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event. Shoreline lot owners may elect to have docks and
it is anticipated that they would be affected relatively
infrequently by fluctuating water levels. Docks
installed with two feet of freeboard are expected to be
safe from submergence for all precipitation events of
10~-year, 24-hour or less.

The reservoir will extend approximately 6.8 miles to the
northeast from T.H. 59 and will be nearly one-half mile .
wide at its widest point. Normal reservoir depth will
be 20 feet at the dam - and gradually decreasing to the
northeast. Once the reservoir is filled, the water
table will stabilize at a higher elevation along the
shoreline. The relatively infrequent fluctuations in
water levels are not expected to cause significant
migration of the shoreline landward. The reservoir will
have a gently sloping shoreline that gradually becomes
more level towards the northeast. Clay. type soils
predominate in the areas of reservoir shoreline with
prevailing weather conditions and land management prac-
tices influencing shoreline condttions.

COMMENT 10B: Submitted by Mr. Wm. L. Goetz, U.S. Army Corps
of Engineers.

The Watershed District needs to respond to this comment
by guantifying the effect the planned spring and summer
operation of the dam and reservoir proposed by the
District would have on mainstem Red River of the North
flood flows; specifically what effect will reservoir
fluctuation have on mainstem flood flows? This infor-
mation then needs to be translated into the amount of
land presently flooded at various flows and the amount
0of land that would be protected with the reduction in
peak flows attributed to the Sand Hill River Watershed
District's proposed project. This information should be
submitted in tabular form along with documentation which
substantiates the information provided.

Response:

Information for the Red River mainstem relative to the
land area inundated at various flood flows is not
readily available. The impact of the proposed project
on Red River flood flows is highly variable. The
effects depend on hydrological, climatological, land
use, and other conditions, as well as the peak "8-day
window" Red River flood flows at downstream USGS gage
stations. Generally, removal of the 6800 acre-feet
through reservoir storage will attenuate downstream Sand
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@

Hill River flood flows. This reduction in flow contri-
butions to the Red River at Climax, MN, would then lower
Red River flood flows downstream.

Analyses by Mr. Daniel Thul, DNR Red River Coordinator,
of two flood events for the years 1969 and 1979 are pre-
sented below:

"8-Day Window" "8-Day Window" "8-Day Window"

Red River Peak Flow Volume
Flood Main Stem Flood Flow Reduction Reduction
Year Location (cfs) (cfs) (Acre-Feet)
1969  Grand Forks, 53,500 250

ND

Emerson, 54,700 225 3,100

Manitoba
1979 Grand Forks, 82,000 300

ND

Emerson, 92,700 275 3,900

Manitoba

From further data provided by the LRRWMB through their
planning and development efforts, it appears that the
Winger Dam would have the potential for similar results
for the recent flood years including 1948, 1950, 1965,
1966, 1969, 1970, 1974, 1975 and 1978.

A data source that quantifies Red River mainstem land
area flooded at various flows does not appear to be
available. The LRRWMB has determined that a reasonable
and achievable goal is to reduce the 100-year flood
flows at Emerson, Manitoba by 20,000 cfs which repre-
sents a reduction from 109,000 cfs to 89,000 cfs. In
order to reach this goal, it has been estimated that
approximately 163,000 acre-feet of floodwater would have
to be removed from the flood peak at Emerson within an
8~day period or "window" defined as the period approxi-
mately 4 days before the peak and 4 days after the peak.

COMMENT 10C: Submitted by Mr. Wm. L. Goetz, U.S. Army Corps
of Engineers.

The Watershed District needs to respond to this comment
regarding flood benefits associated with the project
proposed by the Sand Hill River Watershed District.
Data showing flood benefits attributable to the local
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area and to the Red River need to be provided which
‘document the acreage presently being flooded, or how
" many acres would be protected from flooding if the pro-
posed project by the Watershed District is completed.
The most readily understandable form of this data would
be presentation in tables.

Response:

Information for the Red River mainstem relative to the
land area presently being flooded at various flood
events is not readily available. Local land area of the
Sand Hill River Watershed impacted by this proposed pro-
ject is presented on an average annual basis. A
complete discussion of ecnomic analysis methodology is
.covered in the Preliminary Engineer's Report - Economic
Analysis, dated 16 October 1986. Tabulated data

- excerpted from this report are presented as follows.

Sand Hill River Basin

Summary of Average Annual Area Flooded by Reach

Average Annual
Area Flooded Reduction

(acres) in Average
Without With Area Flooded

Reach Description Project Project (acres)
1. Sand Hill River from the Red

River of the North to the

upstream end of the existing

Corps of Engineers project 1080 640 440
2. Sand Hill River from the

upstream end of the existing

Corps of Engineers project

to Fertile, Minnesota 130 72 58
3. From Fertile, Minnesota to

SHRWD Project No. 1 (Bear

Park Dam) 438 192 246
4. From Project No. 1 (Bear

Park Dam) to a location at

the midpoint between

Project No. 1 and the

proposed Winger Dam 139 46 93
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Average Annual
Area Flooded Reduction
(acres) in Average
Without With Area Flooded
Reach Description Project Project (acres)
5. Sand Hill River from the
midpoint between Project
No. 1 and the Winger Dam
site to the proposed Winger
Dam 131 61 70
1-5 Sand Hill River from the
Red River of the North to
" the proposed Winger Dam 1918 1011 907

Flood benefits associated with the proposed project for
the Red River mainstem are based on the reduction of the
"8 day window" flood peak at Emerson and not on flooded
versus protected acreage. Based on data from the
McCombs-Knutson Study dated May, 1984, prepared for the
LRRWMB, floodwaters removed from the 100-year flood peak
at Emerson (8-day window) would reduce average annual
damages along the mainstem by $245 per acre-foot of
floodwater removed. Project mainstem benefits were then
derived by applying this flood peak reduction value to
the volume of floodwater removed from the 8-day window
at Emerson for the 1979 flood year as a result of reser-
voir storage.

For the Sand Hill River drainage basin, flood reduction
benefits were calculated based on actual land areas, as repro-
duced from the Preliminary Engineer's Report - Economic
Analysis, dated 16 October 1986, and presented below:
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Table No. 6
Averaoe Annual Acricultura! Damaoec and Benef:ts
(hlonc Sand Eil! River)
Damages
ltem NC Prorec: v:xr Frerec: benefits
Arez Flooded 1918 acres i i 1011 acres 907 acres
Total Weighted
Damage (1986) S60 x 1918 = 5115,080 S60 x 1011 = S60,660 S60 x 907 = S54,420

Total weiohted

Damage (2011) 1.25 x 115,080 = 1.25 x 60,660 = 1.25 x 54,420 =

$143,850 $75,825 68,025
Agricultural »
Growtn
25 Years 143,850 - 115,080 = 75,825 - 60,660 = 68,025 - 54,420 =

S 28,770 $15,165 $13,605

Average Annual
Agriculzural

Growth (1) .515859 x 28770 = .515B5% x 15,165 = .515859 x 13,605 =

Botrrty S 14,845 $ 7,825 s 7,020
Total 115,080 + 14,845 = 6C,660 + 7,825 = - 54,420 + 7,020 =
$129,925 - 568,485 S€.,440

Table No. 7

Average Annual Other Acricultura! Damages anc benefits

{Alonc Sand Eill river)
Damaoes

ltem Nc_Pronecs: wWitr Provec: benefire
Ares Flooded 1218 acres 1011 acres - 807 acres
Total weighted
Damage (1986) $20 x 1918 = S38,360 $20 x 1011 = $2C,220 S20 x 907 = 518,140
Total Weighted
Damage (2011) " 1.25 x 38,360 = L.25 x 20,220 = 1.25 x 18,140 =

$47,050 ;825,275 £22,875

Agricultural

Growth ’
22 Years 47,950 - 3E,360 = 25,275 - 20,220 = 22,675 = 1E,140 =
S 8,590 s 2,085 S 4,335

Average Annual
Acriculcural
Growsn (1}

.315859 x 5,055 = .515859 x 4,535 =

Total.

(1)Tne annual

.515858 x 92,590 =
$ 4,950

38,360 + 4,95C =
$42,310

eguivalent facrtor is 0.51585¢,

s 2,610

2C,220 - 2,610 =
$22,830

S 2,340

18,140 - 2,340 =

520,480

as derived in Iable No. €.
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Urban flood damages occur in the towns of Climax and
Beltrami. A 1984 Corps of Engineers' study (Section 205
Initial Appraisal Report) estimates the average annual
urban damages for these towns at $14,000. Following
Corps of Engineers methodology, the average annual
damage with the proposed project is computed as follows:

Agricultural Crop
Damage with Project
$14,000 (Reach 1)
Agricultural Crop
Damage Without
Project (Reach 1)

Damage with Project

$14,000 $60 (640 acres)
$60 (1080 acres)

$8,295

Therefore, the annual average urban benefit from the proposed
project is $14,000 -$8,295 = $5,705. :

COMMENT 10E: Submitted by Mr. Wm. L. Goetz, U.S. Army Corps
of Engineers.

The USCE also raises a concern with the validity of the
estimates regarding anticipated shoreland development in
consideration of the projections in the Draft EIS
related to the fishery resource and water quality. The
Watershed District needs to respond to this comment by
documenting the methods by which the 60% estimate was
derived indicating the extent to which this estimate
remains accurate, and by demonstrating the validity
using data for a similar lake and fishery resource
within the region. For example, the Area Fishery
Manager at the public meeting indicated the proposed
reservoir can be expected to support a fishery similar
to Sand Hill Lake and therefore data from Sand Hill Lake
could be used as part of the sample data.

Response:

Other recreational activities in addition to sport
fishing may impact shoreland development. Consideration
currently being given to water quality enhancement
systems will augment the reservoir as a recreational
resource. Of the total newly created shoreland,
approximately 40% was believed to be unsuitable for
recreational development due to its proximity to the dam
structure, steepness of the shoreline, presence of deep
sloped tributaries and/or shallow off-shore waters.
Comparison of various Minnesota fishery resources is
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outside of Houston Engineering's areas of expertise and
was not a basis in this determination. However, the
Minnesota DNR should have a sufficient data base on
fishery resources to address fishery issues.

COMMENT 10G: Submitted by Mr. Wm. L. Goetz, U.S. Army Corps
of Engineers.

The USCE also notes an inconsistency in the last
paragraph on Draft EIS Page 3-50 which the Watershed
District needs to clarify ahd document. According to
the Draft EIS, while guantifiable amounts of protected
lands along the Red River is not available, the :
Watershed District's Economic Analysis (Sand Hill River
Watershed District Preliminary Engineers Report =
Economié Analyéis) hag gquantified benefits to agri-
cultural lands. Obviously if benefits have been
quantified then it is erronéous to state that a quan=
tifiable amount of protected lands "is unavailable. This
comment can bé reésponded to by either quantifying the
amount of protected lands which have been assigned
benefits, or by not assigning benefits to agricultural
lands, if in fact those benefits cannot be gquantified.
As the comment indicates, if the guantifiable effects
are dependent on other activities, then those activities
also need to be desc¢ribed and discussed.

Response:

Section II,C.l. ®f the Preliminaty Engineer's Report
Economic Analysis dated October 16, 1986, addresses this
issue. Protected land area was determined for the Sand
Hill River downstream from the proposed Winger Dam to
the Red River of the Neorth utilizing the HEC-I hydrology
computer model. The U.S. Army Corps of Engineers Sand
Hill River Flood Control Project land benefit values
were then applied to the 907 identified acres of pro-
tected lands. Urban damages and methodology for deter-
mining benefits were taken directly from a 1984 Corps of
Engineers Section 205 study for a potential dam and lake
at the project location.

The McCombs=Knutson Study done for the LRRWMB, and dated
1984, was used as the basis for determining agricultural
and urban benefits of the project for the Red River
Mainstem. Based on an evaluation of the Winger Dam pro-
ject influence on flood flows for the 1979 flood, it was
determined that the peak flow at Grand Forks, N.D. could
have been reduced potentially by about 300 cfs and by
about 275 ¢fs at Emerson while removing about 3900 acre-
feet of floodwater from the "8-day window" at Emerson.
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Applying the economic strategy promoted by the LRRWMB,
the value of removing 3900 acre-feet from the 8-day win-
dow at Emerson at $245 per acre-ft. damage reduction-..
value was calculated. ‘Area of protected land for the
Red River: Mainstem: was’ not quantlfled in- calculat1ng
mainstem beneflts. i : :

COMMENT 10H: Submitted by Mr. Wm. L. Goetz, U.S. Army Corps-
of Engineers. I ' , ‘ o B

The Watershed District. needs to respond to this comment
reqardlng the: extent of, and the proposed plans to . =
affect two farmsteads within: the flood pool' of the
reserv01r proposed by the project sponsors. “The- T
response- 'should- identify the acreage of the farmsteads
and how’ these propertles are proposed to be affected.-
The District' s response also needs to’include similar:
information on: the ‘extent and nature of. the impact to
the farmsteadsWunder each" of the alternatlves.

ik

Response

Both affe
manent an

tuatlng flood>pool. The Benbo farmstead has 7+ acres .
zand! the- Mortenson farmstead has 5+-acres within =

the flood pool. ‘Other than Alternate No. 1, only
Alternate No. 4 w1ll impact area farmsteads. ‘
Specifically, the Mortenson farmstead will be impacted:
in the same manner as under Alternate No. 1. It is the
intention of theiBoard to purchase’'these two farmsteads,
remove all bu1ld1ngs and secure the s1tes for 1nundatlon
by the reserv01r flood pool T e

ey N ‘ o v‘rt'

COMMENT 11A‘ Submltted by Mr. Cllfford T Anderson,
Mlnnesota Pollutlon Control Agency. S IR
The Mlnnesota Pollutlon Control Agency (MPCA) ralses a.
concern w1th the: deta1l and specificity of the: construc-
ctlon plaj‘,and spec1f1cat1ons. ‘The Watershed D1str1ct
needs to;respondito.this comment: by providing more”
‘detailed information on proposed construction> plans ﬁi
including construction deadlines and/or dates of comple-
tion or: tlmevperlods in which construction’tasks.are: to
be completed.‘ One poSsible way:to: respond- to this. com-
‘ment could be bo establish a beginning: date: based: on’ a-
: reallstlc assessment of completlon of:: proposed. project
- plans and speclflcatlons or-'on. acqguisition of:réquired
f approvals, ang: thento establish: thefconstructlon sche—
dule based on. that beq1nn1ng date.




Department of Natural Resources
December 15, 1987
Page 22

Response:

Final design and construction plans and specifications
for the proposed Winger Dam project have not been
completed. It is not desirable for construction plans

and specifications to precede the EIS,

they should reflect the outcome of the EIS process.
Once all preliminary project review and approval stages
have been satisfied, detailed plans and specifications
will be prepared. Draft plans and specifications will
then be submitted for final approval as part of the pro-
ject permitting process. At that time a specific

construction schedule will be developed.

This is because

We believe it

is somewhat premature to set a construction beginning
date at this time. An estimated project timetable is

suggested below.

Project Development
Final EIS Decision Issued
Final Engineer's Report Filed
Director's Report Filed
Draft Plans and Specifications
Permit Applications Filed
Notice of Public Hearing
Permits and Agreements Issued
Final Hearing
Establishment of Project
Final Plans and Specificatiohs
Advertise for Construction Bids
Award Construction Contract
Start Construction

Mobilization

Site Preparation/Vegetation

Removal

Construct Embankment (Maintain

River Control & Reroute
T.H. 59 Traffic)

Construct Principal Spillway

Components
Open T.H. 59 with Gravel
Surface

Pave T.H. 59 (Reroute Traffic)

Road Relocations, Abandonments,
or Raising (Reroute Traffic)

Construction Contract Close-Out

Fill Reservoir (Set Low Flow
Sluice Gate to Maintain
Base River Flows)

Estimated Timetable

February,

March, 198
March, 198
June, 1988
June, 1988
June, 1988
August, 19
August, 19
August, 19
October, 1
October, 1
November,

December,

December,

December,
March,

1988
8
8

88
88
88
988
988
1988
1988
1988

1988
198

April - Nov.,

s

-

9

1989

April - Nov., 1989

December,

1989

May - June, 19

July - Sept.,
Oct. - Dec., 1

March - April,

90

1990
990

1990
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COMMENT 11D: Submitted by Mr. Clifford T. Anderson,
Minnesota Pollution Control Agency.

The Watershed District needs to respond to this comment
of the MPCA regarding the potential for fish kills and
exceedance of water quality standards due to conditions
when bottom water spills over the dam. The MPCA
suggests the Watershed District provide an estimate of
hypolimnetic oxygen depletion rate and reaeration rate
over the spillway to document the absence of fish kills
or water quality violations. You should work with staff
in the MPCA Water Quality Division to assure an
understanding of the scope of the information required.
The DNR can provide a contact person at the MPCA for
this effort.

Response:

D.0O. levels within the reservoir will be dependent on
highly complicated interrelationships between physical,
chemical, and biological processes. Using a gualitative
approach, it can be anticipated that D.0O. concentrations
would be highest near that lake surface and gradually
decrease with depth. D.0O. concentrations would be
highest during the cooler months. However, ice and snow
cover on the lake during the winter has been known to
hamper natural reoxygenation processes and lead to an
overall D.O. depletion below acceptable levels for some
fish. This phenomenon is commonly called "winter kill".

Temperature levels in the downstream river would nor-
mally be decreased during the summer months because low
flows would be taken from the cooler lower portion of
the reservoir. Again, temperature effects would dimi-
nish in the downstream direction from the dam due to
natural processes. Temperature levels within the reser-
voir would vary, depending on the time of the year. 1In
the summer, temperatures would be highest at the lake
surface, and decrease with depth. During the winter,
the deeper waters would be expected to have higher
temperatures.

Reservoir stratification can sometimes result from tem-
perature and water density conditions within the lake.
The potential for stratification is highly dependent on
reservoir depth and the ability of physical process
(i.e. normal inflow and wind) to mix impounded water.
Generally, the shallower waters are more likely to
undergo complete mixing than the deeper waters.
Stratification is also dependent on the ability of the
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natural mixing forces to overcome the strength of the
thermocline to resist mixing. The thermocline is
defined by a steep temperature gradient which separates
the upper warmer less dense water for the lower cooler
and more dense water. For shallow lakes, the ther-

" mocline is weak and unable to resist the mixing forces.
For the proposed project, it is difficult at this time
to predict whether the maximum depth of 25 feet is suf-
ficient to produce a strong thermocline and the
resulting stratification. DNR experience and data for
other Minnesota lakes would provide some direction in
this matter.

Should a stratification potential be found, the impact
would have to be determined. Consideration of an aera-
tion system to be incorporated in the proposed project
operations can then be made to address the stratifica=-
tion potential and maintenance of adequate dissolved
oxygen levels. Please refer to pade C-1 of the Draft
EIS for regulatory information relative to this issue.
DNR. fisheries personnel would be in the best position to
evaluate these impacts. Presently, the low flow conduit
is designed to pass base flow by removing lower reser-
voir water automatically with no provision for manual
control of water withdrawal at varying depths.

"It can be anticipated that downstream dissolved oxygen
levels would be increased from water releases imme-
diately below the proposed dam. The increased D.O.
would result from a 25-foot vertical drop of the reser-
voir outflow through the principal spillway/energy
dissipation system and the associated turbulence. The
increased level of D.O. would gradually diminish in the
downstream direction due to natural process of
deoxygenation. The reaeration/deoxygenation process
could be hypothetically modelled using classical
Streeter-Phelps formulation. However, a great amount of
reaeration and deoxygenation data would have to be
developed. ’

The effects of water release from the proposed project
on dissolved oxygen (D.O.), temperature, aquatic weed
growth, algae blooms and other effects can only be
addressed in a gualitative manner at this time.
Existing expertise within the Department of Natural
Resources would be in a better position to address this
topic in a more definitive way.




Department of Natural Resources
January 5, 1988
Page 25

COMMENT 11G: Submitted by Mr. Clifford T. Anderson,
Minnesota Pollution Control Agency.

The Watershed District needs to respond to this comment
regarding the existence of septic systems below the pro-
posed 1200 foot contour and identify specific plans for
addressing septic systems below this elevation.

Assuming a response to the issues raised by Mr, Krogstad
in Comments 2 and 3A, the District won't need to respond
to the issue raised in this comment regarding the need
to cap the wells. However as identified in the
discussion accompanying Comment 2, the response does
need to identify the party responsible for the cost of
capping and abandoning wells and septic systems, and the
intention of the Watershed District to either reimburse
landowners or pay those costs directly. In addition,
these costs should be added as up front project costs
and shown in a manner which reflect that addition.

Response:

It is the intention of the Watershed District to comply
with appropriate state and/or local regulations relative
to wells and septic systems within the proposed project
area as part of property condemnation, acquisition
and/or easement procedures. These procedures will be
documented and costs will be incurred by the Watershed
District through the property condemnation, acguisition
and/or easement process. The project cost estimate will
be updated to reflect and identify these "up front"
costs.

COMMENT 12B: Submitted by Mr. Wm. D. Franz, U.S.E.P.A.

The EPA also raises the issue of the 6,800 acre-feet of
storage requirement associated with all of the
alternatives. This requirement was also mentioned at
the public meeting. The exact nature of the reguirement
and the reason for this storage amount as a condition of
partial financial assistance needs to be explained and
clarified. This explanation should include the source
of the requirement and whose requirement it is. If this
explanation can be documented by another prepared
report, that documentation should be indicated.

Response:
The 6,800 acre-feet of storage requirement associated

with all of the project alternatives was determined by
mutual agreement between the Lower Red River Watershed
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Management Board and the Sand Hill River Watershed
District. This storage requirement is based on economic
and benefit considerations of project impact on the Red
River of the North. 1In addition, the 6,800 acre-feet
represents the remaining available storage between the
minimum reservoir elevation required to maintain an ade-
guate permanent pool depth and the maximum reservoir
water elevation controlled by area topography.

COMMENT 12C: Submitted by Mr. Wm. D. Franz, U.S.E.P.A.

The Watershed District needs to respond to this comment
regarding the potential for serious impacts on the water
guality of both the Sand Hill River and the Red River of
the North by providing documentation to indicate the
nature of downstream water quality attributable to the
‘project proposed by the District. Water quality
sampling data, if available, could provide the greatest
assistance. -

Response: -

The effects of water release from the proposed project
on dissolved oxygen (D.0O.), temperature, agquatic weed
growth, algae blooms and other effects on the Sand Hill
and Red Rivers can only be addressed in a gualitative
manner at this time. Existing expertise within the
Department of Natural Resources would be in a better
position to address this topic in a more definitive way.

It can be anticipated that downstream dissolved oxygen
levels would be increased from water releases imme-
diately below the proposed dam. The increased D.O.
would result from a 25-foot vertical drop of the reser-
voir outflow through the principal spillway/energy
dissipation system and the associated turbulence. The
increased level of D.O. would gradually diminish in the
downstream direction due to natural process of
deoxygenation. The reaeration/deoxygénation process
could be hypothetically modelled using classical
Streeter-Phelps formulation. However, a great amount of
reaeration and deoxygenation data would have to be
developed.

Aguatic weed growth, algae blooms, and other effects in
the downstream river regime are not anticipated to be of
any significance. However, these phenomenon can be
expected around the periphery of the proposed reservoir.
The magnitude of adverse effects from these phenomenon
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are difficult to predict without further study. They
are highly dependent on lake nutrient loading in most
cases.

The determination of baseline water quality information
is dependent upon parameters required for environmental
analysis. Neither the District nor Houston Engineering,
Inc. has the laboratory facilities to conduct the most
common analyses. To date, we do not know which parame-
ters are regquired. For these reasons, we feel that the
DNR is in a better position to develop the required
baseline data to suit the needs of the Environmental
Impact Statement.

COMMENT .12D: Submitted by Mr. Wm. D. Franz, U.S.E.P.A.

This comment regarding an aeration system can be
responded to as indicated in the discussion accompanying
Comments 9C, 9D, and 9G. However, to adequately respond
to this comment, the Watershed Distirct needs to iden-
tify the extent of the aeration system to be incor-
porated into a proposed project design, particularly
noting whether operation is proposed on a periodic or
continuous basis.

Response:

The response of the Sand Hill River Watershed District
to this comment is contained in its responses to com-
ments 9C, 9D, 9G, and 9H. Therefore, reference is
hereby made to these previous responses.

GENERAL COMMENT: Project Costs - MnDOT Funding.

The public informational meeting included discussion of
the Minnesota Department of Transportation project
deferrals. As is evident from the attached deferral
position statement, at the present time the $1,020,000
MNDOT portion of proposed funding has been deferred.

The Watershed District needs to identify the extent to
which these deferral plans impact the District's pro-
posed plans and schedule, since at the public meeting it
was indicated that plans and specifications are antici-
pated to be completed in December 1987 or January 1988.

Response:

Due to the current project review timetable and design
requirements it appears that the actual construction
schedule will accommodate this temporary funding delay.
The updated project timetable reflects an estimated
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cohétruction contract award date in the late fall of
01988. - Reconstruction of T.H. 59 would occur during 1989
~coinciding with the release of the MnDOT funding.

‘:GENERAL COMMENT: Project Costs - Updated Cost Estimate.

Appendix L in the Sand Hill River Watershed District
Preliminary Engineer's Report contains the Watershed
District's detailed estimate of costs. Based upon a
-review .of this information, it appears this is the same
data -as provided in the February 21, 1985 Preliminary
Data and Cost Estimate. For example, the Trunk Highway
No. 59 costs identified total $859,590 while the
Minnesota Department of Transportation programmed amount
is noted in July 1985 to be $1,020,000.00. It is impor-
tant that the Final EIS provide the most current estima-
tes of proposed project costs. Therefore, the Watershed
District needs to provide updated estimates of project

- costs. To assure this estimate is an accurate reflec-
tion of current project costs, this updated information
also needs to include:

-Cost of capping and abandonment of wells (see
discussion accompanying Comments 2, 3A, and 11G;

~Cost of capping and abandonment of septic systems
(see discussion accompanying Comment 11G);

-Cost of installation and operation of an aeration
.system (see discussion accompanying Comments 9C, 9D,
9G, and 12D); and

-Cost of proposed project and downstream upland and
wetland mitigation (see discussion accompanying
Comments 4G and 4H).

Response:

An updated project cost estimate is provided below.
Review of project item unit prices indicates that esti=-
mated future costs at the projected time of project
construction (January 1, 1987 - December 31, 1989) were
taken into consideration. A few unit prices were
updated based on more recent data. The cost estimate
was modified to include the current cost estimates for
Polk County Road relocations received from the Polk
County Engineer's Office, principal spillway access
appurtenances, reservoir fencing, soils investigation
and engineering, and address water well and septic
system issues. The estimated cost to comply with
Minnesota Health Department regulations relative to the
existing flowing well is $5,000 and to the existing
domestic water wells and septic systems of the two
impacted farmsteads is estimated to be $500 for each
system. The total estimated cost for water well and
septic system issues would then be $7,000.
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The estimated costs for reconstruction of T.H. 59 still appear to be
valid with an adjustment made for bituminous material unit cost due to
lower anticipated petroleum prices. The unit cost of "Clearing" was
adjusted to be consistent with the estimated unit cost for reservoir
clearing work. The funding contributions by the MnDOT for this aspect
of the project are based on the cost estimate for their originally
planned bridge and reconstruction design.

Detailed Estimate of Costs - Alternative No. 1

Unit Total Esti-
Item Unit Quantity Cost mated Costs

A. Relocations:

1. County State Aid

Highway No. 1 l.s. 1 $400,000 $400,000
2. County State Aid

Highway No. 8 l.s. 1 330,000 330,000
3. County Road No. 204 l.s. 1 100,000 100,000
4. Sletten Twp. Road

(Sec. 20/21) l.s. 1 18,000 18,000
Contingencies ' 85,000
Total Relocations $933,000

B. Reservoir:
Remove Bridge ea. 2 5,000 $ 10,000

Twp. Roads
(Fish Habitat

Structures) : ea. 2 -0- -0-
Clearing - 4

Woodland ac. 105 1,000 105,000

Clearing - Wetland ac. 325 - 300 97,500

Clearing ac. 1,900 10 19,000

Recreational Enhaﬁcement l.s. - 50,000 50,000

Contingencies 31,500

$313,000
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Unit Total Esti-
Item Unit Quantity Cost mated Costs
C. Trunk Highway No. 59:
Mcbilization l.s. 1 $30,000.00 $ 30,000
Maint. & Restoration of Haul ‘

Roads ' l.s. 1 30,000.00 30,000
Clearing ac. 1 1,000.00 1,000
Grubbing ac. 1 500.00 500
‘Remove Pipe Culverts 1.f. 60 5.00 . 300
Remove Concrete Pavement S.V. 16,111 2.50 40,280
Salvage Pipe Culverts 1.f. 301 10.00 3,010
Excavation C.Ve 158,946 1.50 238,420
Aggregate Shouldering ton 9,236 4,50 41,560
Bituminous Material for

Mixture ton 603 200.00 120,600
Binder Course Mixture ton 1,595 9.00 14,355
Base  Course Mixture ton 9,475 9.00 85,275
Shoulder Mixture ton 01,748 9.00. 15,730
Temporary Lane Marking Rd. Sta. - 363 50.00 18,150
Bituminous Material for

Mixture" ton 96 200.00 19,200
Wearing Course Mixture ton 1,595 9.00 14,355
Bit. Material for Tack Coat “gal. 2,513 1.10. 2,765
Remove 01ld Bridge l.s. 1 10,000.00 10,000
Traffic Barriers & Detour

Signs 1.f. 3,200 3.50 11,200
Twisted End Treatment ea. 64 200.00 12,800
36" C.S. Pipe Culvert 1.f. 162 50.00 8,100
18" R.C. Pipe Culvert 1.f. 48 17.10 820
36" C.S. Pipe Aprons ea. 2 250.00 500
18" R.C. Pipe Aprons ea. 2 85.00 170
18" C.S. Safety Apron ea. 1~ 250.00 250
Random Riprap Class II C.V. 5 50.00 250
Geotextile Fabric S.Y. 14 20.00 280
Roadside Seeding ac. 26 50.00 1,300
Seed Mixture Special 1b. 1,040 0.85 885
Sodding S.Y. 22,774 1.50 34,160
Mulch Material Type I ton 52 95.00 4,940
Disc Anchoring ac. 26 27.50 715
Comm. Fertilizer Anal. 6-24-24 ton 5 220.00 1,100
Hay or Straw Bales ea. 50 10.00 500
Contingencies 76,120

Total Trunk Highway No. 59 $839,590
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Unit Total Esti-
Item Unit Quantity Cost mated Costs
D. Dam:
1. Mobilization l.s. 1 30,000.00 $ 30,000
2. Earthwork Items:
Water Control l.s. 1 35,000.00 35,000
Excavation CeVe 139,624 3.00 418,870
Slurry Cut-Off s.f. 80,000 2.00 160,000
Embankment CeVe 441,582 1.70 750,690
Drain Fill C.Vo 40,212 6.00 241,270
Total Earthwork Items: $1,605,830
3. Principal Spillway
Components:
Structural Concrete c.V. 925 225.00 208,125
Reinforcing Steel 1b. 168,100 0.45 75,645
Structural Steel 1b. 24,700 1.25 30,875
Copper Water Stop ft. 532 15,00 7,980
48" Dia. RCP ft. 70 110.00 7,700
4' x 4' Gate
w/Appurtenances ea. 1 30,000.00 30,000
22' x 6' Roller Gate
w/Appurtenances ea. 2 60,000.00 120,000
Piling l.s. 1 15,000.00 15,000
Access Appurtenances l.s. 1 5,000.00 5,000
Total Principal Spillway Components: $500,325
4. Emergency Spillway
Components:
Enkamat 7020 S.V. 2,367 10.00 23,670
Sheet Piling s.f. 1,560 15.00 23,400
Sod S.V. 2,367 1.50 3,550
Total Emergency Spillway Components: $ 50,620
5. Riprap C.Ye 5,600 45.00 252,000
6. Fencing 1.f. 1,500 15.00 22,500
7. Seeding l.s. 1 10,000.00 10,000
Contingencies 321,815
Total Dam $2,793,090
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L o ‘ Unit Total Esti-
Item L Unit  Quantity Cost mated Costs

E. Summary:

Relocations . _ S 933,000%
Reservoir I 313,000
Trunk Highway No. 59 ' 839,590
Dam o 2,793,090

Total Construction ' $4,878,680
Utility Relocation - 40,000
Soil Testing and Soil Engineering ~ 137,280
Aerial Mapping 9,400
Engineering - Design and Inspection 300,000
Legal and Administrative 75,000

Right-of-Way (Includes Conformance to Minnesota"
- Department. of Health Regulations relative
" to Water Wells and Septic Systems) _ 900,000**
TOTAL COSTS - $6,340,360%

FUNDING SOURCES

State of Minnesota Bonding $2,500,000
Minnesota Department of Transportation 1,020,000
Lower Red River Watershed Management Board 962,360
Sand Hill River Watershed District 275,000
Polk County 913,000%*
Local Right=-of-Way Donations 600,000
Wild Rice Electric Co. (Power Line Relocation) ‘ 20,000
Winger and Sletten Townships (Work in Lieu of Cash) 50,000

$6,340,360

*Cost increase due to Polk County Engineer's updated cost estimate for
road relocations. Sletten Township rocad relocation cost estimate
updated by Houston Engineering. Funding is totally provided by Polk
County and Sletten Township.

**Mitigation costs are included in costs for right-of-way. Right-of-way
costs also includes provision for an aeration unit at between $22,000 and
$26,000. The District will solicit the cooperation of other State and
local entities for installation and maintenance of an aeration system.
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In addition to the District's responses to the EIS comments
outlined above, we would like to comment on the outcome of
our meeting with DNR officials on December 22, 1987. We
would specifically like to acknowledge the proposed revi-
sions to the wording of the operational procedures on page
" 3-41 of the EIS. The District concurs that the following
statement should be added to the effect that:

"Specifics on operation of the dam will be established
during the permit process" and "the success of the
‘operating plan will be monitored and modified as

required."”

We feel that the responses contained herein are sufficient,
and that the EIS process can now be brought to its
conclusion. If you have any guestions, don't hesitate to
call us immediately.

Sincerely,

SAND HILL RIVER WATERSHED DISTRICT

-/
f\ fézMA/“, ;%tulzbééyv
Roland Gdllekson, Chaizman

RG:gz

cc: Vonny Hagen
Tom Balcom
Ron Harnack
Ron Nargang



ATTACHMENT NO. 1

TELEPHONE 218-281-3952

HIGHWAY DEPARTMENT

TH 75 AND CR 233
P.0.BOX 27
CROOKSTON. MINNESOTA 56716

A

October 7, 1985

Mr. Gale Fraser

Houston Engineering o I
2505 N. University Drive R

P.O Box SU 5054 | O T ITe
Fargo, North Dakota 58105 A;;;Gﬁ-hUﬁHi?u{GTﬂ

Dear Gale{

In the past serveral months we have become aware of the
Winger Dam that is proposed to be built on the Sand Hill
River just east of Trunk Highway 59 near Winger. Because of
the lake that will result from the dam several county roads
will be affected. In particular C.S.A.H. No. 8 and C.R. 204
will have to be relocated and C.S.A.H. No. 1 will have to be
raised in elevation.

We are currently involved in the preliminary survey and
design of the road construction that will need to be made.
We have tentatively scheduled a letting date for January 1987
with construction scheduled to begin by May or June of 1987.

Because of Houston Engineering's involvement with the design,
we would appreciate information you could provide us with on
the water elevations of the lake at the intersection of T.H.-
59 and C.R. 204 and also at the intersection of C.S.A.H. 1
and C.S.A.H. 8 with the corresponding design frequency. We
anticipate the box culvert under C.S.A.H. No. 1 will be
extended.

We are contacting you now so that when +his information
becomes available we may complete the design of the projects
in a timely manner. !

Please continue to contact Joe McKinnon, Construction
Engineer, in our office with information or questions on
these projects. -
Sincerley,

/%éoéL~£1 PR

Michael P. Rardin, P.E.
Polk County Highway Engineer

MPR:cmb




ATTACHMENT NO. 2

Ccnsc. 2 Prolect4.COR
TELEPHONE 218-281-3952

HIGHWAY DEPARTMENT
TH 75 AND CR 233

P.0. BOX 27

CROOKSTON. MINNESOTA 56716

July 9, 1987

Ms. Charlotte Cohn

Minnesota Dept. of Natural Resources
Office of Planning

500 Lafayette Road

St., -Paul, Minnesota 55146

Re: Proposed Sand Hill River Watershed District Project No. 4
Winger Dam Draft Environmental Impact Statement (DEIS)

Dear Ms. Cohns¢

Upon review of the Draft Environmental Impact Statement (DEIS)
for the proposed Winger Dam we noticed incorrect statements on
the relocation of County State Aid Highway No. 8.

Section 1.9 (Road Relocations) and Fig. 1-4 indicate that
C.S.A.H. No. 8 will be maintained at the current alignment but
be raised to an elevation of 1200.0. The Polk County Highway
Department has designed C.S.A.H. No. 8 to change its alignment
to the west to avoid the proposed resulting reservoir. This
would result in the relocation of 6088 feet of C.S.A.H. 8. We
have anticipated this proposed design and alignment change
since 1985 and completed the design in December of 1985. We
are unaware of why the DEIS shows the incorrect alignment.

In order that all issues would be correctly stated in the DEIS
we feel that the before mentioned correction should be made.

If you have any questions please contact our offi

S¢nce*elx,

N ///;7;77// - ML

Michael P. Rardin, P.E.
Polk County Highway Engineer

MPR: cmb
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ATTACHMENT NO.

PROJECT FINANCING AND PARTICIPATION (AS OF SEPT. 3,

Manager Wilkens moved that the following Resolution be

adopted by the Board of Managers:

RESOLVED, that the construction of an earth-fill flood
reducticn dam with recreational pool, and related work on the Sand
Hill River where U.S. Route No. 59 crosses the Sand Hil]l River near
the north-south section line between Sections 26 & 27 and Sections
34 & 35, Township 147, Range 42 (WINGER TOWNSHIP) of Polk County,
Minnesota, shall be undertaken by the Sand Hill River Watershed
District. Said improvement 1is for the public interest and welfare
and is practicable and in conformity with the Overall Plan of the
District. The <cost of the project thereof 1is estimated at
$5,892,035.00. The financing of the project, to date, is from the
following scurces:

Sand Hill River Watershed District $ 275,000.00
Minnesota State Bonding $2,500,000.00
Polk County (Road Relocations) - T § 464,675.00
Winger & Sletten Townships '

(work in lieu of cash) _ $ 50,000.00
Minnesota Department of Transportation $1,020,000.00
Wild Rice Electrical Co-Op S 20,000.00
Right~of-Way donations $ 600,000.00
Lower Red River Watershed Management 3oard $ 962,360.00

TOTAL $5,892,035.00

Robert Muscha of Houston Engineering, Inc., is hereby

appointed Engineer for the project and 1is directed to make all

necessary surveys and plans for the construction thereof.

Manager Larson seconded the motion for the adoption

of sald Resolution, and, upon the question being but, the same was

declared unanimously carried.

CERTIFICATION

I, the undersigned Secretary of the Sand Hill River Watershed
District, hereby certify that I have compared the foregoing copy of a
Resolution of the Board of Managers of the Sand Hill River Watershed
District with the original thereof in the records of the said Sand Hill
River Watershed District, and that the same is a true and correct copy

thereof. -
Kéi;;4u<L‘///’£}{£¥92{;rﬂ<L/

Dan Wilkens, Secretary of the Board
of Managers of the Sand H1ll River
Watershed District

1985)







Minnesota Pollution Control Agency

April 8, 1988

Mr. Joseph N. Alexander
Commissioner

Department of Natural Resources
500 Lafayette Road

St. Paul, Minnesota 55155

Dear Commissioner Alexander:

Re: Sand Hill Watershed District Responses to Comments on the Winger Dam Draft
Environmental Impact Statement

We have reviewed the Sand Hill Watershed District’s Response to Public Comments
(Response) on the draft Winger Dam environmental impact statement (EIS), sub-
mitted in response to the Minnesota Department of Natural Resources’ (DNR)
letter to the District of October 28, 1987, and transmitted to us by DNR in
early February 1988. -

Our review of this document indicates that the District’s perception of the
proper function of the permitting and environmental review processes, and of
the roles of the various parties in those processes, is very different from
ours. A number of the responses to comments did not fully address concerns
raised in the course of environmental review, and the content of the Response
as a whole indicates a lack of understanding of how the above processes are
supposed to work.

Wwe will discuss the following issues in this letter:

* An EIS must present information sufficient to adequately inform the public
about the impacts of the proposed action. The draft EIS does not do this
although the means to do so are readily available, and it therefore is not
adequate to fully perform the function required of it under law.

* All significant issues ought to be fully addressed in the EIS and we take
exception to the District’s position that a number of what clearly are EIS
issues can wait for resolution until the permitting stage of the project.

* The District has not accepted the responsibility for supplying the data and
analysis necessary for proper review of its activities by the public.

Phone: ,
520 Lafayette Road North, St. Paul, Minnesota 55155
Regional Offices e Duluth/Brainerd/Detroit Lakes/Marshall/Rochester
Equail Opportunity Employer




Joseph N. Alexander
Page Two

DRAFT EIS DEFICIENCY

The function of an EIS under the law it to set forth as comple tely and cl
as possible the significant environmental issues regarding a project an
alternatives, so that intelligent and informed decisions as tc the appro-
priateness and feasibility of the project can be made by the public. This
includes a detailed description of the proposed action. The state requires by
law (Minn. Rules part 4410.0300 subparts 3 and 4) that environmental documerts
aid in orrmoting understanding of a prcject, address the significant issues, ke
used as guides in permitting _processes, provide public accountabl'lty in
project derlolanmaklna and (Minn. Stat. 116D.04 subd. 2a.) be detailed enough
so that the above goars can be realized. it is also requi:ed (Minn. Ruies

part 6115.0410 subpart 8C) that the nead for Class I dams in terms of
quantifiable hkenefits be shown. It is clearly state policy that EISs must have
the kinds of information and level of detail which will assure that these
requirements will be met.

The EIS presently contains some of the information needed by a reviewer to
analyze ‘the environmental effects of this project. However, as several
reviewers noted in their comments on the draft, some major questions remain.
The data presented is mostly qualitative, and several significant data gaps
exist. We believe that the level of concern expressed by several commenters,
avpled with the District’s failure to adequately address the issues, as noted
lsewhers in this letter, leads to the conclusion that water qual‘ty and oth
sues should receive c0ﬁ51deLablV mcre attenticn in the EIS than is now the
ise

=D
[STRNT ;-

93]

Specific areas in which the draft EIS is deficient are outlined below.

Water Quality

The draft EIS is generally qualitative in nature, rather than quantitative,
despite the fact that the data and models requitred for the document to be
gquantitative are readily available. Further, no analysis of downstream water
quality impacts was done.

Alsco,the draft EIS discusses water quality impacts for the preferred alter-
native only. This makes valid comparisons between alternatives very difficult,
and to that extent prejudices the EIS’s ability to perform its intended
function.

-5

(D

I h reviously indicated cur willingness to participate in efforts to

clve this problem, and reiterate that willingness here.

(D

Fleood Control Benefits

There seems to be conflict among the various documents relating to this project
regarding the potential for flood contrcl benefits. The draft EIS does not
address this conflict, nor does it resolve it. Since a significant public
expenditure is involved here, the ability of the project to perform its
intended function should be documented.
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Recreation Benefits

The draf* EIS dﬂes nh* say what kind of f;sherv the . Dlstrlct intends tc provide
with the project. - It says only that. indications are that the reservoir will
resemble a "bullhead type of lake." The document should explain what the plan
is, as well as the means to be emplcyed by the District to achieve the plan’s
goals, so that the public can adequately assess the extent to which the plan 1is
fea51o1e and whether bereF ts Putwelgn costs.

The EI S jJes net amdress the w1mna0111Pv or potential body ﬂontact
recr=ation within the reservoir. HMinnesota Pollubion Control agency (MPCA)
research exists which addresses this characteristic in quantitative terms
An

Analysis of this research with appropriate modeling would give the public a
much better idea of what. to expect from the reservoir . than the draft EIS now
doos, aﬂd this wnuld not be dlﬁIlCULt or time-consuming to do.

Pro1eﬁ+ LocrmaLwonal beQPfkv: are directly tied to water quality. Full
discussion of the water guality aspects of this project, .including the
impoundment and downstream water quality impacts ©f all alternatives, are.

crucial to understanding what recreational contributions this project will e
able to make in the region. -

Mit Luatlan and the B@neflt Cost Ratio

Calzulation of a meaningful benefit /cost ratio, a necessity for EISs on
rublicly-funded projects, is not possible unless all project-related
expenditures are known. - However, the full costs associated with mitigation for
this project are not given in this EIS. This is probably because it is not
known what the District intends to propose for mitigation, even though the
draft EIS makes it clear that various forms of mitigation will be required.
Again, the public cannot adequately review this project unless it knows what
the sponsor is planning. The place to present the plan is in the EIS. The EIS
should clearly state what is proposed for mitigation and what the costs are,
for each alternative. The benefit/cost ratio should in turn reflect these
costs [or =acnh alterpative. ’

THE EIS PROCESS VERSUS PERMITTING AS THE FORUM FCR REVIEW

The District’s Response to Comments is indicative of its belief that a number
of significant issues need not be addressed in the EIS, but can be relegated to
the permitting stage. However, the function of the permitting process is very
different from that of environmental review. The function of the EIS has heen
outlined above. Permitting, on the other hand, is the means by which terms and
conditions are placed on projects in order tc assure that environmental
standards are met. It is not a forum for overall discussions of oroject
feasibility, because each permit process is necessarily focused on the issues
associated with that particular permit. Permitting and environmental review
are not the same, and one cannot substitute for the other.
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Another point is that a properly done EIS assists agencies during the
permitting process by indicating where there may be problems meeting standards
and what kinds of mitigation will be required. The result is a more efficient
permitting process which can focus immediately on the most important issues.

We recognize that the question-of whether various issues ought to be addressed
in the EIS or in the permitting process is a valid one whose resolution will
always require some judgement. However, we also believe that this question is
best resolved by asking whether a public reviewer would need the information in
order to draw valid conclusions' regarding the environmental impacts of a
project, and whether the information could reasonably be made available during
the process of developing an EIS. If the answer to both questions is yes, the
. EIS should contain the information. ' If it does not, then the EIS process is
not functioning as it should. We believe that is the case here.

In the Response, the following issues were 1dent1£1ed by the District as being
left to the hermlttlng process for resolution:

- amount and type of wildlife mitigation

- amount and type of aeration needed for recreation management -

- costs of the above

- development of operating procedures for the dam which have ramifications
for water quality impacts and mitigation of those impacts.

In our view, the EIS should contain, as a minimum, documentation that
mitigation is oris not feasible and practical, an evaluation of mitigative
techniques and their c¢costs, and the mitigation proposal of the project sponsor.
This should be done for each alternative.

Similarly, the operating procedures for the dam will have effects in a number
of important areas, such as water quality downstream and within the
impoundméent. Evaluation of these effects is difficult unless the EIS addresses
them fully. ;

ROLES OF VARICUS PARTIES TIE PROCESSES

The District’s Response contains language which makes clear its belief that
state agencias have the responsibility for replying to requests for detailed
project ‘information. We disagree. While the District can arrange for the
compilation and analysis of project data by any entity it chooses, including
state agencies if they agree, the ultimate responsibility for making those
arrangements and making sure that the data is provided must be the District’s.

This in no way conflicts with the fact that MPCA routinely does considerable
modeling of project data, nor that agencies routinely share information and
expertise to the extent possible and in the public interest. However, it is
the responsibility of the project sponsor to arrange for new data gathering and
compilation, data analysis, modeling, and other activities in support of a
project.
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We consider it imperative that the District be made to understand this before
we are asked to consider a 401 certification. By separate letter we are
informing the District of what we will require and that, while we will share
what data and expertise we have to the extent possible, MPCA assumes no
responsibility for producing the requisite data and analysis.

We recommend the District be given another opportunity to respond to public
comments on the EIS, this time with the understanding that it must (a) fully
respond to the comments, and (b) accept full responsibility for the generation
and analysis of project data, including that which it arranges to obtain from
state agencies. Failing this, the District shouild be advised that it has this
responsibility from this point forward.

CONCLUSION

In summary, we believe the draft EIS in its present form is inadequate to
perform its intended function under law. This has apparently resulted from
some misunderstandings about the proper roles of environmental review,
permitting, and the various affected parties in the process. We believe that
publishing the final EIS without the data and analysis discussed above would
set a precedent with unfortunate ramifications for the state in the future. We
accordingly recommend inclusion of the data and analysis dicussed above.

Please contact Clifford T. Anderson of MPCA Office of Planning and Review if
further discussion of this matter is desired.

Sincerely,
R
A s I /_{Q
,/iL&vaﬁg&ff  (e

Gerald L. Willet
Commissioner

GLW: pnk
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Roland Gullekson, Chairman
Sand Hil1l Watershed District
Route 2, Box 218 D

Fertile, Minnesota 56540

Dear Mr. Gulliekson:
Re: Sand Hill Watershed District Winger Dam Preposal

The Minnesota Pollution Control Agency (MPCA) has reviewed the draft
Environmental Impact Statement (EIS) and Sand Hill Watershed District's
responses to public comments on the draft EiS, which you submitted in
response to the Minnesota Department of Matural Rescurces' (DNR's) letter to
you of October 28, 1987. ‘

Based on this review, significant environmental concerns and data
deficiencies remain. It is our purpose in writing this letter to clearly
spell out what kinds and tevels of information are required before any
approval process can move forward to completion.

BACKGROUND:

In a meeting with Senator Roger Moe on February 1, 1988, HPCA
representatives informed BDonald Ogaard, foriner President of the Lower Red
River Watershed Management Doard, that the U.S. Envirenmental Protection
Agency (EPA) had recommended dismissal of the preferved project alternative
from further consideration, based on water quality concerns. The MPCA staff
further noted that it had many of the same concerns, and that these concernsg
bore directly on the MPCA's responsibility to certify lte project unaer
Section 401 of the Clean Water Act. This was (and is) on important issue
because EPA has the authority Lo deny permits required for the project even
if the MPCA grants certification. bGased on information now available, the
MPCA cannot dispute the EPA recommendation. This in turn makes it critical
that the issues raised by the MPCA, in its comments on the draft EJS, be
fully addressed by the District. The MPCA statf recommended that the
District work with the varicus affected agencies to resolve concerns, and
stated its willingness to be involved. 1In this meeting. MMr. Ogaard
indicated that MPCA would receive the District's responses Lo its comments
en the draft EIS. We have received the District's responses; however, the
information does not provide adequate data which suppeiis approval of the
proposed action. The MPCA staff has stated that if the Listrict takes no
action on prov1d1ng the 1nfotmatlon, the project would be placed in
Jjeopardy.

Phone: 612: 396-7301

520 Lafayette Road. St. Paul, Minnesota 85165
Regional Offices * Duluth/Brainerd/Detroit Lakes/Marshall/fio-hestor
Equal Opportunity Employer
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GENERAL COMMENTS

We remain concerned about the cueauacy of the E1S. We do not believe the
EIS sets forth the significant environmmental issues recording a project and
-1ts alternatives so that decisions as tu the appropriateness ana feasibility

of a project can be made by the public. We dc not believe a proper
evaluation of the impacts are provided tc quide the permitting processes,
pravide public accduntability in project decision makirg, and enough detail
so that the above goals can be realized.

There is debate whether the response to issues raised is required to be
addressed in the EIS or in the permitting process. The EIS already contains
some of the information needed by a reviewer to analvze the environmnental
effects of this project. However, as several reviewers noted in their
comments on the draft, some major questions remain. Cuvrently, we believe
the EIS does not contain adequate information to allow permits and approvals
to be issued. Therefore, the project cannot be copproved based on current
information.

* The Sand Hi11 River is classified as a 2B, 3B, 4A, 4B, 5, and 6 class water.
This classification indicates the river's designated uses include fishing,
swimming, other recreational uses, industrial consumption, agricultural and
wildlife uses, aesthetic enjoyment, and navigation. A 1579 MPCA stream
assessment of the Sand Hill River near fertile showed the river was
definitely used for recreation and ONR data do show the existence of a
fishery. According to Minnesota Rules Part 7050.0220, Subpart 3, the
project shall not impair the quality of the upstrears or downstream waters or
"in any manner render them unsuitable or objectionable for fishing, fish
culture or recreational uses." The District must demcnstrate that the
project will not cause impairment of beneiicial upstream or dowistream uses.
Information presentiy available indicates that the proposed project could
result in water quality viciations in Lhe reservoir aniu downstream of the
project.

UETAILED COMMENTS

[f the proposed project is to be considered further, the information
outlined below must be submitted o the MPCA. The District is advised
that one or more meetings will be necessary between the MPLA staff and
District representatives to assure understanding of thi< data request. It
should also be understood that before a project can be approved, the data
must demonstrate that project development will not result in vielations of
state standards.

Inipounduient and Watershed Characteristics

1.~ For the purposes of predicting impoundiment water quality subseguent tc
creation of the reservoir, various watershed and anticipeted '
impoundment morphometric characteristics must be arnalyzed. The MPCA
staff has run several models to predict reservoir quality. Attached
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“are the model runs and the interpretations.  The Distirict should review
“the data and conclusions and address the inpects by dPVP]Oleg

alternatives and/or mitigation measures.

The' D1str1ct should estimote the Tength of time necessary for the lake
to veéach a "steady statp” after construction. When constructing new

' ‘rPServoﬁrs, it should be expected that there will te a start-up period

in which” the lake will exh1b1f very low tlaugparpnc1eg from shoreline
erusion and dther’ sources. 1t is reascnable tc estimate this period

based upon water flushing rates and cther hydraulic loading estimates.

This in turn can be used to indicate when varicus inlake monitoring ard
fish stocking measures should be impiemented.

The District should predict water residence Limes for average, and

one-in-ten year low (7Q10) ard high flows.

“Areal and volumetric hypolimnetic oxygjen depietion rates are well

correlated to lake' TP, chlorophv]] -3 and Secchi disk depths. The MPCA
made éstimates as to the nature of the inlake dissclved oxygen profiles
over' tife. These depletion rates along with consideration of lake
morphometric characteristices allow the determinaticr ¢f Lhe nature of
the lake's oxygenated zones. The hypolimnetdic depletion rate along
with a determination of the depth of the thermocliie will ailow

prediction of the'depth to which cxygen will occur. A discharge pipe

p]dced below this ‘Tevel’ will mean discharging anoxic waters from the
reservoir wh1ch may génerate downstream water quaiity violaticns and
other concerns (e.g., fisheries maintenance). The HPCA has provided
these estimates and determinations sco that this iszue can be addressea.
Again, the District should review this data and address the impacts by
developing alternatives and/or mitigation measures.

Potential Downstream Effects

L

Downstream aquatic habitat i1s alsc a cencern. Acucrding tu Minnesota
Pules Part: 7050'O¢10 Subpart 2, no discharge from-peint or nenpoint
sources shall cause aquatic habitat degradation. The dratt EIS rotes
that the river downstream fram the dam will tend te deqrade the charnel

~below the dam-and alter the existing wetlands. The District should

state the steps that'wiil actually be taken to reduce these effects.

Since very hypereutrophic conditions are expected to occur in the
reservoir, water released froum the reserveir may vicicte water quality
standards. The parameter of mest concern 1s dissclved oxygen {(DC). An
acceptable model such as QUAL 1T should be used for analyzing DO

t impacts downstream. The District should aondu<t the analysis using the

’Wo]]ow1ng 1nformat10n

a. Initial w1thdrawal DO values. ‘Assume a value of 0.0 mg/1, unless a
basis for a higher DO value is provided and gustified.
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b. The reaeration factor of the spiliway. This will depend on

design; however, it is a criticel element in determining whether
standards can be met. The basis for selection of fthis tactor
should be provided.

c. The predicted once in 10-year 7-day low fiow (7410) leaving the
reservoir. 1f the project vwill control dewnstream 1lows to the
extent outlined iy the EIS, the exact method «f centrol should be
described in detail. The District shoeuld predict water losses,
especially the evaporation that will occur frow the reserveir, and
estimate the effect this will have on the reservoir and downstream
at 7Q10 flows. :

d. Calculate DO sag at the 7(10, based on expegcted initial stream
values and biochemical oxygen dcmanu \EOD) of the stream after
project implementation,

e. The analysis shoculd consider the additive effects ¢f the dam
discharge on downstreaw point and nonpoint sources, and their
combined effects on DO saygs at the predicted 7G1l0 event.
Discharges from the controlled ponds at or other sources located
at Winger, Fertile anc, if needrd, at Beltrami and Cl1ma> should
be analyzed. :

f. Analysis of downstream effects due tu drawdowns of the reservoir
for maintenance, emergencies, and low-flow conditions.
Specifically, th1s should address the sediment relecases and sluice
effects which may occur if drawdowns are required.

Water Quality Management Considerations

The establishment of management goals 15 one of the firsi steps that shoulc
be taken in the creation of a new iwmpoundment. Tt is uncluar what the
District's goals are for this project. - The fallowing should be considerec:

1.

Ny

Does the District hepe to manage the reservoir for swinmming, other body
contact recreation and a sport fishery? If it ic ‘¢ bLe managed, for
example, as a sport fishery, what does the District intend to do to
maintain it? If aerators will he empleoved to support a sport fishery,
the number, placement, and cost of the aerptors aund their maintenance
plus other management efforis should be provided.

Modeling conducted by MPCA staff predicts hypereutrophic conditions for

the reservoir. See the attached analysis.

Nuisance bloom conditions are likely tu be present about 66% of the
time during the summer, with severe blooms cbout 40% of the time.
These concentrations of algae would nct only make {he reservoir
objectionable for primary contact recreation but could also make it
nbjectionable for noncontact uses, such as fishinc.
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The outlook for transparenc, is even worse duc in part to the algal

~levels, but also the potential for high tnorganic turtiuities from
‘shgreline erosion, etc. The mcaels estimate mean transparency to be

between 0.5 - 1.0 meters. The public will 1ike1y perceive the lake as
either "swinming impaired" or "no swimming. Lake users in Ncrthern
Minnesota have somewhat higher expectatlons regarding water quality and
would associate transparencies in the 1-2 (. rance, with no swimming.

Ve predict that based on the hign chlurophy]l-u cunuentrations and low

transparency that the reservoir would be 111 stited for swimming during
most of the summer. :

Given the relatively high TP values alciig with expected total nitrogen
(TN) concentrations, it is likely that inlake TN:TF ratios will be very
low (i.e., 5-10). This would strongly sugyest that blue-green algae
will dominate the summer phytoplankton. The draft EiS acknowledges the
potential for blooms and notes that watershed managcment practices

:would have to be improved substantially. Therefore, the District

should present a plan to address such improvements and include the
costs of such improvements. For example, what percentage of the
watershed would have to be treated with conservetion practices to

~~achieve average summer secci disks levels exceeding 2 M., total

phesphorus of 50 ug/1 and cverage sumner Chl-a below 30 ug/l? These

are conditions typ1ca1 of lakes in the area of the prugect.

Operat1ona1 PJant,

1.

(B

The operation of the reservoir will be criticel i1 the project is to
have any flood control berefits to the main stem of the Ked River, Ve
understand that a HEC-I wmodel has been run for the project. We request
that the inputs and outputs of the nicdel be prcvided to the WMPCA staff,
along with an analysis of how the resuits of tiese models will affect
operational plaus.

At the request of the MPCA, the draft EIS included information,
evaluation and analysis related to the Section 401 cevtification
requirements of the MPCA. The draft LIS olce ircluded the Sand Hill
River Watershed District's Proposed Qperatien anc Maintengence Plan as
modified and amended hy the downstream resuvurces operation plan and
mitigation requirements oi the draft EJS.

~ The information for the operation and maintenance plen must be bruught

up to date to address water quality related operatiun and maintenance
procedures. These include procedures for manaygement of:

a. Tow-flow conditions, including maintenance cf cdownstream flows.

b. sediment accumuletion at the ocutfall structure, incluaing how
sediment will be reiioved to meintain downstream flows.




Roland Gullekson, Chairman
Page 6

C. drawdowns which will occur due to normal maintenance, emergency
repairs, and during icw-flow conditions. The plans should address
mitigation or avoidance uf sediment releases and uther impacts
which will otherwise occur as a result of these drawdowns.

‘3. The draft EIS also included the Sand Hill River Watershed District's
 proposed general Specifications for Temporary Air and Water Pollution,
Soil Erosion, and Siltation Control Plans, and for Water Control (draft
EIS Appendix E). The Watershed District will alsu need to submit final
plans and specifications to the MPCA for review and approval.

- CONCLUSION

The EPA has recommended dismissal of thebproposed project, and based on the
current information, the state has no evidence te dispute this
recomnendation.

If the project is to be pursued turther, information wust be provided by the
project sponsor and that information must show that the action will not
result in violations of applicable standards.

We recommend that District representatives and consultants meet with us to
discuss this letter and the requirements it contains, and to identify
existing sources of information within the agencies. Please contact Mr.
Curtis Sparks, MPCA Division of Water Quality at (612) 297-1831, if you have
any questions about this letter and to arrange this meeting.

Sincerely,

/{Ju‘.z ¢ U;/‘j zu./)lé’é:(/‘

Gerald L. Willet
Commissioner
Minnesota Pollution Control Agency

COGLW nf

cc: The Honorable Roger Moe, Minnesota State Senator
The Honorable Edgar QOlson, lMinnescta State Representative
Mr. Joseph N. Alexander, Commissioner, Minnescta Department of
Natural Resources
U.S. Environmental Protection Agency, Region V, Chicago, Il1linois




Darrell Wad=na, Jerry Rawley,
Chairman Secretary/Treasurer
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| RESERVATION
Hl T,E ,QR T/\L TRIBAL

4 ' COUNCIL
P.O. Box 418 WHITE EARTH, MINNESOTA 56591
(218) 983-3285

RECE!VED
April 25, 1988

APR 28 1988
Commissioner Alexander COMM’SS!ONER

Minnesota DNR
500 LaFayette Road
St. Paul, MN 55151

Dear Mr. Alexander:

SUBJECT: Winger Dam Project

We have heard that a group is proposing a dam on the Sand
Hill River near Winger.

Would you please send to us either the name and address of
the contact person for the sponsoring group or the project’'s
proposal and the environmental impact assessment.

Sincerely,

:'l ’/CJ/k'\“v
6€?;EEWW1lcox

DW/ps

District Representatives
DISTRICT i DISTRICT U DISTRICT 114

Sharon K. Eld . Steve McArthur Dan Stevens







Schilling Environmental Consultants, Inc.

2785 White Bear Avenue, Suite 210 ¢ Maplewood, MN 55109 e (612) 777-6606 O

May 23, 1988

Mr. Roland Gullekson, Chairman
Sandhill River Watershed District
Route 2, Box 218D

Fertile, Minnesota 56540

RE: Winger Dam Proposal - Additional studies for EIS

Dear Mr. Gullekson:

In response to recent meetings with staff of the Department of Natural
Resources and the Minnesota Pollution Control Agency regarding information
deficiencies in the Draft EIS for the Winger Dam project, I am transmitting
herewith a proposal for consultant services to be undertaken in order to
satisfy the review agencies concerns.

As you'll notice, the work involves field, office and related expenses by
Schilling Environmental Consultants, Inc. and the subcontractor: Wenck
Associates, Inc. The total cost for the entire project is It is
our intent to complete this work by September 1, 1988,

We ook forward to conducting this work for the Sand Hill River Watershed
District and trust that you will look favorably upon this proposal.

Sincerely,

Joel G. Schilling
Principal

Enclosure



THE WINGER DAM PROJECT

Environmental Impact Statement

PROPOSAL FOR STUDIES
IN THE
SAND HILL WATERSHED DISTRICT

Schilli i tal C ltant I

Task 1 Water Quality and Alternative Dam Proposals
16 hrs.

Task 2 Recreational Benefits: Fisheries, Boating & Wildlife
uses

16 hrs.
Task 3 Habitat Compensation Study
a. Wildlife compensation: enhancement/replacement and/or type
(wetland & upland)

b. BReration of reservior and downstream river
c. Reservior operation procedures

32 hrs.
Task 4 Erosion and Sediment Control Study
20 hrs.

Related Expenses: Travel & Offfice expenses.

Subtotal:

Henck Associates. Inc. (See Attachment)

Water Quality Modelling

TOTAL:
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Wenck Associates, Inc.

May 19, 1988

Mr. Joel Schilling

fﬁgﬂ%ﬁggmwm Schilling Environmehtal Consultants
FAX - (612) 476-0504 2785 White Bear Avenue, Suite 210

Maplewood, Minnesota 55109

Re: Sand Hill Watershed District - Proposed Winger Dam
Proposal for Professional Engineering Services

Dear Joel:

As you requested and in accordance with our discussions,
Wenck Associates, Inc. is pleased to present the following
proposal concerning modeling and analysis of water quality
aspects for the proposed Winger Dam. We understand that
the work is to be conducted under your overall direction .
and that you will serve as the client's contact.

The nature and scope of the water quality modeling and
analysis project are indicated by the concerns of the
Minnesota Pollution Control Agency expressed in the
April 8, 1988 letter from G. L. Willet to Mr. Gullekson.

The elements of our proposal are as follows:

1. Field Study - Sampling during a low-flow period at
approximately 10 stations on the Sand Hill River
and significant inflows on two successive days for
the parameters in Table 1. In addition, on
selected stations, 24-hour monitoring of dissolved
oxygen and temperature to investigate biological
rates (see enclosed articles).

2. Hydraulic Analysis = Using measured streamflows
and water depth observations from the field study,
together with previously determined channel
cross-sections, mean velocities and times of flow
will be determined for the low-flow conditions
encountered. The 7Q10 will also be estimated, and
velocities and flow times will be determined for
this condition as well.

3. QUAL-II Modeling and Analysis = The QUAL-II
computer model will be implemented as suggested by
the MPCA. Calibration parameters will be
primarily based on the field study results. Other
information that may be taken into account
includes MPCA modeling studies on neighboring

rivers, and the earlier water quality data.
832 Twelve Oaks Center
15500 Wayzata Bivd.
Wayzata, MN 55391-1418
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Mr. Joel Schilling
Page Two
May 19, 1988

Consulting Engineers

S&Lﬁﬁ%ﬁ%mﬂu Incorporated in this element will be an analysis
of aeration alternatives for the proposed
reservoir and its discharge. A report will be
prepared to document the field work and the
modeling and analysis results, in answer to the
cited MPCA letter

4. Presentation - The report will be presented orally
and with visual aids to the Watershed District at
its convenience.

The estimated expense for the above is as follows:
1. Field study
2. Hydraulic Analysis
3. QUAL-II Modeling and Analysis

4. Presentation
TOTAL

If low=flow conditions exist when notice to proceed is
received, then we anticipate completion of elements 1 - 3
within a three-month period. ’
We will be pleased to answer any questions you or the
client may have on this proposal and the project in general
at any tinme.
Respectfully submitted,
WENCK ASSOCIATES, INC.

C
% 5. &dfmmm%m
John B. Erdmann, P.E.
JBE/msw

Attachment: Table 1

832 Twelve Oaks Center
15500 Wayzata Bivd.
Wayzata, MN 55391-1418




TABLE 1

FIELD STUDY MONITORING PARAMETERS

Streamflow

Dissolved Oxygen
Temperature

PH

Biochemical Oxygen Demand*
Total Suspended Solids
Total Phosphorus
Ortho-phosphorus

Total Kjeldahl Nitrogen
Ammonia Nitrogen
Nitrate Nitrogen
Nitrite Nitrogen
Chlorophyll-a.

*For four selected samples, 2=, 5= and 7-day BOD will be
determined.






STATE OF
NNESOTA
DEPARTMENT OF NATURAL RESOURCES

500 LAFAYETTE ROAD e ST. PAUL, MINNESOTA e 55155-«0

DMR INFORMATION
(612) 296-6157

June 6, 1988

Mr. Dwight Wilcox

White Earth Reservation Tribal Council
P.C. Zox 418

White Earth, N 256291

Dear Mr. Wilcox:

Thank you for your letter requesting information about the proposal for a Class
I, high-hazard dam on the Sand Hill River just south of Winger, Minnesota. The
proposed project is called Sand Hill River Watershed District Project No. 4 -
the Winger Dam, and is being sponsored by the Sand Hill River Watershed
District. The dam itself is proposed to be built at the T.H. 59 crossing of the
Sand Hill River and is designed for downstream flood damage reduction, to
provide a recreational lake, and to facilitate an upgraded T.H. 59 crossing of
the Sand Hill River. -

The Department of Natural Resources (DNR) completed a Draft Environmental Impact
Statement (EIS) in June 1987. A copy of the document is attached. A public
meeting to solicit comments on the Draft EIS was held in Winger last July. The
DNR is now working on the preparation of the Final EIS, which is the document
where the DNR provides responses to the comments submitted on the Draft EIS.

The Final EIS preparation period is lengthy because the DNR is working with the
project sponsors and other state and federal agencies to address some of the
significant concerns raised regarding this project proposal. I am having the
White Earth Reservation Tribal Council added to the 1ist of interested persons
to receive the Final EIS (and other official documents) when it is available.

If you have questions regarding the Watershed District's project proposal, you
should contact either Roland Gullekson, Sand Hill River Watershed District
Chairman, at Route 2, Box 218D, Fertile, Minnesota 56540 (218/945-6299) or
Lawrence Woodbury, Project Engineer at Houston Engineering, Inc., 2505 N.
University Drive, Fargo, North Dakota, 58105 (701/237-5065). Please contact
Thomas Balcom in the DNR Office of Planning at 612/296-4796 if you have any
further questions about the Environmental Review Process.

I hope this information will be of assistance to you. I apologize for the delay
in responding to your letter.

Yourgs tr . 2;:

eply N, Alexander
Commissioner

¢cc: Steve Thorne
Vonny Hagen
Ron Nargang
Roland Gullekson

Lawrence Hoodbxay
: EQUAL OPPORTUNITY EMPLOYER






(W~ state oOF
INNESOTA
L DEPARTMENT OF NATURAL RESOURCES

BOX , 500 LAFAYETTE ROAD e ST. PAUL, MINNESOTA e 55155-40

DMNR INFORMATION

(612) 296-6157

June 23, 1988

Commissioner Gerald L. Willet
Minnesota Pollution Control Agency
520 Lafayette Road

St. Paul, Minnesota 55155

Dear Commissioner Willet:

The purpose of this letter is to respond to your April 8, 1988 letter on
the Proposed Sand Hill Kiver Watershed District Project No. 4 (Winger
Dam) Environmental Impact Statement (EIS). Your letter outlines the
position of the IMinnesota Pollution Control Agency (MPCA) regarding the
sufficiency of the Draft EIS prepared in 1987 by the DNR, the
distinctions between environmental review and regulatory processes
(including the responsibilities of various parties) from the perspective
of the MPCA, and the extent of information for the regulatory processes
that the MPCA feels should be included in the Final EIS.

The Department of Natural Kesources (DNR) acknowledges that the purposes
of an Environmental Impact Statement are to include a detailed
description of a proposed project, serve to promote an understanding of
the environmental impacts of a project proposal, address significant
environmental issues associated with a proposed project, be used as a
guide in permitting processes, and provide for accountability in various
decision-making activities.

In addition, while it is desirable that, to the extent possible, an EIS
include information with the level of detail necessary to comply with
data required for a permit decision, contrary to the implications in
your letter, neither state policy nor rule requires an EIS to include
all of the information for all permits associated with a project. For
example, the DNR rules for construction of new dams provide that the DHNR
determine an applicant has demonstrated the need for a project in terms
of quantifiable benefits (Minn. Rules part €115.0410, subp. 8, item C).
However, irrespective of the extent of information and the exact level
of detail presented in the EIS, such a determination and demonstration
of need is required in connection with a permit application.

As you know, the rules applicable to an EIS provide a mechanism (at the
discretion of the RGU) for information for all permits to be included in
the EIS, for information for some permits to be included in the EIS, or
for the EIS to include simply a T1isting of permits associated with a
proposed project (Minn. Rules part 4410.2100, subp. 6). The particular
approach chosen is to be identified as part of the Scoping Decision
Document. For this EIS, the DNR selected (and identified in the Scoping
Decision Document) the option of jdentifying the required governmental
approvals and the unit of government responsible for each approval.

Akl EMAIIAI ADDADRTIIMITY DLADl AVED
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The Scoping Decision document did not identify any specific permits for
which permit information would be developed currently with the EIS. A
similar approach was used in the MPCA Winona County Resource Recovery
Facility EIS Scoping Decision Document.

The recent [IPCA Tetter also raises issues on the distinction between the
environmental review process and the regulatory processes. The DNR
concurs that these processes are complementary and can not substitute
for each other. In fact, it is the EIS that is to be used as a guide in
the various permitting processes. However, to a certain extent,
particularly with projects such as Class I dam proposals, the permitting
processes do include evaluations of overall project feasibility. For
example, DNR advisory opinions and regulatory decisions on project
proposals for construction of Class I dams involve determinations that
the overall plans of a project sponsor are adequate, feasible, and
practical (Minn. Stat. §112.49 and Minn. Rules parts 6115.0190,
6115.0200, and 6115.0210).

The DNR also concurs that the question of whether issues should be
addressed in an EIS or be postponed until the permitting process is a
judgment call. The Department's position is that the Scoping Decision
Document for this project outlines the study parameters for both
existing and new information so that the Final EIS, when concluded, will
provide sufficient evaluation for reviewers or reviewing agencies to
reach reasonable and valid conclusions regarding the environmental
impacts of a project proposal. The MCPA should keep in mind that the
draft responses submitted by the Sand Hill River Watershed District
represent the position of the project proposer and not necessarily that
of the DNR as the RGU.

Your recent letter also describes deficiencies in the Draft EIS in the
areas of water quality, flood control benefits, recreation benefits, and
mitigation and the benefit/cost ratio. The essential concern for the
Department with your identification of further Draft EIS deficiencies is
one of appropriate timeframes. A reviewing agency has a responsibility
to submit comments on a document during the established review period.

The public review and comment period on the Draft EIS began June 29,
1987 and concluded August 11, 1987. This time period included an
extension of the comment period at the request of the federal agencies
and the MPCA. The very purpose of the public review period is to
solicit comments from interested parties and agencies on the Draft EIS.
Various reviewers identified concerns and deficiencies in the Draft EIS
which require responses from the DNR as part of the Final EIS. Since
the MPCA did submit comments during this public comment period, those
comments were the appropriate mechanism for MPCA to address deficiencies
in the Draft EIS.
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Since that time DNR staff have been involved with the preparation of the
Final EIS including responding to concerns identified during the public
review period and revising certain sections of the Draft EIS as
warranted by the particular concerns outlined for the DNR. The
responses from the Sand Hill River Watershed District referred to in
your letter are the District's position and responses to information
requested by the DNR for the DNR to answer the varijous concerns raised.
The compieted Final EIS will include additional information for many of
those responses necessary to represent the position of the DNR as the
RGU. This approach is consistent with the directive in the EQB Rules
that the Final EIS discuss responsible opposing views related to scoped
issues (Minn. Rules part 4410.2700, subp. 2).

Your letter citing apparent additional deficiencies, however, is
problematic since the Draft EIS review periogd is concluded and the Final
EIS review period has not yet occurred. When the Final EIS is
distributed, another review period will occur. At that time, the MPCA
can and should indicate to the Department its position on the
sufficiency with which the DNR responded to the comments of the MPCA and
the adequacy of the Final EIS. Those comments will bear directly on the
DNR's determination of the adequacy of the Final EIS consistent with the
EQB Rules.

The DNR is particularly concerned with recent requests for additional
information to be included in the Final EIS to respond to Draft EIS
deficiencies when those concerns were aot previously identified.
Comments on these specific requests identified in your letter follow:

Water quality

The Final EIS will include additional discussion and evaluation of
water quality impacts to respond to comments submitted by reviewing
agencies including those of the U.S. Environmental Protection
Agency and the MPCA. The DNR acknowledges the additional reservoir
modeling completed by the MPCA and submitted to the Sand Hill River
Watershed. The DNR will attempt to use that data in the Final EIS
to further predict likely water quality of the proposed reservoir.
The DNR takes issue with the position in your letter that the Draft
EIS did not include an analysis of downstream water quality
impacts. The Draft EIS contained the water quality analysis based
on the DNR water quality sampling program. The purpose of this
analysis was to indicate the impact of the proposed project on the
aquatic environment. The sampling included in-reservoir locations
as well as locations both upstream and downstream of the proposed
reservoir.

It is important to understand the DNR's perspective in the Draft
EIS water quality analysis section as reflected in the Scoping
Decision Document. The DNR is interested in assessing impacts to
natural resources and to determine the extent to which the water
quality of the proposed project would impact natural resources.
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Therefore, the direction of the water quality evaluation was to
determine the relationship between in-reservoir water quality and
fishery resource potential, and to determine the relationship
between water quality and maintenance of minimum flows to protect
downstream resources. in addition, with this perspective in mind,
the Draft EIS discussed the reasons why the water quality analysis
was limited to the water quality impacts of Alternative No. 1 as
none of the other alternatives was suited to supporting even a
Timited sport Fish population.

We note that the MPCA has informed the Sand Hill River Watershed
District of the water quality stream classifications applicable to
the Sand Hill River. We believe the reliance on the relationship
between water quality and stream classifications is overemphasized.
Everything not specifically classified becomes these
classifications. The classifications of the Sand Hill River could
be changed under post-reservoir conditions.

We are encouraged by the MCPA's willingness to participate in
efforts to attempt to resolve water quality issues. Your separate
Tetter to the Sand Hill River Watershed District requests various
analyses to be completed to determine potential downstream effects.
If the Watershed District initiates this additional work, the DNR
may be able to include the results of this analysis in the Final
EIS after review of the evaluations by the MPCA.

Flood control benefits

The Draft EIS already identifies flood control benefits that might
be anticipated to accrue on the Sand Hill River and on the main
stem of the Red River based on projections by the project sponsors.
The Final EIS will include some further documentation, as
identitied by the Watershed District, to substantiate the extent of
flood control benefits attributable to Alternative No. 1.

Recreation benefits

The Draft EIS does not identify specific proposals of the Watershed
District to provide for a fishery resource since providing such
plans was not a component of the proposed project description
information required by the Watershed District for the Draft EIS.
As outlined in the Scoping Decision Document, the EIS evaluated the
type of fishery that might be expected to occur. The DNR's
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analysis of fishery potential presented in the Draft EIS concluded
that a reservoir as proposed by the project sponsors is likely to
be a very eutrophic roughfish reservoir with physical and chemical
characteristics closely related to that of a bullhead type of lake.
Until the information regarding the fishery potential was apparent,
the Tack of a rormal plan for the provision of a particular fishery
resource was adequate. The Final EIS will identify the Watershed
District's commitment to provide both a fishery resource and other
fish management techniques consistent with the limited projections
of a fishery that might be expected if Alternative No. 1 were
constructed. :

The DNR notes the interest of the MPCA that the EIS address
swimability or potential body contact recreation within the
reservoir. However, such an analysis was not identified in the
scoping process as a significant issue to be addressed in the EIS
and therefore the EIS is not deficient without such information.
The Department recommends that the MPCA work with the Sand Hill
River Watershed District to include such modeling and research as
part of the MPCA's permitting processes.

Regarding the relationship between recreational benefits and water
quality, refer to the above comments on water quality for
information on the water quality perspective used in the Draft EIS
and on the water quality analyses to be added to the Final EIS.

Mitigation and the benefit cost ratio

Contrary to the position of the MPCA, a "meaningful benefit/cost
ratio" is neither a necessity for state publicly funded projects
nor required by the Environmental Review Program rules. The Draft
EIS presented the costs and benefits identified by the project
sponsors and outlined the Timitations of the economic information
supplied by the project sponsors. The Final EIS will include

cost projections (which include mitigation costs) for Alternative
No. 1 as submitted by the project sponsors. The Watershed District
is committed to providing adequate wildlife mitigation.

The DNR has agreed that while the exact terms of fish, wildlife and
instream flow mitigation will be determined during the DHR
permitting process, the mitigation requirements and the extent of
losses requiring mitigative measures identified in the Draft EIS
remain unchanged. Further, the final methods to accomplish the
mitigation will be developed and reviewed in cooperation with the
HEP Team. The Final EIS also will include costs of wildlife
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mitigation and aeration system management techniques for

Alternative No. 1, the alternative which would result in the

greatest overall loss of habitat units and the only alternative
minimally suitable to providing a potential fishery resource. The
Draft EIS already included a draft of the Watershed District's
operating procedures for the dam and provided the DNR's

determination of the changes in that plan that are required to
adequately protect instream flow resources and to replicate natural
conditions. Therefore, there is already sufficient information in the
Draft EIS about the impacts associated with operation of a proposed dam
at this Tlocation.

CONCLUSION

The DNR appreciates the MPCA's general comments regarding the
responsibility of the project proposer to provide data, compilation,
modeling, analysis, and other information about specific plans and
commitments regarding a project proposal to assure sufficient analysis
in the EIS and concurs in those comments. This reinforces the position
already expressed on numerous occasions by the DNR to the Watershed
District. We note that your separate letter to the Sand Hill River
Watershed District informs the District of the extent of information you
will require in order to consider 401 certification associated with the
proposed project.

The MPCA contends that the Draft EIS is not adequate in its present
form. The DNR as the RGU is required ultimately to determine the
adequacy of the Final EIS. However, because substantive comments and
concerns were raised by the Draft EIS, that decision will obviously not
occur until after the Final EIS public review period has concluded.
This period between the Draft EIS and -the Final EIS is for the DNR to
respond to concerns raised by the Draft EIS and to revise the Draft EIS
as warranted. This Tetter outlines some of the additional information
which has been generated for the Final EIS. The purpose of the Final
EIS review period is to provide an opportunity for interested parties
(such as the IMPCA) to submit comments on the sufficiency of the
responses to concerns identitied by the Draft EIS.

The DNR intends to include a section in the Final EIS to address ongoing
project coordination. Your letter, this response and other relevant
project information correspondence will be included in this new section
to further document various coordination efforts. Continued cooperation
between the project sponsor and the reviewing and permitting agencies
serves the interests of all parties and reinforces the working
relationships between our two agencies.
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Please contact Thomas Balcom in the DNR Office of Planning if you or
your staff would Tike to further discuss these issues.

Yours truly,

Jogeph N. Alexander
Commissioner

C: Steve Thorne
Yonny Hagen
Ron Nargang
Larry Shannon
Roland Gullekson - Sand Hill River Watershed District
Joel Schilling - Schilling Environmental Consultants






Schilling Environmental Consultants, Inc.

2785 White Bear Avenue, Suite 210 ¢ Maplewood, MN 55109 e (612) 777-6606 O

August 31, 1988

Mr. Roland Gullekson, Chairman
Sandhill River Watershed District
Box 92

Fertile, Minnesota 56540

RE: Water Quality Study of proposed Winger Dam Project

Dear Roland:

Unfortunately, some delays beyond our control will necessitate the final delivery of
our report to September 23, 1988. Additional laboratory analyses for Biochemical
Oxygen Demand requested by the MPCA resulted in a delay of three weeks longer than
we had anticipated in June for data turnaround from the commercial laboratory. We
are confident in being able to meet this schedule. Hopefully, this will have a major
effect on the issuance of the final Environmental Impact Statement by the Department
of Natural Resources. -

Please give me a call if you have any questions regarding this schedule.

Sincerely,

Joel G. Schilling
Principal

cc: Mr. Lawrence Woodbury, P.E., Houston Engineering Co.
Mr. Curt Sparks, P.E., MPCA
Mr. Tom Balcom, MDNR &~
Mr. John Erdmann, P.E., Wenck Associates, Inc.






Sand Hill River Watershed District

DANIEL WILKENS, Secretary
(218) 945-6529
Route 2, Box 218 D

Fertile, Minnesota 56540

Cctober 24, 1988

Commissioner Joseph N. Alexander :
Minnesota Department of Natural Resources
500 Lafayette Road

St. Paul, MN 55155

Dear Commissioner Alexander:

ROLAND GULLEKSON, president
ROGER HANSON, vice president
FRANCIS LAVOI, vice secretary
VERNON LARSON, treasurer

The Sand Hill River Watershed District is pleased to enclose two copies of the

report entitled: "The Winger Dam Project
Studies to the Environmental Impact Statement”

Supplementary Environmental

completed in response to

several issues raised in the Minnesota Pollution Control Agency's letter of April 8,
1988. We believe these additional studies address the concerns raised by both the
Agency as well as others with respect to possible downstream water quality impacts
and the control of watershed nonpoint source pollution relating to this project.

We would reiterate that the District is committed to the completion of this
important flood control project and it is our hope that it may now move ahead in a
more timely manner with the issuance of the Environmental Impact Statement by the
Department. If you or your staff wish to discuss the contents and/or conclusions of
this report, please feel free to contact us at (218) 945-6299.

Sincerely,

0l k) T thillimn,

Roland Gullekson
President

Enclosures

cc: The Honorable Roger Moe, Senate Majority Leader [Exec. Summary]
The Honorable Edgar Olson, State Representative [Exec. Summary]

Commissioner Gerald L. Willet, MPCA

U.S. Environmental Protection Agency, Region V

U.S. Fish & Wildlife Service
U.S. Army Corps of Engineers

East Polk Soil & Water Conservation District



THE WINGER DAM PROJECT

Supplementary Environmental Studies
to the
Environmental Impact Statement

Prepared for:
SAND HILL RIVER WATERSHED DISTRICT

Prepared by:

SCHILLING ENVIRONMENTAL CONSULTANTS, INC.
Maplewood, Minnesota

and

WENCK ASSOCIATES, INC.
Wayzata, Minnesota

OCTOBER 1988
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Jyél G. Schilling
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Iofin B. Erdmann, P.E. Date’ Minn. Reg. No.



EXECUTIVE SUMMARY



EXECUTIVE SUMMARY

The Sand Hill River Watershed District has proposed to construct a dam and reservoir
near the City of Winger, Minnesota, for the purposes of providing flood control, a
recreational lake, and a river crossing for U.S. Highway 59. This report, prepared by
Schilling Environmental Consultants, Inc./Wenck Associates, Inc. under contract with

the District, answers questions raised by the Minnesota Pollution Control Agency and
others regarding possible environmental impacts from the proposed project. The

report is supplementary to a draft Environmental Impact Statement previously prepared.

by the Minnesota Department of Natural Resources.
The key findings from the present study are listed below.

1.  The seven consecutive day, once in ten year low flow (7Q10) at the proposed
Winger Dam site is zero under existing conditions. With the proposed dam,
however, a minimum outflow of 1.7 cubic feet per second would be maintained

from March 25 to June 15, so this flowrate would effectively be the "spring 7Q10".

2.  The proposed Winger Reservoir hydraulic residence time (period of time
necessary for permanent pool filling) based upon average inflow conditions is

about one-half year (0.55 year).

3.  Water quality conditions within the proposed Winger Reservoir would reach
steady state conditions (system maintains a relative equilibrium) in slightly more
than one year (1.2 years). This is based on average inflow conditions and should

be viewed as a minimum estimate.



Significant groundwater discharge occurs throughout the riverine wetlands
downstream from the proposed dam, hence these wetlands do not wholly depend
upon periodic surface flooding for their existence. Therefore, possible riverine
wetland impacts resulting from the project will not be as great as previously

stated.

The proposed reservoir’s water quality will be similar to that of other lakes in

agricultural areas of the western and southern portions of Minnesota.

The suitability of the proposed reservoir for swimming may be limited due to
excessive fertility and consequent algal bloom formétion. Conversely, however,
with a supplemental winter aeration facility the reservoir will be able to support a
very productive warmwater gamefish population. '

Water quality data from the Sand Hill River in June 1988 (this study) were
generally comparable with May-September 1986 data (Department of Natural
Resources survey). Both surveys revealed instantaneous dissolved oxygen

violations within the 10-river-mile reach downstream from the proposed dam site.

The p,eriodic discharge into the Sand Hill River of effluent from the City of
Winger’s wastewater stabilization ponds results in moderate positive and negative
effects on downstream dissolved oxygen. Positive effécts derive from
enhancement of algal growth; negative effects arise from input of oxygen-

demanding materials. ‘

The proposed outlet structure, as designed with a 24-foot free-fall, would result in
adequate aeration of the reservoir outflow even under summer low-flow (worst-

case) conditions.
ES-2
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Based on river water quality modeling with QUAL2E, the p}bposed Winger Dam

would not cause downstream violations of the Class 2B dissolved oxygen standard.

Winter aeration of 25% of the proposed reservoir’s surface area with a subsurface
bubbler system is recommended. Using three diffusers with a total power
requirement of 4.5 horsepower, about one third of the permanent pool volume
would be aerated. A potentially even more energy-efficient and economical

system (buoyant jet) may also be retained for consideration as an alternative.

During the spring period, the minimum reservoir outflow of 1.7 cubic feet per
second can be maintained with adequate dissolved oxygen even under drought
conditions by pumping, if necessary, with the discharge at or above the crest

elevation of the base flow weir.

Protection against downstream impacts during reservoir drawdown from sediment
releases and dissolved oxygen depletion will be accomplished by providing a
riprapped outlet approach area, and by using the subsurface aeration system if

necessary.

Control of agricultural runoff in the proposed reservoir’s watershed will be
accomplished through implementation of éwo cooperative programs between the
Sand Hill River Watershed District and the East Polk Soil & Water Conservation
District. The first program will make use of filter strips, sedimentation basins and
grassed waterways, while the second will involve minimum tillage, crop rotation

and land set-aside efforts.

Wildlife habitat compensation will be accomplished during the project permitting
process and will likely involve the replacement of upland habitat as part of the
ES-3



Conservation Reserve Program (CRP) and filter strip acquisition. Replacement
through acquisition of lost Type 2 wetland habitat will be a long-term goal of the Sand
Hill River Watershed District.

ES-4






Minnesota Poliution Control Agency

December 8, 1988

RECEIVED
Rolland Gullekson, President ) DE(j ) 1988
Sand Hill River Watershed District
poute 2y pox 2180 COMMISSIONER

Fertile, Minnesota 56540
Dear Mr. Gullekson:
Re: Supplementary Environmental Studies to the Environmental Impact Statement

Review of the above document has been completed by MPCA staff. We have the
following comments.

We note in general that, despite the assertion in the executive summary that
the report "...is supplementary to..." the draft environmental impact
statement (EIS), in actuality it addressed points raised in our April 8, 1988,
letter to you (which addressed the project primarily from the perspective of
401 certification), rather than our letter to the Minnesota Department of
Natural Resources (DNR) of the same date, whose concern was primarily the
adequacy of the draft EIS and the integrity of the process. While some
mention of the EIS and impact assessment is included, we find little in this
document which would cause us to rethink our position on the latter issue.
Resolution of this concern must thus await the publication of the final EIS,
which we understand is imminent.

The question before us at this point is whether necessary data has been
submitted to demonstrate that the project is certifiable under section 401 of
the Clean Water Act (CWA) (i.e., addresses the concerns we raised in our
April 8, 1988, letter to you). In this letter, the Minnesota Pollution
Control Agency (MPCA) requested more specific information in order to conduct
a more informed environmental review which would, among other things, perform
its mandated function of guiding the permitting process. MPCA believes the
following issues from the letter are still unresolved:

1. The District must demonstrate the project will not cause impairment of
beneficial uses.

Phone:
520 Lafayette Road, St. Paul, Minnesota 55155
Regional Offices e Duiuth/Brainerd/Detroit Lakes/Marshall/Rochester
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Mr. Rolland Gullekson
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The consultant has addressed water quality standards, specifically
dissolved oxygen (DO), but has not looked at the effect of the flow regime
on downstream aquatic habitat (which is part of the 2B classification) or
recreation (which MPCA documented during a stream assessment in the late
1970s). The draft EIS and supplement agree with MPCA’s assessment of the
limited swimmability in the reservoir due to algae blooms. The
supplement, in defense of the project, alleges that the impoundment would
likely be used despite its condition.

However, when MPCA staff estimated how the lake would be perceived by
recreational users, the estimate was made using data accumulated by
surveys of actual users. MPCA believes that the District analysis of
predicted use should be able to define the particular users they are
trying to attract. If they are trying to provide recreational opportunity
for the small town of Winger, there may be people who would use the
reservoir mostly because it is convenient. However, MPCA’s analysis
indicates that people from outside the local area are likely, for a
variety of reasons, to have fairly high expectations of water quality and
would go elsewvhere to find it.

MPCA still has substantial concern about the quality of the impounded
vater. If the project is built as planned and the lake is of poor
recreational quality, state funding for cleanup may be viewed as a
solution. However, a man-made water body that was built with full
knowledge of the predicted low water quality would have a poor chance to
receive funding.

Ve recommend that the District review MPCA model runs and interpretations
and develop alternatives for mitigation. The District’s consultant has
indicated he had no major problems with the modeling efforts of MPCA
staff. Yet, the problems with excess phosphorus were not addressed except
to acknowledge that swimming in the reservoir is likely to be limited due
to algae blooms. Alternatives were not discussed. The proposed
mitigation activities appear to include the following:

a) pump water over the spillway in the spring to maintain the protected
flow;

b) prevent scour with riprap in the area above the withdrawal structure
and baffles at the outfall;

¢) prevent excessive nonpoint enrichment by implementing conservation
plans,

d) aerate 25 percent of the surface area in winter; and,

e) use the DNR’'s modification of the operation plan.
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Ve remain concerned about the means by which the phosphorus problem will
be addressed. We are not optimistic about the nonpoint pollution control
program suggested in the report. True, this worked well on the Clark Lake
project, but that project included strict requirements for extensive land
treatment upstream of the dam before the Soil Conservation Service (SCS)
would proceed with construction. The Winger Dam project includes no such
requirements to our knowledge.

Data must demonstrate that project development will not result in
violation of water quality standards.

The supplement has addressed the water quality standard of most concern
which is dissolved oxygen (DO). The modeling indicates no violation of DO
(see the attachment to this letter for a discussion of the modeling).
However, there is little analysis of the qualitative standards (i.e.,
nuisance conditions prohibited [Minn. Rules pt. 7050.0210, subp. 2,
1988]).

The District should review MPCA estimates of oxygenated zones and address
impacts.

The District’s consultant estimates five percent of the reservoir volume
would be subject to low oxygen levels. The derivation of this estimate is
not explained in the supplement. According to the consultant, aeration
from the weir would result in a summer DO of 7.3 milligrams per liter
(mg/1l) even if the intake DO was zero (i.e., the intake water was part of
the five percent low oxygen water). (See point 7 for an analysis of this
prediction.)

The District should identify steps that would be taken to reduce
downstream habitat degradation.

Bed erosion and its effect on the aquatic habitat of the stream bed is not
addressed in the supplement, other than to acknowledge that it will take
place. The draft EIS proposes an outlet structure that would slow
velocity to prevent scour.

The District must further verify the QUAL2E model with additional water
quality data.

The consultant used the one-dimensional, steady-state model called QUALZ2E
to simulate water quality conditions in the Sand Hill River near Winger.
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Based on data collected by the consultant during a June 7-9, 1988, stream
survey, the model was calibrated and used to predict the river’s water
quality responses under various assumptions with the proposed dam in
place. These comments pertain to that application of the QUAL2E model.

The QUAL2E model is a well documented and widely accepted water quality
model. However, QUAL2E, like other models, has numerous reaction rates
and coefficients which must be calibrated to site-specific conditions and
then verified with an independent set of water quality data before its
true worth as a predictive tool can be realized. Without proper
verification, model predictions of water quality responses under alrered
conditions are essentially meaningless.

The data used to calibrate the model for the Winger Dam Project were
collected under extremely low flow conditions and at a time when the
Winger municipal wastewater treatment ponds were discharging. It is clear
from the report narrative that these conditions precluded rigorous
calibration of the model’s hydraulic and water quality routines. The
result, in our view, was improper calibration and setup, which resulted in
unreliable results. Therefore, after independent review of the data and
model calibration, MPCA staff concludes that the QUAL2E model, as
currently structured, would require further verification with additional
water quality data before it could be used with confidence to predict
dissolved oxygen responses in the Sand Hill River.

For a more rigorous analysis of the above issue, see the attachment to
this letter.

To improve the application of the QUALZE model and to reduce the present
uncertainties in predicting water quality impacts downstream from the
proposed Winger Dam would require the following:

a) Additional water quality data should be collected for use in model
calibration/verification. A survey should be conducted during summer
dry weather when flows are steady, but measurable, and at a time when
the Winger wastewvater treatment ponds are not discharging.

b) Dye studies to determine accurate time-cf-travel for developing sound
hydraulic relationships for the river reaches downstream from the dam
site should be conducted.

c) Cross-section data collected by the DNR, Division of Waters, for
their hydraulic modeling using HEC-2 should be incorporated into the
study to insure hydraulic consistency in the water quality analysis.

d) The aeration potential expected from the proposed dam under low flow
conditions should be re-evaluated (see attachment).
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How will the management goals be attained?

The following points summarize the methods the District will use to
achieve its goals:
Flood control - plan of operation based on stage at Grand Forks
Fisheries - winter aeration
Recreation - nonpoint controls, public access, recognition of
limitations Highway crossing - maintained by the Minnesota Department
of Transportation
Downstream- modify plan of operatlon

MPCA has questioned most of these methods previously. One particula:
problem is the attainment of flood control with the operation plan
modification. The District originally planned to use the flow gauge at
Grand Forks to regulate the Winger dam. Assuming the District is correct
in believing that a stream the size of the Sandhill River could have a
significant impact on flooding a river the size of the Red River of the
North at a point at least 20 miles downstream, the modification proposed
by the DNR may negate or severely limit any flood control benefits. Since
these benefits were the original justification for the benefit to cost
ratio being greater than 1, perhaps the effect of the modification should
be more closely examined.

In addition, the modification (which MPCA believes would be necessary to
mitigate the effect of altering the flow regime) will require inflow
monitoring, which was not part of the original plan. This is another
maintenance cost that should be part of the benefit/cost ratio if it is
not already.

HEC-I input and output must be made available to staff along with analysis
of how results will affect operational plans.

DNR staff provided MPCA with the hydraulic input and output from the HEC-2
sampling they did on the Sand Hill River several years ago. However, the
District refused to send us data from the Red River. This data relates to
the ability of the proposed dam to perform its designed function, and
should therefore be made public. :

Update operational plan. The District must present procedures for the
following conditions:

a) low-flow

The consultant notes that spring time inflows greater than 2.4 cubic feet
per second (cfs) would be released at 70 percent if the DNR operation plan
modification would be followed. At inflows lower than 2.4 cfs, the
protected flow of 1.7 cfs would be released, even if the District had to
pump over the weir. According to the supplement, this pump would have to
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handle up to 765 gallons per minute. There is no estimate of the cost of
this pump. The capital cost and operation and maintenance should be a
part of the benefit/cost ratio.

In the nonspring times, the outfall would release 30 percent of the inflow
down to 5.7 cfs inflow. At that point the protected flow of 1.7 cfs would
be maintained until inflow was 1.7 cfs or less. In this case, inflow
would equal outflow. Note our earlier point that at nonspring low flows
inflow may exist but the reservoir level may drop below base weir
elevation and require pumping (see attachment).

b) drawdowns

Neither the original or modified operating plans cover the procedure
followed during drawdowns. There is no analysis of critical conditions
during drawdown and what steps the District would take to avoid them.

9. Submit final plans for the general Specifications for Temporary Air and
Water Pollution, Soil Erosion, and Siltation Control Plans, and for WVater
Control (draft EIS Appendix E). These will be necessary for the 401
review process. ‘ ’

It appears, then, that the report has not fully addressed the concerns raised
by MPCA, and more information will be necessary before MPCA can make a
decision on a 401 certification. You may wish to discuss the above in more
detail with MPCA technical staff; if so, please contact William J. Lynott of
the MPCA Office of Planning and Review at (612) 296-7794.

We reiterate in closing that this report did not address the substance of our
environmental review concerns. Therefore, we cannot comment on the responses
to those concerns until we have the opportunity to review the final EIS.

Yours truly,

At U

Gerald L. Willet
Commissioner

GLW:pnk
cc: The Honorable Roger Moe, Minnesota State Senator

The Honorable Edgar Olson, Minnesota State Representative
Joseph N. Alexander, Commissioner, DNR



ATTACHMENT

Following are the more detailed review comments relating to model calibration,
dam aeration, and outfall regulation:

Model Calibration

An accurate simulation of stream hydraulics is necessary for water quality
models which rely on time-, depth-, and velocity-dependent reaction rates to
calculate water quality responses. Unless system hydraulics are reasonably
depicted, the critical reaction rates which control the delicate balance
between various sources and sinks of dissolved oxygen can not accurately be
established during the model calibration process.

To develop hydraulic relationships for use in the model, the consultant used
depth, velocity, and discharge measurements at the U.S. Highway 59 station
that were recorded periodically by Houston Engineering, Inc. in 1987 and 1988
(Table B-2 of report) in addition to his own channel cross-section and stream
discharge measurements obtained during the June 1988 suivey. The channel
cross-section data for the water quality survey were used to segment the model
into typical reach widths and depths. The Houston Engineering data were
analyzed by the consultant to establish depth-discharge and velocity-discharge
relationships for the stream at Highway 59. Of the 14 observations having
concurrent discharge and depth measurements, nine observations were used to
develop the hydraulic relationships (Figure 7 in report). The five unused
observations had depth measurements but indications of only "trace" discharge.
Depths ranging from 1.6 feet to 3.1 feet under "trace" flow conditions
indicate that variable channel or backwater effects occur at this location.
Consequently, the reliability of derived stage-discharge relationships that
were calculated over a relatively short period of record and the general
suitability of this site are questionable.

The consultant subsequently used coefficients and exponents from the
depth-discharge and velocity-discharge relationships (Figure 7) that were
developed for the U.S. Highway 59 site to represent hydraulic relationships
over the entire study reach downstream from the proposed dam site. The large
spatial variability in stream geometry and hydraulics as shown in Table C of
the report indicates that hydraulic relationships developed at the single
upstream station can not be expected to represent hydraulic responses over the
entire study reach. The model predicts that a parcel of water traveling from
near the proposed dam site to Mahnomen County Road 120, a distance of about
8.4 miles, would take about 40 days. However, review of the water quality
data indicates that the actual flow time was more on the order of four days.
Because normal background concentrations for chloride in the stream appear to
be in the 6-7 milligrams per liter (mg/l) range, a peak chloride concentration
at mile 8.4 that averaged 10.5 mg/l on June 8-9, 1988, reflects the dlscharge
of effluent from the Winger wastewater treatment ponds, which began
discharging on June 4, 1988, at an average chloride concentration of 240 mg/1l.



Even though the consultant used reasonable values for most reaction rate
coefficients in the model, in order to simulate the observed water quality
data required selective and perhaps inconsistent use of rate coefficients and
forcing functions. For example, the input value of 30 mg/l carbonaceous
biochemical oxygen demand (CBOD) for incremental inflow concentration is
unusually high and not typical of ground water inflow quality. Also,
recognizing that a portion of the wastewater pond discharge was likely lost to
seepage and evaporation in the mile-long tributary before reaching the Sand
Hill River would have reduced the need for the larger CBOD and algae settling
rates that were used in the model to simulate observed conditions in the river
immediately downstream from the tributary.

Dam Aeration

Under low flow conditions the project report indicates that the proposed dam’s
outlet structure will be designed to withdraw oxygen-depleted water from near
the reservoir bottom and pass it over a weir with free-fall of 24 feet into a
vertical chamber. An outlet conduit at the bottom of the chamber then
transports the flow beneath the earth filled dam for discharge into the
downstream river channel. Provided that the final design ensures that the
vertical chamber is well vented to the atmosphere, substantial aeration of the
oxygen-poor bottom water withdrawn from the reservoir will occur.

The consultant used one of a possible number of empirical equations that have
been developed by water resource researchers to represent the aeration
characteristics of dams. Typically, changes in dissolved oxygen concentration
in a river that are attributable to a dam are mathematically correlated to
physical characteristics of the dam, primarily its height and overflow weir
design. To properly use an empirically derived dam aeration equation for
design purposes, it is important that the proposed facility be of similar
configuration to the facilities for which the empirical relationship was
developed.

The consultant used an empirical equation of questionable applicability to the
proposed Winger Dam. The equation, attributed to studies by Mastropietro of
dams on the Mohawk River in New York, is recommended for calculating aeration
of dams under 15 feet in height and within a water temperature range of 20-25
degrees Celsius. Without additional documentation of its applicability to
this project, use of this equation for a 24-foot high dam introduces
additional uncertainty in predicting expected aeration potential. In
addition, because oxygen transfer to water is slower at lower temperatures,
the use of this equation to predict cold weather aeration potential without
adjusting for temperature probably over-estimates the dissolved oxygen
concentrations under winter conditions as presented in the report. Adjusting
for the temperature influences on aeration could lower winter estimates by
about 35 percent. Applied to the report’s estimate of downstream
concentration at 11.6 mg/l, the temperature correction factor would reduce
this estimate to about 7.1 mg/1.



The report’s predictions of downstream dissolved oxygen concentrations are
also overly optimistic because the calculations did not compensate for
atmospheric pressure which affects the oxygen saturation concentration (C ) in
water. Because C_ decreases about 3.5 percent for each 1,000 feet of
elevation increasé above sea level, a correction factor of 0.958 should have
been applied to correctly estimate C_ at the dam site elevation of 1200 feet.
Therefore the expected downstream concentrations, as predicted in the report,
should be reduced by about 4 percent to compensate for site elevation.

Despite the questionable application of the empirical aeration equation that
wvas used in the project study and the resulting uncertainty in the predicted
downstream concentrations for dissolved oxygen, the base flow weir, with its
free-fall drop of 24 feet, should provide substantial reaeration. A cursory
check of aeration potential by MPCA using several other empirical equations
generally indicated that dissolved oxygen concentrations immediately
downstream from the dam would be maintained above the 5.0 mg/1l standard;
however, a more thorough analysis of weir aeration provided by this type of
weir configuration (given temperature, height and aeration needs) as well as
other aeration alternatives is warranted.

Outfall Regulation -

During summer low flow periods, it is conceivable that the reservoir level
could drop below the base flow weir elevation, resulting in no downstream
discharge. This situation could occur due to evaporative (and possible
seepage) losses even though measurable inflow was occurring at the head of the
reservoir. Because the operating plan requires that outflow equal inflow
under low flow conditions, there may be a need to provide pumping to maintain
downstream flow. The report recognizes the potential need for pumping during
spring to maintain the required 1.7 cfs, but does not acknowledge the
potential for additional summer pumping needs.

In summary, the primary modeling problems at the moment are the calibration of
the QUALZE model and the dam aeration predictions. These and the other items
discussed above should be resolved in meetings with MPCA staff before a 401
application is submitted.






APPENDIX A

April 5, 1988

Subject: Assessment of water quaiity of proposed reservoir at Winger Dam on the
Sand Hill River,

Conducted by: C.B. Wilson and S.A. Heiskdry, Program Development Section,
bDivision of Water Cuality, MPCA

This analysis relates to the proposed development of a reservoir on the Sand
Hill River at the City of Winger in scutheastern Polk County. The reservoir
will be located in thc "water rich" portion of Polk County. This area is near
the transition between the North Central Hardwood Forests (NCHF) ecoreyion and
the Red River Valley (KkkV) ecoreqgion. The NCHF ecoregion is water rich
containing approximately 40% of Minnesota Lakes (Heiskary et al. 1987). The
intended purpose of the reservoir is three fold: 1) provide for flood damage
reduction for downstrear: areas; 2) provide a recveational lake; and 3)
facilitate an upgradecd crossing of the Sand Hill River for T.H. 59 (MDNR Draft
EIS, 1987). This anaiysic will fecus on the potential of this reservoir for
meeting the second purpose, i.e., "recreational uses." More specifically we
will estimate the water quality of the reservoir which would result from damming
this portion of the Send Hill River. The predicted water quality of the
reservoir will be compared and contrasted to typical lakes in this part of the
Stute and will be used to estimate the likelihood that this reservoir could
support swinmable uses. - ’

The assessment of the wuter quality of this reservoir will be done by modelling
"in lake conditions" based upon the morphometry of the reservoir, land use in
the watershed, areal jhosphorus exports and areal runoff values. Stream water
quality date collectea by FDMR in 19€€ will be used as a means to double check
or validate inputs tu the models. Fertinent variables which have been used and
assumptions which were made are noted in Tables 1-3.

Three levels of modelling will be used to gencrate estimates of water quality in
the reserveir. These medels progress from most basic - Reckhow and Chapra
(1983), to a Minnesola ccoregion specific model, and finally to a model designed
for reservoirs - Network (Malker, 1586). Model outputs can be found in the
appendix. The following is a sunmary of results from these models and the
assumptions which were made.

Table 1. MWinger Nam Reservoir morphometric and watershed characteristics.
Cstimated from MONR (1967). Assumes a permanent, recreational pool of
1,217 acres, 6.8 mile fetch, maximum depth of 20 feet at the dam and a
mean depth of approximately 9.1 feet.

Area (A) = 493 h

Mean d«Bth T) 2.8 meter

Fetch = 10.8 Kk

Littoral zone - approximately &65%

llatershed area -

&)  Totdl tor Sand Hil1 River (MDMR, 1987)

"mean v.ioth =~ 8 miles x river length ~ 55 miles"

b)  Project area - assumes < 8 mile width at this point and a length
of 6.2 miles for the reservoir plus about 1.5 miles beyond the
head ot reservoir as estimuted from a county highway and drainage
map. VYieldina an estimated watershed area of approximately 64
miz or 18€ kin?.



Table 2. Estimate of land use in the watershed of the project area for
modelling purposes.

North Centrall Red River! Project? Model3

Hardwood Furests Valley Area Estimates
Forest (%) 16 6 8 8
Cultivated (%) 4 e 34 39
Water & Marsh (%) ¢ 3 33 30
Pasture & Open (V) <1 8 22 2
Developed (%) 3 1 3 1

1. Average land use composition by ecoregion (Fandrei et al. 1988)

2. As estimated hy MDNR, 1987.

3. Estimate based 1. vcoregion land use composition and observed land use in
project area.

Table 3. MWater quality ot Sand Hill River in project area (MDNR, 1987) compared
to typical ecouregion stream water quality (Fandrei et al. 1988).

Cand Hill Morth Central led River
River Hardwood Forest Valley
Total phosphorus(ug/1)
median - 125 100 200
typical range - 100-1¢€0 70-170 120-320
(725 - 75th % tile)
Total suspended
solids (mg/1)
median 5.2 5-16 10-57

Modelling Summary

Level T: Reckhow wnd Chapra, 1983. Using NCHF regional values and waterslied
area of 18,60C ha, A = 490 ha, predictions at the @ 51% confidence
interval: (a) B8 ug/T < [P] < 130 ug/1; with a most Tikely
yearly wmean of 95 ug/1.

(b) Likely mass loaa 2,918 kq low, 7876 kg/y most likely, ad 10, 734
kg/y Wigh.

Level I1: Minnesota Lake Ecoregior, Assessment Procedure (MNLEAP) values for
North Central Hardwood Forests



Using

Predicted TP, average inflow of ~ 158 ug/]
Tw (water residence time) ~ 0.5 years
Regional P Fxport = 0.25 kg/ha/yr
Regionul P Load = 4,240 kq/yr.
Most likely [1PY = 74 ug/)
Chl-a = 35 wg/)
Secchi depth 6.5 7 1.0 m
(See Appendix fur Chl-a distribution)

B. Using values for Nlud kiver Valley
Annual average 1itlow TP = 356
Tw = 1.1 years ,
Regional P export = 0.2 kg/ha/year
Regional P load = 4,400 ko/year
Most 1ikely [TP] = 100 ug/1
Chi-¢ = 56 ug/1
Secchi depth = 0.7 m
(See Appendix for Chl-a distribution)

C. Using Red River Yalley characteristics with-internal load estimate. Same
as above with an wnternal load of about 1800 kg/year.
Most likely [ TP - 128 ug/] _
Chl-a 78 uy,1
Secchi depth = 0.6
See Appendix for distribution of Chlorophyll-a

Level III: Network (Malker, 1985)

Reservoirs:

Reservoirs behave difierently than natural lekes as noted by Canfield and
Bachman (1981) and Walker (1985) uand hence different lake models have been
developed to account vor these differences. Typically, reservoirs have greater
inorganic turbidities which cause differences with phosphorus/nutrient dynamics
and chlorophyll-a Secchi relationships within the waterbody. Therefore,
turbidity values typical of reservoirs, not lakes were used. Natural lake
models employed therefure will ternd to give a better impression of likely water
quality thari will be realized in an artificial lake system. Hence, the need for
the use of reservoir models such as MNetwork.

Accordingly, we ucsed the Network model with "ubserved" water quality variables
obtained from the Level Il analyses for comparative purposes. The lake was

segmented into 2 segients, with each having the same surface areas but otherwise
different morphometry to vefiect the likelihood cf greater depths near the dam.



Table 4. Summary of Metwork Model estimates of reservoir water quality for

Winger Dan.

Segments

Upper Lower
Annual Mean Predicted Inlake [TP}(ug/1) 166 109
Annual Mean Chl-a (ug/1) 54 31
Mean Secchi (m) .4 N3
Jater Residence Time (vears) .66 71
Water Inflow (HM3) 10.3 9.7
Freq. (Chl-a) > 10% 99% 93%
Freq. (Chl-a) > 20% 90% 667
Freq. (Chl-a) > 30% 74% 40%
Freg. (Chl-a) > 40% 57% 244

The modelling results are estimates of "steady-state" conditions and reflect the

best-case analysis of the likely water quality of the reservoir.

Previous

experiences (Walker, 1965) indicate that new reservoirs may need considerable
time to settle down and reach equilibrium. The largest problem perceptible to
resource users will be new erosion, especially if there are several pool
elevation fluctuations, etc. Erosion of unprotected clay/loam shorelines can be
very significant to the nutrient/sediment dynamics of a new reservoir (Wilson,
1979). Very low transparencies may be possible. This will in turn cause light
lTimitation to algal communities (Golterman, 1979) over most of the growing
season and therefore lower chlorophyll-a values than may be predicted from
nutrient availability. However, the nutrient potential is always possible,
especially during ltow flow/drought conditions when severe blue-green algal
blooms is very likely (due to low N:P, light limitations and mineral
turbidities).

Therefore, the Level I «na II analyses have prepared best case analyses which
showed that inlake TP values woula likely be between 70-130 ug/1. Use of Level
ITT models, for reserveir systems using calibrated P export values show that
Tikely inlake values may be expected to be

100-250 ug/1 (Upper Winaer)

70-190 ug/1 (Lower Winger)

Conclusion

Based on these three levels of modelling it appears that a likely inlake
phusphorus concentration will be on the order of 70-130 ug/1 on the optimistic
side with a potentiul for concentrations into the 170-250 ug/1 range. Spatial
variation across the reservoir is likely with the upper end of the reservoir
having higher phosphorus concentrations and possibly worse water quality. These
phosphorus concentraticns would be between the 75th to 90th percentile for lakes
in the Morth Central Hordwood Forests. Data from lakes in Polk and nearby
counties has been appendixed for comparison.



The high phosphorus cuncentrations projected for this reservoir (Level 111 most
Tikely: 109-166 ug/1) would correspond to high chlorophyll-a values with
averages ranging from chout 30-30 ug/1. A level of 20 ug/1 would he perceived
as a nuisance bloom, while levels yreater than about 30 ug/1 would be perceived
as a severe nuisance (Heiskary and Vlalker, in press). Based on a predicted
phesphorus cencentration of 109 ug/1 (Level T11, near dam segment) the predicted
frequencies of chlorophyll-a are oS follows:

Chl-a > 10 ug/t 93%

Chl-a > 20 uyg/l 66%

(hl-a > 30 ug/1 40%

Chl-a > 40 uy/1 24%

It should be netea that these frequencies reflect mid Take collections
(conditions) and near shore or bay etffects could be significantly greater.

This implies that nuisence bloum conditions would be present about 66% of the
time during the summer; with severe bloums about 40% of the time. These levels
would not only make the veservuir cbhjectionable for primary contact recreation
but could also niake it objectionable for non-contact uses such as fishing.

The outlook for trancparency i< even worse due in part to the algal levels but
alsu the potential for high inorganic turbidities from shoreline erosion, etc.
A1l models estimatle mean transparency to be between 0.5 - 1.0 meters based on
predicted phosphorus and chlorophyli-a values. Transparencies between 0.5 - 1.0
meters would be perceived as either "swimming impaired" or "no swimming" by most
lake users in Mimmesota (Heiskary ana Walker, in press). Lake users in Northern
Minnesota have somewhat higher expectations regarding water quality and often

o

associate transparencies in the 1-2 meter rarnge with no swimming.

Thus, using an optimistic phosphorus concentration (109 ug/1) we would predict
that based on the high chlorophyll-a cuncentrations and low transparency that
the reservoir would Le 111 suited for swinmirng during most of the surmer. It
also has the potentic! for very severe algal blooms throughout most of the
sutimier which could Timii any use of the reservoir,

Under stratified conditions in the near dam seqgnent it is likely that severely
reduced oxygen concentrations will occur in the meta and hypolimnion. A range
of phospharus. and chlurophyll-a concentrations were tested and results indicated
that oxygen concentrations could drop below 5 mg/1 (minimum desirable for game
fish survival) in about six days and anoxic conditions could occur within 16
days. Hypolimnetic cdischarge of these waters could lead to water quelity
impacts downstream. ’

Considering the abundance of lakes in a 50 mile radius from the site of this
project and the relatively good quality of these lakes (Appendix) it seems
unlikely that the project reservoir would be deemed a desirable water hody for
recreation or shoreline development. For example, Union Lake, less that 10
mniles from the project site, exhibits an averaye transparency > 2 meters and
Maple Lake, also nearbly, has a phosphorus concentration on the order of 39 ug/l
(Appendix). ‘

Thus, based on this assessment we would conclude that the project reservoir
would not be well suited for primary contact recreation and may not be well
suited tor noncontact recreation due to very low transparency levels, high algal
levels and frequent alogal blooms. Alsoc, hypolimnnetic discharge of these waters
could Tead to water quality impacts downstream.
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COUNTY

BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BECKER
BELTRAMI
BELTRAMI
BELTRAMI
BELTRAMI
BELTRAMI
BELTRAMI
BELTRAMI
BELTRAMI
BELTRAMI
BELTRAMI
BELTRAMI
BELTRAMI
CLEARWATER
CLEARWATER
CLEARWATER
CLEARWATER
HUBBARD
HUBBARD
HUBBARD
HUBBARD
HUBBARD
HUBBARD
HUBBARD
HUBBARD
HUBBARD
HUBBARD
HUBBARD
HUBBARD

LAKEID

03—-0085
03-0127
03—-98576
83~0304
03-0030
03-0381-01
03—-0387
23-2134
03—-0029
23-0153
03-2136
@3-0575
83-0506
23-0189
23-0163
@3—-eSae
83—-0475
83-0602
23-2580
03-0273
23-08359
05-0102
03-0382
03-0647
03-0107
03-0657
23—-0017
04—-2038
24-0130
04—0069
04—-0030
04-0230
04—-0166
04-2076
04—-0122
04—0011
04—-0124
04-0137
04-0079
15-0019
15-0057
15—-0068
15-0005
29-0048
29-2151-01
29-2151-05
29-0151-02
29-0151-04
29-0185
29-9083
29-0312
29-0015
29-0061
29-0188
29-0074

LAKE

BAD MEDICINE
BASS

BIG CORMORANT
BIG SUGAR BUSH
BOOT 2 MI NW OF TW
DETROIT (MAIN BAY)
FLOYD

GREEN WATER

HUNGRY MEN 2 MI E
ISLAND

JUGGLER

LEIF

LITTLE CORMORANT
LITTLE TOAD

LIZZIE

MAUD

MELISSA

MIDDLE CORMORANT
NORTH TWIN

PERCH B8 MI E OF D
SALLIE

SHELL

ST. CLAIR

STINKING

TOAD

TURTLE 4 MI NE OF
TWO INLETS
ANDRUSTA

BEMIDJI

BLACKDUCK

CASS

DEER

JULIA

LONG

MEDICINE

MOOSE

SANDY

WHITEFISH

WOLF
ELK S Ml S OF LAK

11 MI

LONG 5 MI NW OF L
LONG LOST

SQUAW 3 MI Sw OF
BENEDICT

BIG MANTRAP (EAST B
BIG MANTRAP (HOME B
BIG MANTRAP (MIDDLE
BIG MANTRAP (WEST A
BIG SAND

BLADDER -

CEDAR 3 ML EOF T
CRYSTAL

GARFIELD

GILMORE

INDIAN

TROPHIC STATUS OF MINNESOTA LAKES:

Loc

N OF PONSFORD

1 MI N OF SNELLMAN

i MI N OF CORMORANT

4 MI SE OF WHITE EARTH

O INLETS

AT DETROIT LAKES

2 MI N OF DETROIT LKES

5 MI NW OF PONSFORD

OF TWO INLETS

7 MI NW OF SNELLMAN
12 MI N OF PONSFORD

1 MI W OF LAKE CENTER
1 MI N OF LAKE CENTER
12 MI E OF DETROIT LK
9 MI NW OF EVERGREEN

AT LAKE EUNICE

AT SHOREHAM

2 MI NW OF CORMORANT
6 Ml E OF ROCHERT
ETROIT LAKES

AT SHOREHAM

4 MI NW OF SNEL_LMAN

1 MI W OF DETROITLAKES
4 MI NW OF LAKE PARK
3 MI W OF SNELLMAN
ROLLAG

9 MI NW PARK RAPIDS

4 MI NW OF CASS LAKE
T BEMIDJI

1 MI W OF BLACKDUCK

AT CASS LAKE

& M] SW OF PUPCSKY

2 M] SE OF PUPOSKY

19 MI NE OF BEMIDJI

5 MI NW OF TENSTRIKE
4 MI N OF PENNINGTON
6 MI NW OF TENSTRIKE
7 MI NW OF TENSTRIKE

8 MI SE OF BEMIDJI

E ITASCA

AKE ITASCA

9 MI S OF ZERKEL

LAKE ITASCA

AT BENEDICT

ASIN)

AY)

BASIN)8 MI N DORSET

RM)

5 MI NE OF PARK RAPIDS

8 MI S OF NEVIS

WO INLEZTS

4 MI SE OF AKgleY
AT LAPORTE

5 MI NW OF NEVIS

3 Ml W OF AKELEY

AREA DMAX
782 80
135 48

3380 50
472 42
401 100

2000 g2

1234 26

71 50
91 21

1160 43
365 78
519 .
G24 34
345 65

29 .
540 30

1855 43
377 39
139 28

49 37

1267 58

3140 16
149 7
370 8

1586 29
184 7
578 60

1519 60

6420 76

2742 28

29775 115
262 42
450 43
395 83
446 44
568 71
269 30
330 98

1051 55
271 87
145 80
390 53
151 80
449 91
759 68

80 53
700 35
200 59

1640 135

217 .
98 26
81 .

980 30
91 54
49 36

ME

MOEMIMTMMAMIIIZTTIMMMOIMIIIITIIMMILIMAMMMIMIZIIMIEIMIITIIMITIIMIMI

1978-1987

TP NP

26
38
19

12
29
21

“
i

27
31
15
97
98
43

72
202

39
48
59

24
30
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20
29
44
31
10
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70
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47
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36
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57
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55
50
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S2
70
65
58
66
81
54
42
53
56
46
64
44
47
48
37
50
43
53
41
58
47
36
37
43
42
43
37
43
40
38
45
45
32
42
42
40

NLF
NLF
CHF
CHF
NLF
CHF
CHF
NLF
NLF
NLF
NLF
CHF
CHF
NLF
CHF
CHF
CHF
CHF
CHF
NLF
CHF
CHF
CHF
CHF
NLE
CHF
CHF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF
NLF



TROPHIC STATUS OF MINNESOTA LAKES: 1978-1987

COUNTY LAKEID LAKE LoC AREA DMAX ME TP NP SD NS CHLA NC TSIP TSIS TSIC TSI RTSI REGION
HUBBARD 29-0075 KABEKONA 4 MI S OF LAPORTE 2252 133 M . 3.2 8 2 . 43 . 43 70 NLF
HUBBARD 29-0001 KETTLE 7 MI SE OF NEVIS 41 27 E g 1 . (] 2 36 . . 36 93 NLF
HUBBARD 29-0161 LONG 2 MI E PARK RAPIDS 1974 135 M . @ 3.6 33 2] . 42 . 42 786 NLF
HUBBARD 29-002@ LOON 4 MI SE OF NEVIS 112 . E 0 2.0 7 %] 59 . 50 39 NLF
HUBBARD 29-0180 LOWER BOTTLE 8 MI NE PARK RAPIDS 660 110 E 0 4.0 10 % 490 . 40 82 NLF
HUBBARD 29-0066 MIDGE 8 MI SE OF BEMIDJI 588 20 M ® 1.9 57 %] 51 .81 36 NLF
HUBBARD 29-0247 MORAN 4 MI S OF PARK RAPIDS 95 15 E . 3.1 8 7] . 44 . 44 68 NLF
HUBBARD 29-0003 NAGEL 8 MI SE OF NEVIS 69 65 E 28 1 . 4 . 9 52 . . 52 31 NLF
HUBBARD 29-0157 NORTH TWIN 4 MI NE OF MENAHGA 225 12 E 61 10 2.2 '3 14 4 63 49 57 56 15 NLF
HUBBARD 29-0250 PORTAGE 4.5 MI NW OF PARK RAPIDS 412 15 M . ©01.2 27 . 0 . 57 .57 11 NLF
HUBBARD 29-0023 ROBINSON 3 MI S OF AKELEY 46 . E 16 1t . e 4 44 . . 44 67 NLF
HUBBARD 29-96085 SECOND CROW WING 8 MI S NEVIS i2 181 & . ©01.8 7 0 . 52 . 52 34 NLF
HUBSARD 29-02239 SPEARHEAD 6 MI SW OF BEMIDJI 188 80 M 8 4.2 46 a 39 .39 85 NLF
HUBBARD 29-8117-02 SPIDER (EAST BAY) 2 MI N OF NEVIS 120 66 M . © 4.4 25 ] . 39 . 38 86 NLF
HUBBARD 29-90022 STEEL 4 MI SE OF AKELEY §5 77 £ 12 1 . (4 (<] 40 . . 40 82 NLF
HUBBARD 29-0077 THIRD CROW WING 6 MI S OF NEVIS 646 25 M . 91,7 42 (4 . g2 .82 30  NLF
HUBBARD 29-2148 UPPER BOTTLE S MI NE PARK RAPIDS 485 55 E . @ 4.0 10 o . 49 . 42 82 NLF
HUBBARD 29-0981 WOLF 7 MI S OF NEVIS 261 1 £ 23 1 . 4 . © 49 . . 48 42 NLF
MAHNOMEN 44-2038 ISLAND 7 M1 S OF LENGBY 611 43 M 57 11.2 13 17 1 63 57 58 59 52 CHF
POLK 60-0305 MAPLE 1 MI S OF MENTCR 1445 . B 3 7 1.0 17 . 9 57 62 . 59 66 RRV
POLK 60-0069 SAND HILL 5 MI w OF LENGBY 598 .M . 0 1.3 n .0 . 56 . 56 61 CHF
POLK 60-0032 TURTLE 4 MI NE OF FOSSTON 545 13 M 78 1 2.7 1 5 1 67 45 47 53 69 CHF
POLK 60-0217 UNION 7 MI SE OF MENTOR 734 83 M . 9 2.6 585 . @ . 46 . 46 88 CHF

LEGEND FOR LAKE WATER QUALITY ASSESSMENT DATA

LAKEID= MDNR identification number
LOC= location from nearest town
AREA= surface areqg acres
DMAX= maximum depth feet
ME= monitored or evalucted
TP= mean total phosphorus ug/l}
NP= number of TP measurements
SD= mean secchi disk meters
NS= number of SD megsurements
CHLA= mean chlorophyli-a ug/! )
NC= number of chlorophyili—c meagsurements
TSIP= Carlson’s trophic state index bosed on TP
TSIS= Carlison’'s trophic stote index based on SD
TSIC= Carlson's trophic state index based on CHLA
TSi= average of all index values
RTSI= percentile ronking of TSI vaolue based on ail lakes in ecoregion;
whereby first percentile corresponds to the highest 7SI for that ecoregion
REGION= ecoregion Northern Lokes and Forests— NLF
North Central Hardwood Forests— CHF
Western Corn Belt Plains— WCP
Northern Glaciated Plains— NGP




Leve ) T [/n,(/m.u,, .(/(//.,‘7 ”O

RESULTS
UsER: WILSOM  LArE: WINGER Din
LOCATION: FOLY LOUNTY LURRENT BETETINE: 3/19/83

REFORT TITLE: WINGLR DAN
THE ARCAL WATER LOADING =  4.4%5913 4our

TCTiL FHISPHORUS MASS LOADIRG:
Lo Wikighy = 10733 kg/vr
MRl = 7E75.080 holyr
IoWitoed = 2915 badyr

EMAUAL AREAL FHOSPHORUS Lﬁhﬂl":
Lo Lihigh) = 2190612 gfmi-vr,
20 Liel) = L60734T qfnti-yr

YoLllow) = JE9SRI0Z aimtiovr,

LatE PHOSFHORYS CONCENTRATION
L. Fibigh) = By na/1

0 Fimt) = 4"'”7E 07 mall
0 Ptlewt = 3UEGLLE-02 mofl

STRIKE ANY KEY T LONTINGE

RESULTS CONTIHUED

Y3ER: WILSON  LfkE: WINGEF DA )
LOTATIGH: FOLK COUNTY CURRENT DATE/TINE: 3/19/88
WINGER DAH

FREDICTICN UNMCERTAINTY RESULTS
1. positive model error = 3.281777E-0¢ mall

2. neeative model error = Z.414251E-97 mo/)

3. positive loading error = (L7195 mofd

4. negative locading error = Z.776345E-07 mg/l

3, tctzl positive uncertainty = 3,54 ‘r~07 mg/1
6. total negative uncertainty = 1.6 mgfl

LONFIDENCE LIMITS RESULTS

FROB[ S.814563E-07 mgft o= P = {09204 mg/l) = 5075408



Leve) 7= ( WNEAR, s trom

/7/,477 =g
71473
WHAT 15 THE HCAN DEPTH (H)? 2.8
HHAT 1S THE OBSERVED MEAN LAKE TP (ug/1)? 100
WHAT 1S THE OBSERYED MEAN CHL-A (ug/1)? 35
HHAT 1S THE DRSERVED MEAN SECCHI {m)? .5
WHAT 1S THE ATHOSPHERIC EXFORT (.1/.3/.b5 KG/HA/YERR)? .3

R

INPUT DATA:

LAKE HAME WINGER DAN

LAKE AREA = (ha) 493
HATERSHED AREA = (ha) 114000
HEAN DEPTH (m) = 2.8
OBSERVED HEAN TP (ug/1) Lo0
OBSERYED HEAN CHL-A (ug/1) 33
DBSERVED HEAN SECCHI {a) .5

RESULTS:

THE AVERAGE INFLOW TP (UG/L) = 123.872h _

TOTAL STREANFLOW IN HM3 = 84.02099 HYDRAULIC KESIDENCE TIME = .1642923 YEARS
BACK-CALCULATED P EXPORT (VOLLENWEIDER,76) KG/KN2/YR= 10.35745

REGIONAL FLOW HEAN CALC NET P EXPORT (KG/KM2/YR) = 9.129737

FREDICTED tp MASS LOAD TO LAKE (BASED UFON REG FLOW TF) 104007.7 KG/YEAR
PREDICTED TP MASS TO LAKE(VOLLENWEIDER 76)= 11307.72 ¥G/YEAR

DIFFERENCE 1N P SUFFLY {NG/H2/YR)= 283.7394

OBSERVED TP (UG/L) = 100

DBSERVED CHL-A (UG/L)= 35

OBSERVED SECCHI DEPTH (M)= .5
FREQ CHL-A ¥ 10 ppb = 97.20597 X
FREN CHL-A 3 20 ppb = 75.71505 1
FREQ CHL-A > 30 ppb = 49.33884 1
FREQ CHL-A > 60 ppb = 10,9134 1

PREDICTED 1P (CANFIELD/BACHHAN) IN UG/L = 79.74793
PREDICTED CHL-A IN UG/L 37.51043 !
PREDICTED SECCHI DEFTH (M) = 8867514
FREDICTED FREQ CHL-A » 10 ppb = 98.31779 1
FREQ CHL-A > 20 ppb = B81.84893

EREN TWl _A N 74 -cn = £ nnsae




PG AL

LAKE NAKE °
Break in 3 \
0 b |
WINGER DAN

ECOREGION NUNBER 1=NLF.2=£HF,3=NCP,4=NGP(EEEE§:E:E:)
WHAT 1S THE WATERSHED AREA 1N HA? 114000

WHAT 15 THE LAFE AREA (HA)? 493

WHAT 15 THE MEAM DEFTH (H)? 2.8

WHAT 15 THE DBSERVED MEAN LAFE TP (ug/1)? 100

WHAT 15 THE DESERVED MEAN CHL-A (ug/1)? 50

WHAT 15 THE OBSERVED MEAN SECCHT (n)? .5

HHAT 1S THE ATHOSFHERIC EXPORT (.1/.3/.6 KG/HA/(EAR}{\.Q ' Ne

\——’/

INFUT DATA:

LAKE NAME = WINGER DAM

LAKE AREA = (ha) 493
PATERSHED AREA = (ha) 114000
HEAN DEFTH (m) = 2.8
OBSERVED MEAN TP (ug/1) 100
OBSERVED MEAM CHL-A (ua/1) S0
OBSERVED MEAN SECCHI (a) .9

1 "

RESULTS:

THE AVERAGE INFLOW TP {UG/L) = 331,1884

TOTAL STREANFLOW IN HM3 = 84.02079 NYDRAULIC RESIDENCE TIHE = . 1642923 YEARS
BACK-CALCULATED P EXFORT (VOLLENWEIDER,76) KG/KM2/YR= 10,35/85

REGIONAL FLOW MEAN CALC NET P EXPORT (KG/KN2/VYR) = 24.40947

FREDICTED tp MASS LOAD 10 LAFE (BASED UPON KEG FLOW TP} 27876.8 KG/YEAR
PREDICTED TP HASS TO LAKE{YOLLENWEIDER 78)= 11807.72 KG/YEKK

DIFFERENCE IN F SUFPLY (MG/M2/YR)=-3249.304

OBSERVED TF (UG/L) = 100
DBSERVED CHL-A (UG/L)= S0
OBSERVED SECTHI DEPTH (M)= .3

FRED CHL-A > 10 ppb = 99.44051 1
FREQ CHL-A > 20 ppb = 90.49722 1
FKED CHL-A > 30 ppb = 72.962 %

FRED CHL-A > 50 ppb = 27.22605 %
FREDICTED TF (CANFIELD/BACHMAN) TN UG/L 177.2855
FREDICTED CHL-A 1N UG/L 126.8424
FREDICTED SECCHI DEFTH (M) = 4455704
FREDICTED FREQ CHL-A > 10 ppb = 99.799845 )

"

FRED CHL-A > 20 ppb = 99.8427 ¥
FRED CHL-A > 30 ppb = 98.75521 7
FREQ CHL-A 7 60 ppb = B4.81216 ¥

LAKE NAME ?

Y ¢ 6 a0 el Ao



Jeve) TV~ (s, t668e, 1955

DUTFUT FORMAT: 3 DFTION: 2
CASE: WINGERZ

GRDSS WATER BALANCE:

DRAINAGE AREA ---- FLOW (HHZ/YR) ---- RUNGFF

ID T LOCATION KHZ MEGN  YARIENCE oy WivE
o1 tributary no. 000 OO0 O0DE+00 oo L0
2 2 TOTAL SHED 170,000 10,850 309E+0] L1482 R

FRECIPITATION 4,900 20895 JZTIEHOD D00 550

EXTERNAL INFLOW 850,000 10,860 309E+0L 162 013

f44TOTAL INFLOY 854,900 13,955 3388401 (1ls 0l

GAUGED DUTFLOW 000 LO00 D0DEOD 00 000

ADVECTIVE QUTFLOW 354,900 9,868 473E+0L 22 Nyl

$43T0TAL OQUTFLCH 854,900 7.664 A472E+0L 20 NSt

VEIEVAPORATION 000 COATE O LLISEROL L i 000

$445T10RAGE THCUREASE 000 L0000 DODEEDD 00D L)

(H

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS
COMPONENT: TOTAL F

----- LOADING ---- -~- VARIANCE --- CONC  EXFORT
10 T LOCATION KG/YR 6Ly KG/YRBIZ O U(LY N MB/ND O KG/KMZ
t 1 tributary no. | 0 L0 L000E 0D D 0 0
2 2 TOTAL SHED §328.0  9A.% LIFE#O7 99,7 0% 490,56 313
FRECIPITATION 196.0 3.8 L9&0E+04 % TS 51 T B D A 111
EXTERMAL INFLOW 5378.0 95,5 LLI9ERO7 99,2 (P05 4706 5.3
§ISTOTAL ITWFLOW SRZA.00 10000 J120B+07 1000 19F 0 407.5 b.%
GAUGED GUTFLOW L0 L0 LO00E HOD 0000 NI Nt
ADVECTIVE OUTFLOMW 1098.2 19,2 JL14E+086 9.5 319 109.3 1.2
FESTOTAL OUTFLOW 1058.2  17.2 .L14E+04 7.9 L3 109.3 1.2
§34STORAGE INCREASE ' 0 L0 JO00E+00 A L000 0. 0
SYINET RETEMTION 4455.8 80,8 907E+06 75,7 ZLD M N
HYDRAULIC  ----mmmmmmmee TOTAL P == ===
OVERFLOW RESIDEMCE FOOL RESIDENCE  TURNOVER RETENTIOM
RATE TIHE CONC  TIME RATLO LOEF
H/YR YRS MG/N3 YRS - -
1.98 1.1638 37,6 L2805 3.5444 L7589
Hy
GROS5 MASS BALANCE BASED UFON ESTIMATED CONCENTRATIONS
COMPONENT: TOTAL N
----- LOADING ---- --- VARIANCE --- CONC  EYFORY
ID T LOCATION EG/YR A(1) KG/YRIE2  %(1) C¥  NG/M3 KG/KMZ
{1 tributary no. 1 0 0 LO00E+GD A0 N A
2 2 TOTAL SHED 41860.0  89.5 L714E+08 92,7 .07 38S4.5  248.7

R R EEEEEESEE———————————mE———————.




EXTERRAL INFLOW
§35TOTAL INFLOW
GAUGED DUTFLOW
ADVECTIVE OUTFLOW
$E4TOTAL DUTFLOW
1445TORAGE INCREASE
THINET RETENTION

1058.2
0
4445.8

6.
100,

S LHERT
0 J120E407

0 JO00E +00

19,
19,

7 JLLAE+04
2 JL14E+04

A J000E+00

0.

8 .907E+06

9.2
1060.9

L20]
198
00
IV
19
000

213

L)

HYDRAULLC
OVERFLOW RESIDENCE
RRTE TIHE
M/YR YRS
.98 L1618
R

FOOL RESIDENCE TURNOVER RETENTION

CONC
HG/N3

T €
Ai e

- T0TAL F ===

TIHE  FATIO
RS -
7805 3,556

COEF

J15ay

GROS5 MASS BALANCE BASED UFON ESTIMATED CONCENTRATIONS

COMPONENT: TOTAL M
ID 7 LOCATION

ributary no. |
OTAL SHED

(S I
ry -
— o~

----- LOAD

KG/ YR

.
LW
U

TONC
HG/M3

EYFORT
KG/ENZ

FRECIFITATION
EXTERNAL INFLOW
$HETOTAL INFLOMW
GAUGED QUTFLOW
ADVECTIYE GUTFLOW
143TOTAL OUTFLOM
$995TORRRE IMCRERSE
$EINET RETENTION

§900,0
413480.0
4¢760,0

NG ---- --- VARTANCE ---
MUY KG/RYEZ UL
A L0ODERGD N
89.5% L71de0d 917
16,5 L 600E+DT 1.3
87.% ,714Ee03d 97,2
100,0 L 774E+08 1000
L0 D0OGE 0D N
LT V208Er0E 79,
30,7 V226E+08 0 29,1
L0 O00E 00 i)
63,5 LSIGE0E 8.3

188
L
S
S0

et

WIDRAULIC  ---==mmm=mmee TOTAL N ----mmomoem--
OVERFLOW RESIDENCE FOOL RESIDENCE TURNODVER RETENTIGN
RATE TIME COHC  TINE RATIO CCEF
M/ YR RS MG/H3 YRS - -
1.98  1.1638 1743.0 201 2.3804 L8370
H»
CH
CASE: WINGER?
SELECT QUTPUT FORMAT(S)
INFUT GROUF 2 - FRINT OPTIONS
I LIST INPUTS ! VES
2 HYDRAULIES AMD DISPERSION { YES
3 GROSS WATER AND MASS BALANCES 2 ESTIMATED CONMCS
4 DETAILED BALANCES BY SEOMENT 7 ESTIMATED CONCS
5 SUMMARTIE BALANCES EY SEGHENT 0 NO
& COMPARE OBS AND PREDICTED CONCS 1 ALL SEGMENTS
7 DIAGHOSTICS L ALL SEGHENTS
8 PROFILES t ESTIMATED CONCENTRATIONS
7 FLOTS 2 GEOMETRIC 5CALE
10 SENSITIVITY ANALYSIS 2 T6TAL PHOSPHORUS

77 EDIT CASE TITLE

88 DEFINE OUTPUT SEGMENTS

" 99 LIST ALL FORMATS



DUTPUT 7O SCREEN <O DR DISK <13 ?

OUTPUT FORMAT:
CASE: BINGER2

7 GPTIOW:

!

OBSERVED AND PREDICTED DIAGNOSTIC VARIABLES
FANKED AGAINST CE MODEL DEVELOFHENT DATA SET

SEGMENT: 1 UFFER

VARTABLE
TOTAL P HG/H3
TOTAL N MG/W3

C.NUTRIENT MG/H3
CHL-A Mo/M3
SECECHI il
ORGANIC W Ma/W3
TP-ORTHO-P NG/H3
ANTILOG PC-}
ANTILOG PC-2

(N - 150) 7 F
INORGARIC N / F
TURBIDITY L
IMIE 8 TURBIDITY
INIX / SECCHI
CHL-A § SECCHI
CHL-A 7 TOTAL F
FREQ(CHL-ax10} ¥
FREQ{CHL-2320) %
FREG(CHL-a230) %
FREQ(CHL-2:49) ¥
CARLSON TSI-F
CARLSOR TSI-CHLA
CARLSON TSI-5EC

WINGER

----- YALUES -----

--= RAHES %) ----

OBSERVED ESTIMATED OBSERVED ESTIMATED

(oo I
n -

)

e
= oad

o)
B S R & L B IR B u I S B SN T s

a
4
wn

oo
-
—

SEGMENT: 2 LOWER

=== RANES (%) ----

VARTABLE
TOTAL P NG/M3
TOTAL N MG/H3

C HUTRIENT HG/M3
CHL-A HG /M3
SECCHI i
ORGANIC N MG/M3
TP-GRTHO-F MG/M3
HOD-V  MG/M3-DaY
HOD-YV  MG/H3-DAY
ANTILOG PC-1
ANTILOG PC-2
(N -150) 7 F
INORGANIC N / P
TURBIDITY /M
INLX § TURBIDITY
INIY 7 SECCHI
CHL-A § SECCHI
CHL-A / TOTAL P
FREQ(CHL-a>10) 1
 FRER{CHL-3320) 3

Qo
<
LA e e O 0T

-
ird e
d -

D e B B B o I
= en O~
P,

e

~d J

Tl e e D
S O L G IRV

-~ wn 2=
= =

~i
[
d QI

120,99 165,74 d4.6
1500,00  1954,04 73,
g2.07 1135 83.1
40,00 54,36 97.0
L3 .47 NI
120000 1471,63 96.6
00 116,36 .0
1734.95  2940.76 93.5
10,14 10.90 40,4
11.25 10.88 2.2
00 7.77 N
1.09 1.00 71,4
1.89 1.80 23,5
3,40 25 ST
20,00 23,04 82.%
3 L33 79.8
97.29 99.22 D
79.09 90,37 0
56,13 74.18 0
37.82 (87,33 R
73.19 77.84 i
bh.7% 69.840 0
69.99 72.37 0
WINGER
----- YALUES -----
UBSERVED ESTINATED ODBSERYED ESTIMATED
75.00 (109,280 49,1
LE00.00 1532.01 73.6
62,40 79.27 75.7
35,00 .19 98.9
.70 .5 28.4
L00 743.47 0
00 75,12 ]
] 285,39 iy
Ry 218.17 0
1862.27  1322.76 93,9
15.28 a.97 75.0
18,00 12,65 53.3
N 17.23 0
1,00 1.00 7.4
2,80 2.80 44,0
4,00 4,798 38.1
38.50 17.53 77.0
73 .29 3.1
99.26 93.64 0
90,43 63.80 X




FREQ(CHL-a310) 1 99.26 .0 .0 .
FREDICHL-a}20) % 90.89 .0 .0
FREB(CHL-a330) % 7479 | 40.23 0 .0
FREQ(CHL-a40) % 58.08 | 23.8% .0 0
CARLSON T51-P 4641 .0 .0
CARLSON TSI-CHLA  69.91 0 0
CARLSON TSE-5EC 85.14 0 0
(o
SEGHENT: 3 AREA-KTD HEAN

----- VALUES =---- --- FANKS (%) ----
VERIABLE OBSERVED ESTINATED UBSEFVED ESTIMATED
TOTEL P MG/MR 97.50  137.51 79.5 a1.9

IR
TOTAL N MG/HZ  1300.00  1743.02 b
C.NUTRIENT MG/H3 1.1 73,31 8t.1 87.0
42 2

CHL-A NG/M3 47,50 J7 98.1 7.4
SECCHI H .60 49 22.0 5.1
ORGANIC N MG/M3 120000 1207.5% 96.6 98.7
TP-ORTHO-P MG/H3 09 75,74 M 34.9
HOD-Y  HG/M3-DAY 0 785,39 N 74,1
MOD-V  MG/N3-DAY A0 218,17 i) 35.0
ANTILOG FC-t 167160 203944 92.9 74.7
ANTILOG PC-2 13.28 10,23 1.4 at.i
(N - L50) / F 13,85 11,59 38,2 28.7
INGRGANIC R / F L0 12.82 0 17.9
TURBIDITY 1/ .00 100 7.4 7.4
INIX ¢ TURBLDITY 2,30 2.30 4.3 .3
INIX / SECCHI 3.83 4,87 5.4 49.5
CHL-A § SECCHI 28,50 21.08 52.7 84,7
CHL-A / TOTAL F .45 ] 77.4 75.6
FREG(CHL-a10) ¥ 78.62 77.90 X 0
FREQ(CHL-a>20) ¥ 85.11 2,07 R 0
FREQ{CHL-a»30) ¥ ab. 69 61,39 0 .
FRED(CHL-a40) 1 48.63 41,99 0 il
CARLSON TSI-P 70.19 75.15 N NiE
CARLSON TSI-CHLA 49.47 67.4% 0 )
CARLSON T51-S€C £7.34 70,19 N Nil

QUTPUT TD SCREEN <O OR DISK <1 7

OQUTPUT FORMAT: 7 OFTION: 2
CASE: WINGERZ

CONFIDENCE LIMITS FOR DBSERVED{G) AND ESTINATEDME) YALUES ( 1.0 57D ERRORS )

TOTAL P MG/R3
85,5 60,8 81.2 10RO 145.0 1939 259.1

SEGMENT HEAN#-=---~- $ommmo fomomee pommm e pmmmmem PO ¢
1 UPFER WINGER 12000 e Q-mmmmmmm e
I UPFER WINGER 7% 22— Fommmmmm
2 LOWER WINGER 75, 0 mmmmmmmmmman P
2 LOMWER WINGER 1093 memmmeeeeees fommmmmmemmmeme
3 AREA-WTD MEAN 97.5  mmmmmmmmmmmeee- R
3 AREA-WTD MEAN 1375 emmemmeeeee Eommmmmmemmee




QUTPUT FORMAT: 9 OPTION: 2

CASE: WINGEKZ

CONFIDENCE LIMITS FOR OBSERVED(D) AND ESTIMATED(E) VALUES { 1.9 5TD ERRORS )

SEGHENT
I UPPER WINGER
| UPFER WINGER

2 LOWER WINGER
2 LOWER WINGER

3 AREA-WTD MEAN
3 AREA-WTD MEAN

SEGMENT
I UFPFER WIMGER
| UFFER WINGER

LOWER WINGER
LOMER WINGER

r3 R

RREA-WTD MEAN
AREA-HTD MeiN

d G4

(HY

SEGMENT
1 UFPER WIMGER
1 UPPER WINGER

~J

LOKER WINGER
LOWER WINGER

~J

AREA-WTD MEAN
AREA-WTD HEAN

d 4

H

TOTAL P HG/M3
5.5 608 81,2 1085 14501 1939 259.1
HEAN#=----~- D pommmme- I pemmmmes e t
120,0 T e - mmmm
U 7% A f-mmmmmmnee

THTAL N HG/MS
4:3.2 1025.9 1273.7 15929 1584.9 24734 G0QL.i
+

1500, fhmmmrmm e fe-mmmmrm e
1954.0

LS00, mmmmmmmmmm e o LT R
1932,0 =m=mmmmmmmmmmooone Erormmmm e

LS00, - mmmm e I e LT B
1743.0

CHL-A MG /M3 ’
15,6 20,7 303 423 s 9270 147
MEAME------- e $ommmm- $ommmo - +
40,0 memmmmmmeeoo- [ommmmmmmmm e mm
1 7 1 e




LIl n

S T T I I N R S

SEGHENT HEAN #-=-=--- $ommeeee $omemnes boemeees brmmanes pommmae '
1 UPPER WINGER V5 e 0---msmmmmemeomeees
L UPPER WINGER e Ermmmmmmeeee
2 LONER WINGER J e Qrmmmmmmmmmneees
7 LOWER WINGER N frmmmmmmne e
T AREA-WTD HEAN b memmemememeeeo 0-mmmmmmmmme e
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