001
.0007

.008
.006

.002
.001
.002
.002
.012
.007
.002
.001
.023
.012
.0012
.0006
.019
.012
.0016
.001

.034
.043

.003
.002




Site

Bevens

Carver

Raven

Credit

Vermillion

Elm

Shingle

Bassett

Purgatory

80th St.

Iverson

Hwy. 100

Wesley

Sandburg

Estates,

Yates

PDQ

Dryfall
Wetfall
Total

Dryfall
Wetfall
Total

Dryfall
Wetfall
Total

Dryfall
Wetfall
Total

Dryfall
Wetfall
Total

Dryfall
Wetfall
Total

Dryfall
Wetfall
Composite”
Total

Dryfall
Wetfall
Total

Dryfall
Wetfall
Total

Dryfall
Wetfall
Composite
Total

Dryfall
Wetfall
Composite
Total

Dryfall
Wetfall
Total

Dryfall
Wetfall
Total

Dryfall
Wetfall
Total

Dryfall
Wetfall
Composite
Total

Dryfalil
Wetfall
Composite
Total

Dryfall
Wetfall
Composite
Total

WETFALL/DRYFALL TOTALS (pounds)

TKN

269,000
251,000
520, 000

202,800
202,000
404,800

107,600
83,000
190,600

28,000
85,000
113,000

37,200
113,000
150,000

17,200
48,000
65,200

33,000
81,000
43,600
157,600

41,200
63,000
104, 200

29,000
71,000
100,000

1,210
2,270
1,000
4,480

118
2,270
97
387

652
936
1,588

445
655
1,100

161
240
401

315
777
416
1,508

504
1,236
669
2,409

156
386
542
2,409

Table B-2

N/N

63,600
120,000
183,600

50,000
97,000
147,000

25,000
40,000
65,000

17,600
40,700
58,300

23,300
54,000
77,300

10,800
25,000
35,800

8,500
62,000
13,400
83,900

18,000
32,000
50,000

18,000
31,700
49,700

800
1,270
400
2,470

78
1,270
39
217

274
531
805

186

373
559

69
136
205

82
589
128
799

130
938
205
1,273

98
174
272

1,273

™

338,400
371,000
709,400

253,000
299,000
552,000

132,600
123,000
255, 600

45,500
125,700
171,200

50,000
167,000
217,000

28,000
73,000
101,000

51,500
143,000
57,000
251,500

59,000
95,500
154,000

47,000
102,700
149,700

2,000
3,540
1,400
6,940

194
3,540
136
602

924
1,467
2,391

631
1,028
1,659

230
376
606

394
1,366
544
2,304

630
2,174
874
3,678

254
560
814
3,678

B-3

TP

44,200
7,700
51,900

14,600
6,200
40,800

17,000
2,700
19,700

5,300
1,400
6,700

7,200
1,900
9,100

3,300
800
4,100

6,500
4,100
1,000

11,600

5,500
5,800
11,300

5,600
1,100
6,700

110
104
34

248

10
104
3
21

86
85
171

57

60
117

21
22
43

62
40

9
111

99
63
15
177

31

6
37
177

S0

191,300

509,000
700,300

244,000
407,000
751,000

122,000
171,000
293,000

93,300
172,000
265,300

124,000
228,000
352,000

57,400
99,000
156,400

59,000
425,000
110,800
594,800

149,000
196,000
345,000

97,000
131,000

228,000

4,790
7,030
4883

16,703

464
7,030
474
1,491

2,400
2,764
5,164

1,621

1,936 .

3,557

5,921
706
1,298

564
4,113
1,065
5,732

897
6,536
1,696
9,129

522

740
1,262
9,129

a1

80,000
83,000
163,000

62,700
66,000
128,700

31,300
28,000
59,300

11,000
21,300
32,300

14,700

27,600
42,300

6,800
11,400

' 18,200

17,500
30,000

5,900
53,400

23,600
23,000
46,600

11,400
18,000
29,400

590
520
645

1,755

58
520
59
158

360
342
702

236

239
475

88
87
175

169
291

56
516

306
461
89

856

62

99
161

856

o o

oM B O~ (S AR &) BN Y N W

-

—

[y

b

[ N

W =

N = W N

oo — U O WO v O O

0o s 00w

. = P P
BT sl VL R Co I = N A PO ro

BwWwo ;O ;o




Appendix C
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 Cl 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) Evaluate
Minneapolis/ 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
(Golden valley)
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)
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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 Targe 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 durat1on 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 1nch
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:

_ 8,760 hours per year
Average number of storms = = 104
84Lhours

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 MwcCC, 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.
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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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Table D1, Basin Characteristics for Urban Sites

NAME LUAGT LUURE LUYE D LURTR LUWTHK LURMF LURSF LURLD LURND LURKD LucI Luos POPDN ACCON
BASET 36.0 £4,0 £ €.t 14.5 2.7 37.9 18.6 19.3 0 18.1 5.3 3.4 342
PUKGA ny,7 S9.3% | 4,4 19.4 2.4 03.1 a3 0.0 0 £.3 5.5 1.6 533
SHING 54,8 as.,2 e.c 4. 12.8 2.1 17.8 ° 6.2 11.6 0 20.4 4,9 1.9 - 2¢0
EL1GHT 10.8 8G.¢ 1.8 0.0 1.5 0.0 67.8 0.2 67.6 0 4.1 17.3 5.5 25
VEKS 3.7 46,3 ¢t Goh 0.0 0.0 32.5 0.0 32.5 0 0.0 13.8 406.0 33
pu 0.3 100.7 ¢.0 0.0 0.0 18.8 69,4 69.4 0.0 0 1.0 11.5 678.0 9
0100 0.0 100.0 £.2 0.0 0.3 0.0 80.5 0.0 80.5 0 19.5 0.0 2008.0 1
Esty 10,3 89.7 0,0 0.0 4,0 0.0 83.0 - 0.0 83.0 0 0.0 6.7 1390.0 1
STAT 0.0 100.6 G.C 0.0 0.0 0.0 96.5 " 2.7 93.8 0 3.5 0.0 1271.0 0
ATES 18.4 f1.6 6.0 ¢.u 0.0 24.9 53.3 1.2 52.1 0 1.7 1.7 16440 16
juw
1
N

NAME TAKEA TCAKEA JAREA EAREA  RELEF CSLUPE DRPNS  AUFLGw  MDITCH  PDPRSC  PAKOR  AWCA  HYSGR  MANRT

BASET 31,70 29.4 13.0 ton 308 18.3 3.67 3758 13.2 52 1.3 ‘g.ig 3.2 Jgg.g

PURGA 24,00 16.5 7.0 .0 215 12.2 - 3.51 .gzo 5.9 o i 017 23 5070

SHING  22.50 16.7 15.5 1e.? 189 6.4 12'23 3300 8.7 3 2.4 0-17 2.3 30.0

ELGHT 1.5% 1.5 j6.u 11.2 160 44,9 10.00 308 . ¢ 1.9 0-21 2-0 23.0

VERS b.1s . e 0o oe 240 3500 500 . 0 S.4 0.15 2.1 29.0

U 0.13 . .0 :, < . . . . . : %

g 0 ey : 237 e 0 §s.2 e ;33 ) 6 1.9 0.19 2.2 3000

ESLY 6.33 . 22.0 15.3 60 43.2 25 %0 200 . 5 g 0.06 1.6 30.5

STAT V.22 . 9. ro.2 re 422 ~20 450 1 8.0 0.13 2.3 .30.5

AIES .35 . '€3.0 13.3 7 10,0 55.¢ . - . d
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Table D2. Basin Characteristics for Rural Sites

STATIST1ICAL AMALYSIS SYSTEHM 13:06 FRIDAY, DECEMBER 11, 1981 3

NAME PAREA  1CAREA  [PWEM  EAREA  RELEF  CSLOPE DRDNS  AOFLOW  ¥DITCH  PDRSC  PAHCR AWCA™  HYSGR ° NANRT

S > T 44 1.1 0.22° 2.6 .30.0
BEVRS  B2.9 BO,3 1.7 1.2 126 4.1 2.m 3500 82.5
CARVE  €5.2. 63,8 2. 1.3 160 4.3 1.87 2400 40,7 31 1.5 0.25 2.6 . 30,0
CHREDT 23,2 20.9 2.0 1.5 244 15.4 362 640 18.0 26 1.6 0.21 2.2 27,5
ELVRY  1a.3 13.1 3.0 2.t 165 8.9 4.2t 000 9.6 59 0.8 0.20 2.8 30.0
RAVEN 32,4 51.% 1.5 1.9 135 8.4 3.27 300 29.4 4s 1,2 0.24 , 2.6 28,0
VERMI  30.8 30.% 1.5 1.0 198 8.4 2.1 2600 . 24,9 19 2.2 0.21 2.0 29.0

SPTATLSITICAL ANALYSIS SYSTERM 13:06 FRIDAY, DECEMBER '11,'1981 4
NAME LUABL  LUURE  LUAET  LUKIR  LUWIwK LUCRCP  LUKGW  LUSMGR  LUCKN  LUBN  LUCAT  LUWHT - LUMEAD  LUPASG. LuwgD"
MEVWS  90.0 4 s.: 0.8 o0 62.0 2.5 9.8 41.4 10.9 6.9 2.8 15.7 7 s,
CARVR T4.1 7 , 1.6 9.3 16.9 43,6 55.8 7.2 27.¢2 8.6 4.7 2.5 17.5 8 B8
CREDT 75.0. 1 11.¢ 1.6 - - 12.6 + « 33,0 29,1 3.9 18,3 10.8 3.8 0.1 9.3 16 18,
ELKRV - 74,5 9 1e.2 - 0.9 17.2 7 3%.c 26.8 6.7 18.1 8.9 6.7 0.0 11.3 i8 10
RAVERN 906.0 4 3.1 0.2 3.3 73,8 67.0 6.8 41.2 25.7 4,2 2.6 8.9 -8 . 2
VERML 87,2 8 4.8 0. 4.8 66.9 62.2 1.7 BELS 27.3 4.6 3.1 S.8 5 7
ST AT 1STICAL ANBLYSITS SYSTEM 13:06 FRIDAY, DECEMBER 11, 1981 S

NANE PCRFAT FHAAT PCRMAT ROTF USLER NUNM AU MANRT ROTFAC
FEVAS 3052.7 632.2 1996.8 18 3.21 6433 50.0 0.239
CARVR 2a54,0 731,90 16%9.2 24 3.50 SH19 30,0 0.234
CkeL1 2042 .0 8s3.2 14457 24 6.58 1365 27.5 0.210
LLFRY E37.5 2e2.s an7.5 . 3.28 167 30.0 0.085
RAVEN 3pie.2 1450 ¢ 1562 .4 17 3.63 1577 2e.0 0.347 /

VERW | age3. i 2020.2 2617.5 15 7.47 1714 29.0 V.394



Appendix E
REGIONAL LOADING DATA

(See also Payne et al., 1982)
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Table E-1.

COUNTY

Anoka

Carver

Dakota

Hennepin

Ramsey

Scott

Washington

METROPOLITAN AREA WATERSHED CODES

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 Meadow Lake
Lower Minnesota River
Minnehaha Creek

Nine Mile Creek
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

Co0
RUM
SUN
UMS

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
UMS

RWM
RIC
STP

CLA
CRE
PRI
ROB
SAN

BML
BR

CON
CoT
CGR
LMS
MSC
STC
TRO
VAL
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Table E-2. METROPOLITAN AREA WATCRSHEDS LAND USE (1930)

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 (mites®) Density Density Density Housing Industrial Vacant Land Open Water Npen Space

Anoka Co.

C00-1 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 7 4
-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 7
-2 41.7 4 * - - * 57 7 31
-3 27.6 5 3 - * 2 73 15 2

Carver Co.

BEV-1 48.9 * - - 1 97 1 *
-2 31.1 - - - o * 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 -

CrRO-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) (Cont.)

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®) 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 43,0 * * - - 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 - -
m LMS-1 13.3 9 5 - 1 9 64 1 1
£~ -2 53.9 4 15 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
-5 149 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 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 - - * g5 - 1
-3 25.4 2 3 - - * 61 7 27
-4 31.5 4 6 - 1 1 79 3 6
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Table E-2. METROPOLITAN AREA WATERSHEDS LAND USE (1980) (Cont.)

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®) Density 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
-3 1.6 - 38 - 11 - 43 - 8
-4 0.6 - 40 - 7 - 33 - 20
-5 1.8 - 22 .- 3 4 31 7 33
SHI-1 2.6 2 - - - 56 42 - -
Co- 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 - 6 239 3 28 1 1 22
UMs-1 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
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Table E-2. METROPOLITAN AREA WATERSHEDS LAND USE (1980) (Cont.)

Percent in Single

Family Housing Percent Percent in
Total Percent in Commercial  Agriculture Percent in
Tertiary Area2 Low Medium High Multifamily and and Lakes and Percent in
Watersheds  (miles®) Density Density Density Housing Industrial  Vacant Land Open Water Open Space
-5 10.0 - 25 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 - - - - 83 6 -
STP-1 40.0 - 10 38 8 22 4 7 10
-2 33.6 7 18 - 1 4 48 11 11
Scott Co.
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
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Table E-2. METROPOLITAN AREA WATERSHEDS LANND USE (1980) (Cont.)

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®) 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 -
-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

A1l 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

SAl1l62




Table E-3. Watersheds .

Agricultural
1.  No. Vermillion 22, Lower So. Fork Crow River
2.  Vermillion 23. MWinsted Lake
3. Hardwood-Miss. 97 (Ravenna) 24, Elm Creek
4. Lower Cannon 25. Riley Creek
5. Chub Creek 26. BIluff Creek
6. Miss. 96 {So. Washington Co.) 27. Hazeltine-Bavaria Creek
7. Basswood Grove 28. Chaska Creek
8. Afton 29, Bevens Creek
9. Stillwater 30. Silver Creek
10. Brown's Creek 31. Robert Creek
11. Marine-on-St. Croix 32. Sand Creek (Scott)
12. Big Marine Lake 33, Spring Lake
13. So. Sunrise 34, Shakopee
14, Rice Creek 35. Credit R.
15. Coon Creek 36. Miss. 92 (Cottage Grove Ravine)
16. Cedar Creek 37. Minn. 122 (Scott Co.)
17. Ford Brook 38. Minn. 126 (Carver Co.)
18. Lower Rum R. 39. Carver Creek
19. Crow River 40, Belle Plaine
20, Sarah Creek 41, MWest Sunrise
2l. Pioneer Creek 42, Seelye Brook

Urban

1. Lower Minnehaha Creek 34, Afton*
2. Lower Nine Mile Creek 35, Stillwater*
3. Upper Nine Mile Creek 36, Brown's Creek*
4. Purgatory Creek 37. Marine-on-St. Croix*
5. Upper Shingle Creek 38. Big Marine Lake*
6. Lower Shingle Creek 39, South Sunrise*
7. Upper Bassett Creek 40, MWest Sunrise*
8. Lower Bassett Creek ) 41, Rice Creek
9. Lower Minnesota R. (Hennepin Co.) 42. Upper Rice Creek*
10, St. Paul 43. Coon Creek*
11, St. Paul North 44, Cedar Creek*
12. Ramsey-Washington North 45, Ford Brook*
13. Ramsey-Washington South 46. Seelye Brook*
14, Lower Mississippi R. (Dakota Co.) 47. Lower Rum R.*
15. Lower Mississippi R. (Cottage Grove) 48, Lower Crow R.*
16, Black Dog Lake (Minnesota R.) 49, Sarah Creek*
17. Gun Club Lake (Minnesota R.) 50, Pioneer Creek*
18. Grass Lake (Minnesota R.) 51. Lower So. Fork Crow R.*
19. Prior Lake 52. Elm Creek*
20. Upper Mississippi R. (Anoka) 53, Riley Creek*
21, Lower Rum River (Coon Rapids) © 54, Bluff Creek*
22. Sand Creek (Anoka Co.) 55. Hazeltine-Bavaria Creek*
23. Osseo 56. Chaska Creek*
24, Upper Mississippi-Spring Lake Park 57. Bevens Creek*
25, Upper Mississippi-No. Minneapolis 58, Sand Creek* (Scott)
26, Upper Mississippi-Minneapolis 59. Spring Lake*
27. Upper Mississippi-So. Minneapolis 60, Shakopee*
28, North Vermillion* 61. Credit River*
29, Vermillion* 62. Carver Creek*
30. Hardwood-Mississippi 97* 63. Belle Plaine*
31. Lower Cannon* 64. Upper Minnehaha Creek
32. Cottage Grove Ravine* 65. Middle Minnehaha Creek
33. Basswood Grove*

* Urban part of rural watershed.

E-8
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Table Ed4a. Ten

cnoi1o

BO6AT 4o
3101929
1084092
1410324
13595421

312756

456309

263933
1256247

30901n

49hgyd

575230

8403101
29133584

427919

J63253

443890

9924248

812759

nS57n8

H3IB1HS

93002

cavish
1467062

084060

nygyd

AUz

QUSI6
nSquy2
LY 4th

178072
1709523

245949
11310078

96341

CRTOOS

7324834

387578

954384

565005
11939840

255207

T§S10

1375616
2249007
1876541
2126808
382671
134800
795714
1183000
1094966
1273541
793118
2767172
1517171
2550986
1174034
194544
275930
6RH169
726198
127627
7564924
e 3y
6HBUOH L
“is21s
63717
R P]
ageals
36503
737810
1537133
2554138
13543867
1uhoSl
11364510
632943
1654594
535418
24691
531378
2seiu6
T2u662
155191

Percent Duration Load for Rural Subwatersheds -

TN1O

150743%
459226
B8749
202018
115807
n2354
62447
169697
201467
26731
59943
65466
87709
195210
62634
68281
61637
116054
1Ki276.
21987
1449607
365220
19836
103015
24408
6737
10538
12214
50267
29352
16756
le2186
279463%
141195
53531
2214
H3793
40862
73595
41413
174611
38367

NN1O

107989
337540
22349
168773
68923
40412
50383
140991
161270
14562
Q41022
23365
50579
76183
8959
40134
29731
702¢5
142290
17357
1146064
3u5215
15962
33106
15656
2588
6307
7965
S306
1949
3256

39K53"

10509
109897
19211
15401
63562
29795
9579
34499
156933
21662

TKN1O

42754
101685
66400
33245

BeHbY

1942
12064
28706
40197
12169
16921
42101
37130

119027

53675
26147
40906
4us789
38988
4630
349238
q60o0s
3874
69909
9150
4149
4031
24y
44961
27403
7500
122333
17474
31297
34319
16813
20231
11067
63710
6914
17678
16685

TP10

588.0
26721.0
15021.4
11373.2

7976.0
2855.6
5865.1
55¢5.0
15279.0
2709.0
12783.3
11460.1
10921.0
30346.0
11706.0
6527.0
6708.0
04596,.7
9U69.0

S6l.2
12709.0
10390.0

961.0
18869.0

2882.0
1412.0
3614,.90
1689.0
5123.0
2589.90
1360.0
99643
5982.1
13974.0
9289,0
10956.4
1707.5
3118.8
18630.3
1978.6
S52%0.0
2561.0

INL1O

2.76000
4.39000
2.03000
7.71000
2.66000
5.53000
3.07308
2.25036
6.12749
2.68110
2.50951
3.69000
1,700600
6.85000
1.869000
1.36000
1.,41000
1.37000
2.20000
2.98950
3.52060
5.31000
2.81000
3.8700u0
1.56354 -
2.69000
2.093n1
5.72000
1.01000
6.69000
5.78000
9.58000
Q.26000
3.52000
4.66000
9,98000
1.16000
1.45900
3.48000
1.13000
1.70000
1.64000
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Table E4b,

Cubs50

2041011
7508947
1643370
17644362
1923262
aiynrpusS
772187
NnaT3Ius
3625390
HONH4GH8
103a455
1554073
3797911
Ggr7H00nU
4291038
12956685
12142300
27239267
2546362
SUT237
36218285
1339352
372170
SEHITAL
4993448
213744
648020
243156
6GOUG9
51247
1841407
35006363
770324
3234488
2976433
416839
1564165
TeT1FR6
2924627
1454753
1681662
786567

Fifty Percent Duration Load for Rural Subwatersheds
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2700000
8606513
3900000
3957000
655R53
533930
1655000
18620000
4256099
enengs
1117064
420626
292G01S
6792900
2735460
CTETLY
353000
1086614
1192800
175106
1130623
6HHUZUG
71079
1501550
3sta21
BEI0ORT
UrsS7449
ST164
1135093
1937874
335216
1959071
1tasses
218275%
1320102
2330000
729324
302944
746993
348000
1292942
4233540

™SO

369299
1045453
143145
223836
139876
42921
B9690
235691
5511684
46435
#3254
90925
116325
2431000
128500
95900
82140
178546
262723
30387
196203
SE6500
2Hu554
S6744Y
35552
99846
14359
16072
L 73922
6s43%a
15149
201199
00554
389277
Bs414
44743
174663
T3U2¢
103565
60041
2545140
57055

NS0

314168
810767
3IN326
129933
35169
18087
56528
200347
456542
2h598
58357
41433
62513
56555
65645
572596
31669
114055
196891
2c_2u2
122293
504004
23069
hZ2n869
12551
4031
BB364
98990
25690
15790
3090
66720
18435
296603
27293
19646
116890
42713%
14379
18686
230683
38513

TKNSU

51132
234686
104819

9£G03
104709

20834

32862

35344

Que4up

17897

U896

q9492

53612
164445

64855

43304

50311

6uu92

65832

8145
73910
62496

SHES

13r580

23001

5755

5523

6182

48232

2e64y

12059
134478

22119

92675

56121

25096

S7772

30709

Ba236

21554

23827

18542

TPSO

10592.1
43P05.7
19540.6
20205.6
18330.9
5550.2
BUSH. 4
B095.7
24645.7
5013.5
9950.8
15079.1
16803,2
05293.3
14305.7
9593,.6
9723.0
12998 .6
13425.1
31668.6
19550.8
166781
132R.4
?7159A.2
5311.0
2522.2
4477.40
2317.4
B667.3
2719.6
2346.2
357276.2
70649.3
2i2%1.3
13463.1
6762.6
11496,.6
6853.9
29850.6
4217.0
7440.2
3552.3

NSO

3.3678
S.7700
2,400
8.9%62
2.6933
6.1324
4,001}
4,800
11.8425
4.3100
73600
&.0390
2.0124
9.5200
2.2200
1.6600
1.8509
1.6500
3.04600
4.0130
4.6263
6G.A1G0
3.5000
4,9000
2.0766
4.5G9¢
S.3717
T.5285
1.1800
8.47190
hoT2U9
12.6100
O.6d424
4.0900
6. NT721
13.31°727
1.4166
1.6533
Ne6300
1.5000
2.0032
2.0153
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Table Edc.

cCongy

1166548
205719626
T065631
12069007
7500722
1886613
4455075
S5tK2794
19143991
31749171
5379166
17427920
203514929
SOHTLERRD
45h%1uGS
27673174
29111%23
Su6TusAT
54965805
1281785
1oas8396
AlLneu’
Ll onT
Y212 823%
30827523
eryseiz
dieevse
A6 27
BraLHThH
ERET RN
Gulltn
1gru9tas
SYruail19
R RUKY N
141960
Su15nh6
Hy 540359
64s7370
tOu7+8949
2009547
1uw004¢
12513964

Ninety Percent Duration Load for Rural Subwatersheds

18590

9963000
35651R874
11898446
15171000

2096729

2096729

3540433

2293200

5277557

qa70223

2960219

BUGVAY
16734474
24454440
1u542367

6HE13H
176374y

35423861

2210205

471035

2041375

2080063

25u196

3185285

TS506580
10824020
1306651

1120401

3473364

N9H0957

hlulee
qa413863

316992
afrarneg
1767879
A4N3700
1555460

771084
1516394

706040
qas5192

636233

TNIO

632601
16884449
685833
1062316
637843
157278
280512
938050
620654
159334
390460
426438
457294
1105922
362373
Q66074
385419
BEY40Y
1092927
112128
BERTY9
~2831009
124693
2637245
77099
46935
131419
72806
5271648
195366
135221
B28939
161405
461467
257972
338596
324709
156179
440151
163813
1191107
243054

NNQO

221197
8368997
344085
464031
126957
61995
87005
781762
209920
15406
154161
119588
52089
294936
1621
356944
7652¢&
674750
B69694
57090
406167
2466657
46036
2289864
10789
2828
92095
41098
89603
14538
S8774
199582
11681
151354
16644
57551
153%36
68376
122474
65625
1ouc8ey
164124

TKNSO

411404 °

1045452
341748
538285
508886

95284
193507
156288
414733
143932
236299
306850
405205
610936
360753

69130
306891
214650
223233

55038
482632
364352

38557
347377

66314

46107

39324

21708
437565
180828

76447
629357
149524
310113
241327
281049
171374

87803
317077

98188
168243

78926

P90

101885
468183
121148
225025
132392
25418
51959
6980
169804
89591
641717
124100
91744
295763
67090
51035
39864
46793
47737
5957
8521
60605
4249
129931
16992
7566
114061
6233
122602
11682
S841
tiag9v2
22274
96594
55467
267717
64722
31860
123260
16843
31463
15486

IN9O

i1.4265
23.5148
7.6100
14.0900
9.9300
17.2300
13,8500
14.8500
16.4700
16.5542
11.7560
13.0900
4.,2600
16.6600
6.3900
S5.1400
5.9200
4.,0400
7.31v0
14,0934
14,7600
18,8200
8.3600
12.0500
8.6597
15.4786
14,8600
13,0200
2.87060
14,6500
12,7000
16.9500
2.9100
10,6300
14.3997
17.4400
3.6700
3.7600
12,0100
3.8900
4.2400
6.1900



¢1-4

Table E5a. Ten Percent Duration Flow-Weighted Mean Concentration for Rural Subwatersheds

ans

EWE

~Cc U

13}

1o
11
12
13
14l
15
146
17
18
1y
2u

27
25
24
z*
s
&
2t
e
30
51
.5()
s
54
€=
EYDS
x7
30
3

Sy

41
- 42

Fwguplo

4,17
2ia.1d
N7.12
15.91
.96
36,45
440.53%
31.85
23.80
29.717
3600
2h bR
54.03
20,31
SUL R4
77.48
Son.71
101,19
635.54
13.064
23.91
1i.70
7.70
26,63
190.59%
1d.5%
.30
Y. 45
61.32
1.7
A
7.57
YUY L6
Wrend
29454
hal2
132,44
9,84
21,74
157.70
181.43
78.80

FHTSS10

E5.K95
20,40y
81.529
25,992
13,426
15.71¢2
77.309
142,74y
20,749
12.269
N%.072
12.837
102,677
20.614
bU 327
19.851
31,683
Ti.130
56.930
36,408
eH.Uus2

hehtil
19.420
Ja. 7494
31.93%9
Tu.tan
12.275

5.910
“9.571
au 525
2,502

5.969
136,990
hn.u74
21.58%
35.177
Ya,3409
62L.H006
12.105
130.442
109.513
.47.722

FHTHN1O0

7.002
3.9a4
3.456
2.279
4,063
4,937
6.067
20.47¢6
3.818
2.575
4,065
3.036
5.901
1.577
3.432
69567
7.077
t1.627
14.172
6.262
5.605
5,744
5.661
1.HTO
12.434
1.536
3.124
1.207
6. 7THYU
0,973
1.116
0,720
35.1840
5.962
1.676
0.6K5
15,143
10,394
1.677
21.422
26.530

- 11.947

FhNry 0

5.016
3.062
0.971
1.904
2.418
4,710
4,895
17.012
3,056
1.403
3.655
1.084
5,403
0.616
0.491
4,09%
2.380
7.161
11.124
4.944
4,297
S5.184
4.556
0.601
T.808
0.590
1.%06
0,787
0,716
0.068
0.33%8
0.177
1%.212
4,641
0.655
0.3527
11,487
7.579
D.225
17.851

. 23.854

6.749

FWTKNLIO

1.98%8
¢.9224
2.8849
0.3750
1.6450
0.2263
1.1721
3.4637
0.7617
1.1724
1.4093
1.9526
2.4981
0.9618
2.9410
2.8721
4.6970
4.6663
3.0481
1.3187
1.3084
0.6007
1.1062

1.2687

4.5864
0.9457
1.21583
0.4199
6.0677
0.9084
0.7762
0.5433
21.9083
1.3216
1.1704
0.357S
3.6562
2.8151
1.4515
3.5802
2.6863
5.1968

FuTP10

0,02731
0,24238
0,A5263
0.12830
0.27985
0,33285
0.56983
0,67390
0,28952
G.26100
0,9%5211
0,53152
0.,73478
0.24522
0.64360
0.66600
0.77024
G, 86844
0,74028
0.15983
0,487613
0,15601
0.27430
U,342440
1408464
0,52185
0.91092
0,16693
0.69137
0, URB582
0.1411)
G.0442%5
7.52063

~0.59609

G.31678
0.23298
0.30858
0,7933Q
0, 42494
1.02411
0.80472
0.79802
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Table ESb. Fifty Percent Duration Flow-Weighted Mean Concentration for Rural Subwatersheds

HER)

FwCOLSY

T7.69
51.82
59.3%9
16.98
4,60
44,99
51.91
24 .19
Ir,49
36,23
26,27
33,12
215.465
57.4%
200,17
1uh,33
loy.9s
189 0R
145,13
97.87
Hiv, 32
toall
84.39
[SRUI i
10,37
La.0n7
7ho353
1de7n
67055
1.34
Ihea?
135,45
$95.04
117.5%9
1T5.00
/)-,‘/'I
251 .48
171.15
s SRR
177.22
.188.91
'198.48

FuTutBo

1.9463
1.6197
3.7864
0.9626
2.6459
2.4885
2.2093
1.9666
G,9279
1.0726
0.6323%
1.0544
33,0584
1.,0724
23,0254
3.6201
4,4029
5.457G
3.7003
1.5716
2.1008
. 7549
1.2412
to9n6 s
Habrtill
1.6759
06506
O a6l
H5.5714
h.7761
bat7ng
0.t537
11,5540
3.3081
1.3/780
(. i001
6.54497
b.b509

1.%¢79-

8.3711
2.6698

- 4.6573

FATSSS0

162.78
59,69
140,97
38,51
16.57
53.50
111.26
101.27
41,73
11.99
28.37
.86
165.96
39.50
130.40
23,30
30.89
91.94
67.09
3%.79
32.23
71.97
116.09
21.5¢
134,89
b0, U1
57.22
.29
131.12
50.73
29.90
b UH
75.73
79.3%
22.41
37.14
107.93
T76.51
12.79
134.04

- 145.24

106.49

FANTNSO

14,057
7.215
5.174
2.227
3.53%
4,301
6.030

13.114
5,404
2.787
2.114
1.938
6.641
1,801
5.994
8.017
7.192

15,104

14.767
5.£63
5.593
6.B33

© 6.468
B.134

13,417
1.663
1.691
1.207
8.539
1.189
1.351
0,679

20636

14,147
2.4n
0,713

25.80d

14,580
1.77%

23.432

28.588

14.359 .

FWNNSOQ

12.111
5.595
1.385
1.265
0.889
1.812
3.820

11.148
4.476
1.714
l.482
0.883

3.553 -

0.329
2.969
4,397
2.7R9
9.651
11.067
4,291
3,086
6.080
5.220
6.147
4.730
0.739
1.041
0,743
2.967
0.413
0.276
0.225
9.%81
10,77y
0.670
0.313
17.299
9.529
0.245
15.082

©25.910

- 9.654

FHIPS0

0.,40319
0.30232
0.70632
0.19666
0.u6321
0.55618
0.56851
0,45047
D.24164
0.30048
0.25270
0.32138
0,95501

- 0.26335

0.66733
U.80200
065090
1.09988
0.75459
0.61137
0.55730
N.20118
0.300381
0.39555
2.00429
0.47048
0.52741
0.17402
1.00117
0.09738
0.20924
0.11903
3.58706
0.73599
0.530657
0.10780
1.70137
1.52903
0.51111
1.64317
0.83580
0.89403
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Table E5c. Ninety Percent Duration Flow-Weighted Mean Concentration for Rural Subwatersheds

S50

kX
3%
X
37
58
3y
40
a1y
- up

FYCHNGO

1%0.20
4B, 46
H1.49
74.13
76¢.50
TOh.58
Yh, 04U
92.94

134,496
49 .54
85,57

227.66

653,13

1846055

739.43

752.53

79615

1uH9.91

150.%6
77.44

191.9%2
34,51

"650.67
Sa,04

300,05

147,04

17h.5h8

1. T4

179,64

4o hYy
a2, b
37,02

i
97.7%
Ta.6
o7l

ens.2n

hs0. 47
71.2¢2

301.43

667.36

1033.33

FrilS590

111,78
60,34
137.90
93.65
19.73
TH.S1
77.18
H1.93
37.21
7.34
47.09
11.10
449 44
61.25
170.85
17.9%
4,56
1e2.00
52.00
28,46
21.17
[Pl
.24.01
16,458
L6, U0
S5H, K0
55.64
4,86
160,96
15.10
36H.20
11.038
35061
65,93
19.51
93.59
BH L, T4
75.70
10.01
106.21
- 246.42
69.18

FATNGO

7,097
3.191
7.949
6.187
5.995
S5.884
6.047
17.152
4,404
2.486
6.211
5.575
12.2786
3.674
5.873
12.583
10,5400
30,736
25.715
6,774
7.941
11.994

11.958

15.371
6,824
2.659
5.596
3.161

25.03%7
2.957
6.380
2.0n1

18,130
6. U483
2.847
4,120

168.548

15,320
2.9u5

. 24.614
72,557
20.063

FANNSOQ

2.482
1.421
3.988
2.864
1.212
2.319
1.676
14,295
1.480
0.240
2.452
1.564
1.399
0.980
G.026
10,717
2.148
25.318
20.463
3.449
3.629
10.4050
8.252
13.347
0.954
0.154
3.921
1.784
4255
U.220
2.776
0.501
1.33%
2.116
0.184
0,700
4.759
6.707
0,808
©9.859
61.132
"13.539

FNTKNDO

4.6157
1.7704
3.9607
3.3227
4.,7828
3.5646
44,1715
2.8577
2.9238
2.20459
3.7589
4.0118
10.8795
2.6943
5.8465
1.8664
8.3929
7.4179
5.2524
3.3252
4,3121
1.5436
~3.7084
2.0247
S.8659
2.5054
1.6744
1.3768
20.7811
2.7373
I.6101
1.5798
16.795%6
4.3364
2.6633
3.4198
9.7891
B.6127
2.0969
14.7512
1114738
6.5149

FWTP9O

1.1431
0.7928
1.4041
1.3890
1.2443
0.9509
1.1201

-0.1276

1,1971
1.3980
1.0209
1.6225
2.4633
0.9827
1.0873
1.3779
1.0902
1.6171
1.1232
0.3599

0.0761

0.2568
0.4081
¢.7573
1.503%2
0.4111
0.4880
0.2706
5.8227
0.1678
0.2758
v,2884
2.5020
1.3479
v.6121
V.3258
3.6970
3.1258
0.8137
2.5279
1.9180
1.2773
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Table E6a, Ten Percent Duration Load for Urban Subwatersheds
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14n579
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67374
651500
SHRaAK
767%97
Thonty

1560009
H3g12n
650718
HS1780

2104176
1on6177
S11161
NS Ry
102752
Fodian

Undah
199973
187016
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662523
1A1991

RGN E
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oottt
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totusihs
ARV
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A YLy
21018
cO0030A
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fHsae
jP9u9n
4y sy
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NE)
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1P5hn08
16719
105371
72627

121301

re7741
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Phlueels

2RE6/99

(ISR RH

1009286
H5489148
BUOBA
102833
230063
61Sh50
AH2BOH
522979
BEAHDA
1443680
109233
714391
1509540
J116494%
522805
RG4S
157459
1]
155606
148630
22384073
113783
981850
thitIS8E
593780
4o 0439
171584
12453597
373096
1H099
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39HA51
S99
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10AR20T7
395716
3121384
L6169
H4U4991
Suldy
2eiith
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1h250
LH9uHn
winbd
ciopau
Sucen
[RVRREY
7988
1592
25183
‘141142
29734
214551
tqgaz24i
152137
s445049
Tr84a494
1344737

Inio

12914
59167
4984
23619
10545
15079
193248
32303
In01b
76240
22171
3482405
36899
fuee2s
05991
23828
43017
4
9291
19034
G863
10066
50483
6755
32810
19777
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71948
J8176
0570
0414
2318
HERY
3154
25667
3367
26356
3398
11948
5265
SBO6RE
3451¢85
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3015
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Hhy
HY124
B14ah
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1754
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9u24
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1000}
87455
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i494
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hiesal
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aqnh .4
25806, 1
2H20,.8
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510,08
3133.2
936,7
S48, 2
32164

19680.0 -
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S5836.,6
116828,3

45980.,.0

a4782,7
15305.9
27632.0
0.0
3443 .14
6839.3
880.2
934,0
6673.0
6.9
4970.0
2419.3
B57,0
1398.0
1182,9
He6.8
397.1
290,77
124,0
754.,5
S660.3
503.7
529.7
#95,0
1037.9
1983.0
10451,9
6Hh. 0
285 .6
11.7
123.9
b.7
634,0
199.3
9,0
bbb
255,
H25,0
240,48
51,2
81,2
Y .S
B, 40
§396,78
614.07
1/20,01
2916.90
26AL,90
270,64
297,98
Y5606.00

TENLO

71470.6
33361.3

S 1263.0

11035.6

1003446

31945,7
18%91.3
26354.3
32793.6

56560, 0

qao01,7
32408.40
25070.5
56645.90
2u0208.0
8522.2
15385.0
(U]
sgur,0

12195, 0

8982.8
9532.0

56144.0

8r93.1

'27841.0
“17357.5

6153.0
6100.5
16993.3

S 3743,7

4021,
2024.5
L7574
2398.6

18006.7
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Table E6b, Fifty Percent Duration Load for Urban Subwatersheds

kS rubse 15850 ThS0 NNS @ TKNSO P50 . INSO cLS0 PRS0

L 2760721 Anu7604 197964 34317.4 126537 35128.3 7.74310 4928633 27R6.32
2 1094715 2127563 139146 15466.4 170151 27663,0 6.978848 -308908 1619.30
3 147923 1ase74 10394 117.1 3500 3111.7 3.,27524 171749 67,00
4 ANT97 365246 02277 1891.7 . ;29938 6196,5 6.13070 112336 502.08
5 415100 enyalz 21650 2680,0 7, 15944’ 3004,6 3.80500 285072 205,18
[A 1124804 1HhA2KRT7 8s204 15347.,9 " ,5913% T1a513.9 4,12004 2280260 1514,19
7 625402 H11807 335097 Sv25.2 ©o24%19 4908,2 3.,92990 10600403 232.04
[N G501 bk 1272791 11796 VAT ] L unRsy 13244%.4 4,8316A 946715 1095.81
Yy To77201 VALT697 EARY]] 1134803 4y 11990.,1 4.,81198 2136777 227.9°
1o 2255880 3458000 231920 124520.0 - : 107400 23040.0 7.44000 4543520 2792.00
11 1240453%% AR aiRse 0.0 20869 5928.7 3.61450 1407505 g0, 00
17 GLINHT6 1591394 1035938 16044,5 SS166 20313.4 #,35752 571653 1504, 38
13 1120763 LRI 59987 L S6U3.2 37660 9710.7 6,73942 656411 306.79
14 2h4Th6e 2219912 155093 2U077.8 . 85093 27577.5 6.H89158 1385496 385.39
15 1277455 146865 67340 16166,0 « 841032 11111.8 6.27147 5346999 801,95
14 59436} 405370 32487 1975.8 , ° 24231 n740.8 7.76520 at499 484,85
17 bSanu7 P56129 S8091 0.0 T.i20422 11470.5 5.90360 1470340 330,99
1R 142711 0 [} 0.0 ) 0 0.0 3.84860 [ 0,00
19 29363 216149 17408 S3658,3%5 8476 2n93,2 3.81654 356946 126.00
2V 3720 2ib414 " 2auys 4337.9 1626) 1581,2 3.52502 691185 603,88
i 2HEHTY 3H127S 2003y q16%.2 ¢ 13663 3500.5 3.104030 527528 307.95
e 2hh i RA thh2h4 11143 0.0 12881 716.3 2.59780 178568 233,86
X 1215222 1208040 106290 50145.0 . 56144 14625.0 - 3.75000 . 2697685 2490.00
el 313716 AL 2UBRKY 2299.,8 laaq7 HlHe,6 3.33510 103920 176.33
25 824882 1841569 84196 28644.0 |, 62474 10590.0 3.77000 3769270 3580.00
At 728012 1039070 47210 10989.48 31942 H302.6 4.91030 1874019 1014,50
27 U ELN 281280 10191 21375 7503 1701.2 4,10750 507941 155.76
L) 2210768 364071 17071 HoKnt,y 13136 PRTV . 4.56866 591914 442,64
L GolT60 1071019 “gyonns 11900.6 35966 ToT861,4 3.52482 1R51703 1125.37
50 toassy 282359 11373 3060,7 . a8us 1903.7 4,32346 u9n237 281.62
34 139612 27114987 12109 3248,3 9351 2025.5 3.71514 489932 321.29
32 5A%09 1404416 LU sH 1615,9 . 4654 1010.2 3.81924 263002 147.26 .
43 22534 S H239Y 2809 876,00 1705 369.h N.73770 764933 h3,20
34 YOHAD 147961 7004 18¢7.3 : 5405 1371.4 5.74802 263761 189,02
53 ha TG 1054749 42406 9032,3 " 331486 6536.3 4,16462 2086092 532,33
36 1u493%a 187451 Hir At 2338 .6 . 6747 1457.0 d.83724 33RBA2 240,06
37 104977 1908%1 Aygua 211041 6493 t118.6 0,4013A 325091 202.82
38 115374 Lause2 7204 1941,7 -+ 5185 1206.7 4,54478 277375 139.88
30 HIBS3 511184 280k 62u7.4 - 1370) 48t9.1 3.49418 1130922 147.00
au NSentn 256636 fuign 3654.4 4784 2006.8 3.83636 106397 65,00
i3] 1513018 2215027 118318 17938.3 74971 20594.,2 S.56262 2530507 1215.33
a2 . 1650509 1090030 50072 20200,9 47752 13286,2 3.58352 3657652 374.00
R G154 JSudpe 3nbsl walu.7 . 275487 6l21.3 3.124498 1192678 850,22
L 151840 155547 N3u2 2160.6 6397 jae2,2 3.71160 283567 229,41
45 BP230 13h8238 6atl 1749.0 14989 1085.3 3.65576 251790 177.56
"o S023 PugRY 751 199.9 58?2 125.6 2415026 35977 16.77
47 445625 591996 U530 1721.6 22116 4940.8 3.64260 1094314 702.32
uh 78804 130412 SYun 1353.5 4622 993.4 3.188SA 204431 148,32
19 2KT3H 33893 17499 H50.4% 1352 300,.8 q4.o8puQ 61593 44,54
50 187668 221077 troty EL I 7551 je43.3 3.8659A 433745 134,51
91 15436 1661958 wily 1752.0 Gy 10k4,2 2497597 315929 S54.40
Rt 39T29h 3/700 23 /nn SU%hH T 17722 3974,.h 2.99677 192269 S564.10
R 55624 GnbYS asaa 1199.5 " 3492 7%3.8 NPRRTO 174351 120.60
Ry 9991 V/THS An 193,40 503 123,59 3.20420 53632 602
Rl Ludo'sn PiB472 N RETIE 219940 TURY 1570.% 3.25704 131269 207,14
e P3hT75 Uy tyun S12.7 1473 3)u.1 H.2%03564 74055 53,15
57 40540 56453 3800 ©1025.4 0 2945.2 . 636.1 3.25928 . 1587192 100,13
58 154958 293923 12500 3361.1 8997.4 - 2092,3 3.94678 551414 - 201,18
59 105257 60H90 3395 908.9 1152,2 . 568.2 4,99842 171898 15,00
] 217859 512819 19617 H4711.3  14395,.7 3278.6 5.477866 872395 R296.30
61 245103 231970 13773 3100.3  10256,7 2300.1 8,66558 413938 302,55
62 113963 190066 7944 2135,3 5217.1 1330.3 3.61072 374933 34,62
6t 451848 H7213 2404 H69,.4 1703.8 400,.8 3.38820 - 95849 30.44
64 3baaa46 1197684 384145 0.0 235851,5 1413,.1 2,9511¢0 930180 1071.00
) REY YN 190104 126919 PE453 .8 67774.8 18520.5 1.,87242 5293866 969,00

E-16




Hns

[ Y

A
Y
an
it
2h
et
Sk
R3
xe
A5
34

KL
37
SR

4ty
a4
ade
ns
ha
ity
X5}
"y
RS
nn
NE)
1

454

Gy

58

60
Al
02
&3
hi
6h
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Figure E-2. FLOW-WEIGHTED MEAN CONCENTRATION, TN
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Figure E-3. F* YW-WEIGHTED MEAN CONCENTRATION, TSS
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Figure E-4. FLOW-WEIGHTED MEAN CONCENTRATION, COD
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Appendix F
44 WATERSHED ANALYSES FOR REGION



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 Tisting of flow-weighted
mean values for several water quality constituents, including the priority
pollutant. A1l pollutant values are given in milligrams per liter (mg/1).

Severity of the problem is evident by comparing this table with the recommended
water quality guidelines discussed earlier.




Bassett Creek. This watershed is recom-
mended for critical priority because of I

its poor overall water quality. Bassett i

Creek Flood Control Commision is the

existing watershed management
organization.

BASSETT
CREEK

—
| SO |
Area
(sq..mi.) TSS CoD TP N 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 Tlies
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 "regionally important" Medicine Lake is located at
the lower end of this subwatershed, and has an overall TP inflow equal to
0.29 mg/1. 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 Timited 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).

Bevens Creek. This watershed is recom-
mended for secondary priority because
even though it has water quality prob-
lems, the frequency of such problems 1is
Tow.

Area
(gg, mi.) TSS COD TP N

Mainstem 51.6 131 69 1
Silver Creek 31.1 50 130 0.

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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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

BIG MARINE -
CARNELIAN
1

organization.
1 ‘
#
i
-
Area '
(sq..mi.) TSS CcOD TP ™
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/1 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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Black Dog Lake (BLA). This watershed is
recommended for secondary priority. It
is located partially within Lower
Minnesota River Watershed District.

Area
(§g, 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 Tow
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.

Bluff Creek. This watershed is recom-

mended for secondary priority. The

mouth is Jocated in the Lower
Minnesota River Watershed District.

[

L e
o ] © I8 20 MILES
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Area
(sq. mi.) TS cop TP TN

Bluff Creek 8.4 80 40 0.5 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 Tlevel 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
channel impact.

Suggested management needs:

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

Brown's Creek. This watershed is recom- l
mended for secondary priority. MPCA's !
recommended 20 mg/1 TSS guideline for

DNR trout streams is slightly exceeded.

BROWNS
CREEK

-
|

e e
Q 3 L] L] 20 MILES

Area
(sq. mi.) 1SS cop TP IN  Pb

Brown's Creek 29.0 21 39 0.23 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. !
i

| e PV
0 [3 0 18 20 MILES

RIVER
Area

(sq. mi.) TSS coD TP TN

Cannon River 81.3 39 49 0,20 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. i

P

r
—_—
S |
Area ' " :
(sq. 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 "regionally important" lake--Waconia--in the watershed.
Lakes Waconia and Burandt have watersheds that contribute TP values of 1.52
mg/1, while the similar value for Lakes Hydes and Miller is 0.55 mg/1. 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 urban/
urbanizing area surrounding
Lakes Waconia and Burandt.

Chaska Creek. This watershed 1is recom-
mended for secondary priority. Its mouth is |
located in the Lower Minnesota River ; o
Watershed District.

—

l CHASKA
‘ CREEK

b

[ e e TR
) [ ) 8 20 MILES

Area
(sq. mi.) 18§ cop TP TN

Chaska Creek 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 I
|
i

currently exceed priority pollutant
guidelines.

| - MY
0 3 L) 16 20 MILES

Area
(sq. mi.) 1SS coD TP TN

Chub Creek 75.1 17 49 0.46 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
natural causes.

UPPER ]
MINNESOTA L‘

RIVER/
CLARKS LAKE

[a—
65 w0 16 20 MLES

Area
(sq. mi.) IS8 cop TP N
Minn, 8-122 33.2 - 108 230 1.70 25
Minn., 8-126 19.1 77 170 1.53 16
Belle 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.

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.
Area
(sq.mi.) 1ss €D TP IN  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/7litter 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.

Cottage Grove. A secondary priority is ‘
recommended for this watershed because i

it does not currently exceed priority |
pollutant guidelines.

N

COTTAGE
GROVE

—

N
o

O L+ B
o 5 (] 15 20 uiLES

F-12




15,

Area -
(§9,.gﬁ,) TSS CcoD TP TN Pb .

Cottage Grove 37.1 22 38 0.33 2.0 0,02

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.

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

L
|

CC‘TTAGE'GROVE-
RAVINE
]

R - SRR
0 § ©® 18 20 MILES

Area )
(sq. mi.) TsS* coD TP N

Cottage Grove Ravine 33.1 37 7 0.1 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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17.

Credit River. This watershed is recom- r————~——-—
mended for secondary priority because of

existing water quality problems and |

future urbanization. The mouth is
located in the Lower Minnesota River
Watershed District.

CREDIT
RIVER

7]

P B - PV
s L] [ 20 MILES

Area
(sq. mi.) 1SS cOD TP TN

Credit River 47.6 34 70 0.3 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/1.

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.

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

| e AR
o 8 1 15 20 HMNES
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Area

(sq. mi.) 1SS €D 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 Tocated 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 practices.
- 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/1 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 1in 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-
Tine 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.

EIm Creek. This watershed is recommended
for critical priority because of its
poor quality discharge upstream from
Fridley and its 1ikely future develop-
ment problems. EIm Creek Conservation
Commission 1is the existing watershed
management unit.

Area ’ '
(sq. mi.) TSS cOD TP TN

Elm Creek 104.9 26 81 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/1
to the lake; again, comprehensive storm water management is essential. The
Weaver Lake basin flow has an inflow concentration of 0.43 mg/1, 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/
Titter program; 80 curb-miles per year of priority sweeping).
- Weaver Lake: - 90 acres in cropland conservation practices.
- Information program for homeowners.

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

A S ok Y
o8 K 16 0 MREE

Area
(sq. mi.) TSS cop TP N Pb
GUN 35.1 9 22 0.38 1.1 0.0l

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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Hazetbine=Bavarla,  This watershoed 1y

reconmended for sccondary priority. 1LLs ‘

mouth is located in the Lower Minnesota i

River Watershed District.

Area
(sq..mi) ISS COoD TP N
Hazeltine-Bavaria 13.4 76 77 0.63 2.7

Evaluation: This watershed is a small basin that is slowly urbanizing at
quite Tow 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/1, 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.

Lower Minnesota River (LMN). This water-
shed is recommended for secondary prior-
ity. It is located partially within the
Lower Minnesota River Watershed District.

:

LOWER
MINNESOTA
RIVER

R s
]
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Area
(sq. mi.) TS5 con 1w 1 4,

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 (I-494 strip). Two subwatersheds--LML and LMN--are
combined for management analysis. Both subwatersheds contain portions of
the Minnesota river valley bluff, which is 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 I-494 corridor and in residential areas.
2,100 feet of channel stabilization along bluff 1lines.

240 acre-feet of water quality storage.

Careful attention to minimizing storm water impacts as the area develops
and redevelops (stadium site).

Lower Mississippi River (LMS). This l

watershed is recommended for secondary
priority.

LOWER
MISSISSIPPY
RIVER

| e e
O 5 0I5 20 MILEB

.. Area
(sq. mi.) IsS cop TP TN Pb
Major LMS 67.2 33 40 0.41 2.3 0.01
0.56 4.3

Southern 11.0 54 45

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
Tevel needs only a slight reduction, and the nutrients are over the guide-
1ines. 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.

Lower St. Croix River. A secondary
priority is recommended because of the
numerous small channels involved in the
water quality problem.

| SO iy S ]
[} 13 L] 15 20 MILES

Area
(§g, mi.) TSS CoD TP N

Afton 27.3 101 25 0.45 1

.0
Basswood Grove 23.7 111 52 0.57 0

o w

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 simj1ar
to the Afton subwatershed in the nature and extent of the problem, and in
the management approach required.

F-20




24,

25,

Suggested management needs:

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

Marine on St. Croix (MSC) This water-

shed is recommended for secondary
priority status.

S e ]
[ 5 0 15 20 MiLES

~ Area
(§g,.m1.) TSS oD TP TN

MSC - 39.3 32 28 0.28 2.2

Evaluation:

The MSC watershed is comprised of many small streams that dis-

charge from the uplands into the St. Croix Valley. Serious water quality
problems do not exist and no priority lakes occur in the watershed; there-

fore, a lot of attention is not required to meet quality guidelines.

Suggested management needs: 880 acres in cropland conservation practices.

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

.

shed District.

MIDDLE
| MINNESOTA
RIVER

Area
(sq..mi.) TSS Ccob TP N

GRA 3.7
MMN 2.0 (see evaluation)
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Evaluation: The MMN watershed is located almost entirely in the undevel-
opeg Minnesota River floodplain and, as such, creates no water quality
problem.

Suggested management needs: No additional management practices.

Middle Mississippi River (MMS).. This
series of three basins 1is recommended
for critical priority because of its
water quality problems. The watershed is
located almost totally within Minneapolis.

.

MIDDLE

RIVER

i
r‘

—

e
| —
Area :

(sq. mi.) TSS  cOD TP 1IN Pb

Northern 21.7 155 70 0.89 7.1 0.30
Middle 12.3 119 83 0.95 5.4 0.12
Southeastern 2.7 175 53 1.06 6.3 0.10

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/1. Management possibilities are severely
limited because of the built-up nature of the subwatershed.

Suggested management needs:
- Intensive housekeeping, particularly in combined éewer 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 infiltration.
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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 an 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).

Minnehaha Creek. This watershed is F“——--‘—‘“
recommended for critical priority

because of its many (20) high-priority |
lakes and 1its poor water quality.

Minnehaha Creek Watershed District is the
existing watershed management

MINNEHAHA
CREEK

organization.
1
|
‘ L—1 i
t—-—-, '_j
E
—
eiend
Area
(sq.mi.) 1SS 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 "regionally important" Chain of Lakes
(Cedar, Isles, Calhoun and Harriet) and Lake Nokomis. The TP inflow into
these lakes appears to be 0.56 mg/1. 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).

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

[T ey TS
o B 0 18 20 MILES

Area
(sg. mi.) TSS Ccop TP N Pb
Nine Mile Creek 39.6 53 32 0,76 3.8 0.05
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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/1; Bush's,
2.0 mg/1; and Glen's, 0,71 mg/1 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/1itter 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.

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.

B
e

O P
o [ 0 L] 20 MHLES

Area
(sq. mi.) TSS  COD v IN Pb
Purgatory Creek 30.6 13 32 0.22 1.5 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/1.
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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.

Ramsey-Washington Metro (RWM). This l |

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

- Comprehensive storm water management for urbanizing area.

RAMSEY-
WASHINGTON
METRO

,-_F~J
SN
Area
(gg, mi.) TSS COD TP TN Pb..
Northern 28.4 88 50 1.13 5.8 0.01
1.9 0.01

Southern 31.7 27 36 0.31

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/1, but the
TSS Tevel needs reduction by 66 percent. The nutrient and Pb Tevels are
also quite high. "Regionally important" Phalen and Gervais Lakes occur in
the basin., The TP level discharging to the lakes is at 1.1 mg/1, 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 lLakes:

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.

Rice Creek, This watershed is recom-

mended for critical priority because of nce
its many priority lakes and problems ‘ CREEK
meeting TP guidelines. Rice Creek
Watershed District 1is the existing

watershed management organization.

Mt ™ comad Y
o s 0 [ 20 MILES

Area
(§g,,mi.) TSS COoD TP N Pb .
Upper Rice 147 .4 46 63 0,32 1.7 0.002
Lower Rice 42,7 64 44 0,60 3.4 0.040
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Upper Rice Evaluation: The Upper Rice Creek subwatershed contain i

the 13 1akes.u§ed to store and supply water to the St. Paul waterssﬁgg?; of
§ystem. Additionally, three multiple-recreation priority lakes are located
in the far upstream portion of the basin. Because essentially all of the
wqtershed drayns.wnto a priority lake, or drains downstream into a lower
Rice 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/1. 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/1.

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 storage.

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
organization,
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Area
(§gm,m1.) TSS CoD TP N

Riley Creek 10.0 134 163 1.8 11.8

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.

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

I

]

ROBERTS
CR

| e+ S
] s w 15 20MILES

Area
(sq. mi.) TsS cop TP 1IN

Robert's Creek 11.6 30 16 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.
.. PArea
(sq..mi.) TSS CoD TP TN Pb .

Cedar Creek 52.0 33 108 0.83 7.9 0.02
Ford Brook 45,3 39 164 0.88 7.3 0.01
Lower Rum urban 8.0 140 103 1.17 7.0 0.17
Lower Rum rural 49 .4 92 189 1.10 15.1
Seelye Brook 13.7 106 198 0.89 14.0

Cedar Creek Evaluation: The Cedar Creek subwatershed is a predominantly
rural basin, with flows going through the Anoka sand plain. The Tow 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/1.

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 Ph 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:

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.

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.

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.

St. Paul-Ramsey. This watershed is recom-
mended for critical priority because

of health-related lakes and generally
poor water quality.

Area
(sq..mi.) TSS COD TP N 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 infilitration.

- Development of solution to lakes overflow problem,

Sand Creek., This watershed is recom-
mended for secondary priority.

Sand Creek 165.4 7 14 0.13 0,7
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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 Tocal 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 "regionally important," 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/1 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.

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

O e )
o B 10 (68 30MLEs

- Area o
(sq._mi.) TSS coD P IN Pb
Shakopee 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--0'Dowd and Thole--are in the
watershed. FEach of these lakes has an inflow TP value of 0.8 mg/1. This
watershed might at times be impacted by high water discharges from Prior
Lake.
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Suggested management needs:

- 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.

- 0'Dowd and Thole Lakes: 350 acres each of cropland conservation
practices and noncropland critical area treatment.

Shingle Creek. This watershed is recom-

mended for critical priority because of l

the water quality problems specifically

in the Lower Shingle subwatershed.

SHINGLE

D s | CREEK

7 z
i
r

—~

Area

(sq. mi.) TSS coD TP TN Pb .
Upper Shingle 16.3 30 45 0.32 2.3 0.03
Lower Shingle 29.1 96 92 0.83 4.9 0.09

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 "regionally important" and one priority lake, Eagle and Bass, 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/1 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 Tevel in the basin needs a 45-percent reduction. For comparison
purposes, the TSS Tevel 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/1 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).

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

)

SPRING LAKE ~ PRIOR LAKE
Area
(sq. mi.) TSS cOD TP TN Pb
Spring 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 TP because the entire
watershed drains to the lake., There appears to be a need for a 97-percent
TP reduction, 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.

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

SUNRISE
RIVER

[ S A
o 10 1S 20 MILES

Area
(§g,‘mi.) TSS Ccob TP TN

South Branch 69.3 161 205 0.9
West Branch 30.7 145 189 0.
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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.
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.

Coon Lake:

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.
Suggested management needs:

- 1,160 acres in cropland tillage treatment.
- Linwood, Martin, Island chain: - 210 acres in cropland conservation
practices.
- 490 acres noncropland critical area
treatment.

Upper Mississippi River (UMS). This

series of four basins is recommended for | e
critical priority because of its water ' RIVER
quality problems occurring upstream of
the Fridley intakes.

[, o S A
0"T8 W18 20 MILER
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(sq..mi.) 1SS coD TP TN Pb
Anoka 6.9 123 92 1.13 6.6 0.10
Coon Rapids 99 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) s 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.

Suggested management needs: 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) dis the largest subwater-
shed, draining an area that is not yet urbanized but should be within the
next 20 years, as well as several urbanized communities in southern Anoka
County. Comprehensive storm water management is essential as the area
urbanizes. The Ph value of 0.14 mg/1 is quite high and is 1ikely 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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Valley Branch and Middle St. Croix : l

River. The water quality levels I
of these combined watersheds lead
to a recommendation for secondary VALLEY BRANGH/
priority. Valley Branch Watershed o
District is fhe existing watershed
management unit for Valley Branch
portion,

—
|
_

S e, |
) (1 1] 13 20 MILES

- Area
(sq..mi.) TSS CcoD TP N Pb . .

Valley and Mid-St. Croix 73.6 48 41 0.25 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, EImo, Jane and Olson--one of
which (Elmo) is a "regionally important" lake; all four lakes have an
inflow TP concentration of 0.83 mg/1. 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.*
Storm water management in urbanizing areas.
50 acres in cropland conservation practices.
92 acre-feet of water quality storage.

i

Elmo:

I

*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/1
for all three subwatersheds. Attention
should be focused on the North Branch.

Area
(sq..mi.) TISS cop TP N

North Branch 58.7 104 77 0.46 13.1
Mainstem 186.3 64 53 0.34 7.3
Hardwood Creek 81.2 ‘142 59 0,76 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/1 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 in noncropland 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.

F-41



Appendix G
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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 and TKN (see Appendix A).

Results and Discussion, The results of the chemical and physical tests for
the sampTed road salt/anti-skid agents are listed in Table G-1. The 200g Tlevel
for solids was chosen to match the concentration actually seen in runoff from
highways and road surfaces. The mixtures collected were obviously such a Targe
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 Tikely 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

Sample Sand:Salt  (min.:sec.) Zn Pb ISS V8§ TP TKN
Brooklyn Park 2:1 0:30 .08 .31 642 34 .53 .34
3:52 07 .32 406 24 .41 .32

Golden Valley 5:1 0:30 10 .25 895 44 .62 .30
3:52 .08 .25 582 52 .24 .34

Cottage Grove 6:1 0:30 J13 .03 303 58 .17 .24
3:52 09 .12 992 52 .10 .04

Eden Prairie 10:1 0:30 .08 .10 890 58 .80 .20
3:52 06 .12 638 56 .38 .32

Crystal 10:1 0:30 05 .02 640 36 .43 .20
3:52 .04 .02 376 32 .30 .26

Hennepin County 20:1 0:30 12 .12 1688 98 .15 .20
Highway Dept. 3:52 .10 A1 1106 96 .08 .14
Hennepin County A11 sand 0:30 .04 .01 426 32 .24 .16
Highway Dept. 3:52 .03 .01 25% 22 .23 .30
Mn/DOT 2:1 0:30 J11 .22 1016 58 .07 .12
3:52 .09 .20 612 58 .04 .08

Hennepin County A1l salt 0:30 03 .36 -  -- 01 .16
Highway Dept. 3:52 -- - - -- - -

Several observations can be made by looking at the data in Table Gl. 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 Gl 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/1 range, while the anti-skid
agent levels in Table Gl are all less than 0.34 mg/1. The TP concentrations,
on the other hand, are very high relative to urban street runoff. Typical TP
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concentrations at urban storm sewer sites are in the 0.1-1.0 mg/1 range. The
TP values in Table Gl 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/1 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/1 and 0.05-0.2 mg/1, respectively. The ranges in areas with high
traffic values are 0.5-1.0 mg/1 Pb and 0.5-0.7 mg/1 Zn (Table 6 in text; and
USGS Basic Data Report). Again, it appears that a fair portion of the Pb load
and a 1ittle less of the Zn 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/1 Pb and
0.03 mg/1 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 Tevels 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 play a
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
16.3 in the rural basins and from O 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 nonstructural
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

1 Senior Environmental Planner, Metropolitan Council, 300 Metro
Square Building, St. Paul, Minn. 55101,
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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 Tloads, in pounds 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,

ETm 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 Tlake.
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1980 WATERSHED LOADS AND PERCENTAGE WETLAND

Table 1

IN SAMPLED WATERSHEDS

Load (1b/acre)

Wetland
Are Percent
Site mi. (water) TSS COD  TKN

Bevens Creek 82.9 5.2 (0.8) 18.8 31.6 1.44
Carver Creek 65.2 9.6 (9.3) 15.6 39.2 1.45
Raven Stream 32.4 5.8 (0.2) 24.1 40.8 2.10
Credit River 23,2 11.0 (3.0) 24.6 55.4 2.32
Elm Creek 14.3 16.3 (0.2) 9.3 59.3 1,89
So. Br. 30.8 4.8 (0.0) 155.1 61.2 2.88
Vermillion R.

Bassett Cr. 31.7 8.1 (6.4) 78.1 55,2 2.20
Shingle Cr. 22.9 8.2 (4.6) 30.5 36.6 1.71
Purgatory Cr. 24,0 14,5 (4.9) 14.2 39.3 1.09
80th St. 1.55 1.5 (0.0) 32.3 53.3 1.85
Iverson 0.15 0.0 (0.0) 1820 99.7 3.41
PDO 0.13 0.0 (0.0) 716 106 7.14
Wesley 0.33 4.0 (0.0) 347 137 ., 4.20
Sandburg 0.12 0.0 (0.0) 1350 265 11.4
Hwy. 100 0.47 0.3 (0.0) 115 168 2.53
Estates 0.22 0.0 (0.0) 55.1 111 3.76
Yates 0.35 0.0 (0.0) 159 158 4,98
Key

TSS - total suspended solids
COD - chemical oxygen demand

TKN - total Kjeldahl nitrogen
NN - nitrite-nitrate-nitrogen
Tb - total phosphorus

Pb - total 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 - Tlight 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. MWetland retention of runoff and influence on
water quality during these periods of the year seems minimal because
the ground 1is 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 Toading being
lower due to decreased rainfall. The urban mainstem and storm sSewer
sites respond to every measurable rainfall and snowmelt, resulting in
numerous load increments composing the total Jload. The six largest
events of the yedr 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
Toading 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.

non

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 play a 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 varijable.
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Table 2

FINAL SELECTED MULTIPLE REGRESSION MODELS

FOR LONG-TERM MEDIAN LOAD DETERMINATION (1bs/m12)
Urban Models: _&2 ,Qg!.(l)
(2)IN = 1.32+0.012*RELEF+0.025*LUURBCO .99 1

TN = 9296-86*LUWETAGI-54.8*LUURBCO .99 1
COD = 7175-772%LURSF+1297+LUURBC .99 1
TSS = 126,055-1389*L.UWETAGI-585*LUURBCO .99 1
TKN = 2957-21.8*LUWTWR-23.6*LUNETAGI .99 1

NN = 1034-38.4*LUWET-8.6*%LUOSAG .99 3

TP = 2139-20.3*LUWETAGI-15*LUURBO .99 7
C1 = -41600-84800*LURSFURB+2556*LUURBO .99

Pb = 69.6-4.7*LUNTWR-0.8*LURSF+1.3*LUURBCO .99 1
Agricultural Models:

(3)IN = 0.188-0.002*TAREA+0.01*CSLOPE+ .99 1
0.008*DRDNS-0.009*LUPASG

TN = 1137-90*LUAGI+346*_UURB+113*LUCROP .98 9
COD = 169,000-1924*UAGI+460*LUCROP-238*LUMEAD .99 1
TSS = 136,000-1676*LUAGI—7025*USLER+83300*USWET .99 8
TKN = 1565+73*LUWTR+10*LUWET-46*LUMEAD .81 11

NN = 174-198*_UWTR+204*LUMEAD+561% .99 19

LUURB-176*NONCRP

TP = 254+25,7*LUWTR-4,2*LUMEAD .99 5
E%g %giggigient of variation (C.V.)=100*%(standard deviation/mean).
(3) inches of runoff.

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 Toss 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. 1In
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 models 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
guality data were collected to determine the 1980 loads for the sample
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WETLAND FACTORS USED FOR

Yariable

LUWETTC
LUWETDR
LUWETAQ
LUWETMD
LUWETCI
LUWETURB
LUWETAG
LUWETSF
LUWETPO

. LUWETMF

LUWETAC

. LUWETLD
. LUWETRM
. LUWETBN
. LUNETROM
. LUKETGR
. LUWETOAT
. LUNETWHT
. LUWETRF
. LUWETUS
. LUWETAU
. LUWETPD
. LUWETME
. LUNETPG
. LUNETOS

. LUWETWO

_Ratio

Ratio
Ratio
Ratio
Ratio
Ratio
Ratio
Ratio
Ratio
Ratio
Ratio
Ratio
Ratio
Ratio
Ratio
Ratio
Ratio
Ratio
Ratio
Ratio
Ratio
Total
Total
Total

Total
Jrban

Total

Table 3
ODETERMINATION OF LONG-TERM MEDIAN LOADS

Explanation
wetlands/Total contributing area.
wetlands/Drainage density.
wetlands/Average overland flow.
wetlands/Miles of artificial ditch.
wetlands/Commercial and industrial.
wetlands/Urbanization,
wetlands/Agricultural.
wetlands/Single-family residential.
wetlands/Population density.
wetlands/Multifamily residential.
wetlands/Acreage under construction.
wetlands/Low-density residential.
wetlands/Medium-density residential.
wetlands/Soybean acreage needing treatment.
wetlands/Acreage in corn and soybeans.
wet lands/Acreage in cropland. |
wetlands/Acreage in oats.
wetlands/Acreage in wheat.
wetlands/Unitless crop rotaticn factor.
wetlands/Universal soil loss esauation.
wetlands/Number of animal units.
of wetlands and icreage of goorly driained soils.
of wetlands and acreage of meadow.
of wetlands and acreage of pasture and griassland,

of wetlands ind icreage JF Jpen spaca in
rea,

of wetlands ind icreage of woodland.
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Table 4
FIRST AND SECOND VARIABLE REGRESSION MODELS USING WETLAND FACTORS
FOR DETERMINATION OF LONG-TERM MEDIAN LOADS

2 Signif.
Constituent Model RS cv(B) e
Urban Mainstem

(2) N 5.46-2,01*LUWETSF 24 16 50
8.38-5.93*LUWETSF =51, 65 *LUWETAC 99 1 99
™ 2852-7790*L UWETURB 95 12 98
2844-9594*LUWETURB+357*LUNETCI 99 1 99
cop 63,630-83, 600*LUNETSF .88 17 94
47,640~69340%LUWETSF+18, 620*LUKETTC 99 3 96
TSS 48,300-139, 000*L UWETURB 97 1 99
52,400-495,000*LUWETURB+20,050*LUNETOR .99 & 94
TKN 2226-5326*LUNETURB L9213 9
2219-7000*LUNETURB+332*LUWETCI 99 1 99
NN 626-2465*LUNETURB 99 5 99
629-~2257*LUWETURB -1 25*LUKETSF 99 1 99
P 450~1594*L UNETURB 99 8 99
453-1334*LUNETURB-158*LUWETSF 99 2 99
c 81,000-114, 000*LUWETSF 99 3 97
68,000-116,000*LUNETSF+33,000%LUKETCI .99 1 99
Pb 99.4-2,37*LUNETPD 97 24 99
100.7-1.61*LUNETPD-151.6*LUWETURB 99 7 97

Agricultural Mainstem
(3)IN 0.061+0.184*LUNETTC JO 45 96
0.205+0.,252*LUWETTC-0. 1 36*LUNETURB 93 25 98
™ 4876-131, 3*LUWETME .76 25 98
4878-215. 1 *LUWETME+550*LUNETDR 93 16 98
con 16,700+5292*L UWETDR 72 14 97
14, 600+1310*LUWETOR+4140*LUWETOAT .84 12 94
TSS 94,600-1710*LUNETPD . 75 59 98
110,000-1511* UNETPD-1334*LUWETPG .88 47 %
TKN 999+166 . 9*LUWETOAT 44 14 85
858+472*LUWETOAT-99, 000*LUWETAO 75 10 88
NN 3656-134 . 9*LUWETME 81 52 99
4530-127 . 5*LUWETME-57 , O*LUWETPG .94 34 99
TP 116.6+48, O*LUWETOR .54 26 9
96.,6+68 . 4*LUWETDR=-2255*LUWETBN 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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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 Tevel
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 C1.
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 C1. This relationship is not clear, but is
suspected of indicating the soluble nature of the nitrogens and C1;
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 Tess 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 Targe amount of
wetlands in a watershed can enhance the COD Toad; 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
play a 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, COD, TKN and TP models with the positive LUWETDR 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 preservation. 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 "shotgun" 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 la (semi-log) and 1b (log-log), undoubtedly due to the fact
that wetlands generally occur in Tow-lying areas that promote settling
of suspended material.

Figure la 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 1b.

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 C1, Pb and COD
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PERCENT OF WETLAND, RURAL
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Figure 1(a,b,c,d).
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showed linear relationships typified by Figures lc (TSS) and 1d (TN).
These relationships all point to the fact that retention of urban
wetTands 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 play a 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
sett1ling 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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Appendix I
POLLUTANT ASSOCIATIONS AFTER LABORATORY SETTLING
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INTRODUCTION

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 = (3/18 (5-1) ¢
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 1ikely 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-1 to I-3 for three different events. Table I-1 Tists 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 Tlists the
solids, nutrients and COD, and Table I-2b Tists 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-1 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 I-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 DKN, exceeding TKNo, 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 1little reduction associated with the silt frac-
tion; this shows the general association of the metals with fine particulates.

Table I1-3 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 1imb of the hydrograph, so comparison with other parts of the hydro-
graph is not possible. For Sandburg, approximately twice the rising 1imb
suspended solids are associated with clay or larger particles as compared to
the falling 1imbs; that is, more coarse material is concentrated in the rising
Timb and at a higher initial concentration. The same behavior is seen for the
Hwy. 100 site, where the rising 1imb has more coarse particles than the roughly
equivalent peak and falling 1imb. For Sandburg and Hwy. 100 the total solids
settled after 24 hours are a lesser percentage than the rising Timb, 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 I-1 and I-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 1imb, 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 1imb. 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
Timited set of experimental circumstances. Discharge of settled water below 10
cm or any turbulence introduced to the detention facility will 1ikely decrease
the reductions presented in Tables I-1 through I-3.
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Site
(Rainf41l)

Shingle
(1.57™)

Shingle
(1.02%)

Yates
(0.27")

Bevens
(0.64")

Bwy 100.
(0.29")

Sandburg
(0.29")

80th St.
(3.64")

Date

Settling
Time

June 5

June 12

May 29

June 5

May 29

May 29

June 5

None
7 min.
1 hr.

none
7 min.
1 hr.

none
7 min.
1 hr.

none
7 min.
1 hr.

none
7 min.
1 hr.

none
7 min.
1 hr.

none
7 min.
1 hr.

TSS

526
190
38

161
119
42

186
140
85

329
217
59

731
575
198

326
316
248

Table I-1

SAMPLING STUDY - MAY AND JUNE 1980 (COMPOSITE SAMPLES)

Percent
Reduction

93

26
74

25
54

34
82

21
73

24

V8S

132
52
14

28
22
14

46

44

Percent

Reduction

61
89

22
50

TP

.62

.18

1.30
.57
.23

.49
.48
.32

1.45
1.40
1.35°

1.25

1.15
-83

1.30

.90
.45

.67

.60

Percent

Reduction

71

56
82

18
34

31
65

10

TKN

2.84
1.72
.80

9.60
3.12
1.40

2.60
2.48
1.84

2.64
2.58
2.40

5.00
4.40

5.20
4.80
2.24

1.60

1.40

Percent Percent
Reduction TCOD Reduction
145
40 81 44
72 33 77

68
86
110
5 ——
29 74 33
289
12 -
184 36
329
8 274 17
57 160 51
51
49 4
12 43 6

TPb

.23
.15

.60
.28
.13

.32
.31

.43

.026

.023

Percent
Reduction

35

53
78

60

37

12
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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 TCOD 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 56

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. -- - - - - C--
24 hrs. 1 99 1 97 1 66 .55 27 .68 56 23 71

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 a7 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
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Wesley

Iverson

Hwy. 100

Estates

Sandburg

PDQ

Settling

Time

None
7 min.
1 hr.
3 hrs.
24 hrs.

None

7 min.
1 hr.
3 hrs.
24 hrs.

None
7 min.
1 hr.
3 hrs.
24 hrs.

None
7 min.
1 hr.
3 hrs.
24 hrs.

None
7 min.
1 hr.
3 hrs.
24 hrs.

None
7 min.
1 hr.
3 hrs.
24 hrs.

130

189

4

Percent

Reduction

44
75
81
91

18
29
58

17
62
69
84

53
89
94
76
86
93
55
86
g0

In

90

60
50
30

200
190
190

160
120

70
20

160
120
60

20

100
60

30

220
150
100

70

Table I-2b.

AUGUST 1980 SETTLING STUDY - METALS (ug/1)

Percent

Reduction

30
a4
67

20

42
67
83

25
62
88
40
70

55
68
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68
77
86

24
36
54

45
56
71

52

87

91

73
87

93

52
83

94

Mk

.06
.04

.02

.26
11
.04

.02

Percent

Reduction

52
78
91
91

34
46
68

12
60
72
84

58
92
96
62
75
88

58
85

92

Cr

15
1

=N WO
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Percent

Reduction

32
50
59
86

14
30
a4
64

14
14
29

29
43

43

33
50

43
43

57

Cu

18
13
12
12
41
34
28
19

12
12

16
10

14

13

Reduction

18
41
45
45

17
32
54

12
67
38
62
69

57
64

71

31
62

77
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Station
(Rainfall)

PDQ
- falling
1imb

Vermillion
- falling
1imb

Sandburg
- rising
limb

Sandburg
- falling
limb

Hwy. 100
- rising
1imb

Hwy. 100
- peak

Hwy. 100
- falling
limb

:8a

1/13/81

Table I-3a
SETTLING STUDY - SEPTEMBER 1980

Percent Percent Percent Percent

Settling Reduc- Reduc~ Reduc- Reduc~
Time TSS tion VSS tion TP tion DP TKN tion DKN DN/N DNH4 cob
none 932 144 .12 .28 1.60 196
7 min. 524 44 152 (-6) .10 17 .26 7 : 138
1 hr. 252 73 92 36 .12 0 .26 7 90
3 hrs. 112 88 80 44 .05 58 .06 79 68
24 hrs. 20 98 17 88 .37 (-208) .22 .70 (-150) .56 1.65 .02 46
none 56 42 .23 1.16 2.55 56
7 min. 39 30 27 36 .17 26 .90 22 82
1 hr. 15 73 10 76 .14 39 .78 33 ) 52
3 hrs. 7 88 7 83 .19 17 1.12 3 48
24 hrs. 1 98 1 98 .15 35 .12 1.04 10 1.04 2.50 .02 46
none 216 57 40 1.34 .30 92
7 min. 173 29 42 26 .39 2 1.34 0 88
1 hr. 68 68 22 61 .27 32 .90 32 58
3 hrs. 41 81 15 74 .22 45 .70 48 50
24 hrs. 16 93 10 82 .17 58 .09 .64 52 .50 30 .03 36
none 133 33 .31 1.10 .50 36
7 min. 120 8 32 3 .31 (4} 1.14  (-4) 46
1 hr. 81 39 23 30 .25 19 .98 11 54
3 hrs. 42 68 18 45 .20 35 .82 25 46
24 hrs. 18 86 10 70 .15 52 .07 .62 44 .48 .50 .05 54
none 116 58 .84 2.64 .10 154
7 min. 84 28 46 21 .79 6 2.40 9 126
1 hr. 33 72 21 64 .59 30 1.80 32 82
3 hrs. 21 82 19 67 .48 43 1.46 45 66
24 hrs. 6 95 6 90 .40 52 .29 1.28 52 .88 .20 .19 34
none 55 24 .40 1.32: .30 92
7 min. 52 5 34 (-42) .51 (-28) 1.32 0 82
1 hr. 37 33 22 8 .55 (-38) 1.68 (-27) 58
3 hrs. 20 64 17 29 .35 12 .98 26 41
24 hrs. 7 87 7 71 .92 (-130) .25 .84 36 .68 .30 .03 35
none 46 23 .38 1.26 .30 72
7 min. 39 15 21 9 .38 0 1.14 10 51
1 hr. 27 41 15 35 .34 10 . .92 27 54
3 hrs. 18 61 9 61 34 10 .82 35 56
24 hrs. 7 85 7 70 .28 26 .20 .68 46 42 .30 .03 35

Percent
Reduc-
tion

(-28)
(-50)
(-28)
(-50)
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Table I-3b. .
SETTLING STUDY FOR METALS (mg/1)
September 1980

_ Settling Percent Percent Percent Percent

Station Time Pb Reduction In Reduction Fe Reduction Mn Reduction
pPOQ None .300 - .320° - 29.0 -- 1.43 --
falling 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
Vermillion None -- -- -- -- 2.5 - 0.13 -
falling 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. -- - - P 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 -~ o - 3.1 57 0.10 71
24 hrs. .029 81 ".060 54 1.8 75 0.06 82
Sandburg - None .090 - 210 7 - —- 5.5 -- 0.26 -
falling 7 min.  .090 0 —— = 5.5 0 0.26 0
1 hr. .072 20 .090- - - 18 4.0 27 0.17 35
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 0,19 30

v






