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COMMENT 9I: Submitted by Mr. Paul Stolen. 

The Watershed District needs to respond to the questions 
posed by Mr. Stolen regarding precipitation estimates. 
This response should document the source of the 
tation figures used in the HEC-1 analysis, and indicate 
the precipitation in inches for each event noted in 
Draft EIS Table 1-2, Table 1-3, and Table 1-4. 

Response: 

The source of precipitation data in question was the 
u .s. Weather Service Technical Paper Nos. 40, and 49 and 
Hydrometeorlogical Report No. 48. The requested data is 
given below: 

Peak Change 
Reservoir in 

Precipi- Design Design Water Water 
tat ion Inf low Outflow Elevations Level 

Flood Event (inches) (cfs) (cfs) (M.S.L.) (ft. ) 

2 Yr. , 24 Hr. 2.27 269 114 1190.9 0119 
5 Yr. , 24 Hr. 3.00 487 274 1191.6 1. 6 
10 Yr. , 24 Hr. 3.49 735 394 1192.0 2.0 
25 Yr. , 24 Hr. 3.77 1004 554 1192.5 2.5 
50 Yr. , 24 Hr. 4.19 1241 700 1193.0 3.0 
100 Yr. , 24 Hr. 4.82 1656 954 1193.7 3.7 
2 Yr. , 10 Day 4. 00 239 136 1191. 0 1. 0 
5 Yr. , 10 Day 5.15 465 320 1191. 7 1. 7 
10 Yr. , 10 Day 6.20 783 519 1192.4 2.4 
25 Yr. , 10 Day 7.20 1194 798 1193.0 3.0 
50 Yr. , 10 Day 8.00 1510 1014 1193.8 3.8 
100 Yr. , 10 Day 8.88 1873 ·1261 1194.4 4.4 

COMMENT 9K: Submitted by Mr. Paul Stolen. 

The Watershed District needs to respond to this comment 
by providing answers to the specific questions posed by 
Mre Stolen regardinq the physical appearance of the 
reservoir proposed by the District. 

Response: 

The reservoir will function to reduce downstream impacts 
of flood events, as well as heavy rain storms, by stabi­
lizing runoff inflows. This will result in a relatively 
short term "bounce" in the reservoir water levels as 
shown in the response to comment 9I. The degree of 
"bounce" will depend on the magnitude of the runoff 
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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. Cla~ type soils 
predominate in the areas of reservoir shoreline with 
prevailing weather conditions and land management prac­
tices influencing shoreline conditions. 

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

The Watershed District needs to respond to this comment 
by quantifying 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 
of 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. 

I 

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: 

Flood 
Year 

1969 

1979 

Red River 
Main Stem 
Location 

"8-Day Window" 
Peak 

Flood Flow 
(cfs) 

Grand Forks, 53,500 
ND 

Emerson, 54,700 
Manitoba 

Grand Forks, 82,000 
ND 

Emerson, 92,700 
Manitoba 

"8-Day Window" 
Flow 

Reduction 
(cfs} 

250 

225 

300 

275 

"8-Day Window" 
Volume 

Reduction 
(Acre-Feet) 

3,100 

3,900 

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 lOC: 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 Averaae Annual Area Flooded by Reach 

Average Annual 
Area Flooded 

(acres) 

Reach Description 
Without With 
Project Project 

Reduction 
in Average 
Area Flooded 

(acres) 

2. 

3. 

4 . 

Sand Hill River from the Red 
River of the North to the 
upstream end of the existing 
Corps of Engineers project 

Sand Hill River from the 
upstream end of the existing 
Corps of Engineers project 
to Fertile, Minnesota 

From Fertile, Minnesota to 
SHRWD Project No. 1 (Bear 
Park Dam) 

From Project No. 1 (Bear 
Park Dam) to a location at 
the midpoint between 
Project No. 1 and the 
proposed Winger Dam 

1080 

130 

438 

139 

640 440 

72 58 

192 246 

46 93 

I 
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Reach Description 

5. Sand Hill River from the 
midpoint between Project 
No. 1 and the Winger Dam 
site to the proposed Winger 
Dam 

1-5 Sand Hill River from the 
Red River of the North to 
the proposed Winger Dam 

Average Annual 
Area Flooded 

(acres) 
Without With 
Project Project 

131 61 

1918 1011 

Reduction 
in Average 
Area Flooded 

(acres) 

70 

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 19861 and presented below: 
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of ~~a tura 1 
1988 

Resources 

.Area Flooded 

Tot.al Weioht.ed 
In1ma9e ( 1986) 

Tot.al Weiohted 
Dam~9e (2011) 

A.9ri cultural 
Growtn 
25 Years 

Avera9e Annual 
Acri cultural 
Gro1t1th 1 ii 

Total 

Area Flooded 

'!otal wei9ht.ec 
Dama9e (1986) 

!ct.al wei9nt.ed 
Dama9e (2011) 

A9ricultural 
GrO'-'t.h 
25 'lea:-s 

Avera9e Annual 
Acri cultural 
Gro,,..:.n ( l) 

Total. 

':a!:>le No. 6 

Averaoe Annual Aer1=ult.ura: Damaoes anc Bene::~s 

Darnaoes 

1918 acres 

560 x 1918 .. 5115,080 

:.25 x 115,080 • 
514.3,850 

143,850 - 115,080 a 

s 2c:,no 

.515859 x 28770 • 
5 H,84.5 

115,080 • 14,84.5 .. 
Sl29,925 

1011 acres 

S60 x 1011 • S60,660 

1.25 x 60,660 • 
S75,825 

75,825 - 60,660 • 
SlS,165 

• 515859 x 15,165 s 

s ';', 625 

60,660 • '7,825 .. 
S6S,485 

bene:its 

9Ci acres 

S60 x 90i • S54,420 

1.25 x 54,420. 
S68,025 

68,025 - SC,420 • 
Sl3,605 

.515859 x 13,605 .. 
s 7,020 

54,420 • '7,020 • 
S6:,440 

7able No. i 

Averaoe Annual Other Acricultura} Damaoes anc &ene:its 

!Alone Sane Hill ~iver) 

Darnaoes 

1918 acres 

S20 x 1918 e S38,360 

:.25 x n,360 • 
s.:7,950 

47,950 - 3c,360 • 
s 9,590 

.5l5859 x 9,590 . 
s 4,950 

38,360 • {,950 . 
SC3,310 

1011 acres , 907 acres 

S20 x 1011 • S2C,220 S20 x 907 a SlS,140 

:.2s x 20,220 • ::..25 x 18,140 • 
t 525,275 s::.,675 

25,275 - 20,220 • 22,675 - 18,140 • 
S 5,CSS s 4,535 

.515e59 x 5, css . .slse59 x C535 .. 
s :.. 610 s :,340 

20,220 . 2,610 .. 18,140 . :..340 . 
522,830 S2C,480 

(l)Tne annual eguivalent :actor is C.515859, as derived in :able No. t. 
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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 damaqes 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 

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

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

= $8,295 

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

COMMENT lOE: 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 an9 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 Engine$ting's areas of expertise and 
was not a basis in this determination. However, the 
Minnesota ONR should have a suff ioient data base on 
fishery resources to address fishery issues. 

COMMENT lOGt Submitted by Mr. Wm. L. Goetz; U.S. Army Corps 
of Engineers. 

The USCE al~o notes an inconsistency in the last 
paragr~ph on Draft EIS Page 3~50 which the Watershed 
District needa to clarify and documenti According to 
the Draft ~Is, while quantifiable amounts of protected 
landa along the led River is not available; the 
Watershed Oistriet's Economic Analysis (Sand Hill ~iver 
Wat~r~hed Di~trict Preliminary Enginee~s Report ~ 
Eaonomie Analysis) has quantified benetits to agri­
cultural lands. Obviously if benefit~ have been 
quantified then it is erroneous to state ~hat a quan~ 
tifiable amount of prot•ct$d lanaa-is unavailable. This 
comment can oe responded to by either quantifying the 
amount of proteeted lands which have been assigned 
benafits, or oy not assigning benefits to agricultural 
land$, if in fact those benefits cannot be quantified. 
As the comment indicates, if the quantifiable effects 
are dependent on oth§r aotivities, then thoae activities 
also neea to be described and discussed. 

Response~ 

Section tt,c.1. cf the Preli~inaty Engineer•s Report 
Eoonomie Analy$iS dated October 16, 1986, addresses this 
is~ue. Protected land area was determined for the Sana 
Hill River downstream from the proposed WingQr Dam to 
the Red River of the Ncrth utilizing the HEC-I hydrology 
computer model. fhe o.s. Army Corps of Engineers Sand 
Hill River Flood Control P~oject land benefit values 
w~r~ then applied to the 907 identified acres of pto­
teoted lanc'is. Urban daM,ages end methodology for deter­
mining benefits were taken air~ctly from a 1904 Corps of 
Engin~ers Seetioh 205 stuay for a potential dam ~nd lake 
at th~ project location. 

The Mccombs-Knutson Study done for the.LRRWMB, and dated 
1984, ~as 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 b~en reduced potentially by about 300 cfs and by 
about 275 afs at Emerson while remo~ing about 3100 acre­
feet of floodwater from the "8-day window 0 at Emerson. 
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Applyinq 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 
valu.e. was cal;culat~d. Area of protected land for .the 
Red Rivet Mad.nstern was nbt quantified in calculating 
mainstem ben§f.its·~ 

COMMJ::NT lOH: · Submitted by Mr. Wm. L. Goetz, .u.s. Army ·corps· 
of Engineers. 

The Watershed District;needs to respond to this comment 
reg'arding' ttl"~e· .ext:~nt of·, . and the proposed plans to 
affecit· two ·farmsteads. wtthin. the flood po:ol of the 
rese!rvoi r> prop:os.:ed~ .by the~ project sponsors. The 
respcmse·: shoultl .identify the acreage .6f the farmsteads 
and how' these.·: .. ;properties are proposed to 'be~ affeicted. · 
The· Distr!·:ct •'s re·sponse also· needs to. 1 include similar 
infodnc:i.tio~ on; the 'extent and nature of, U1e impact to 
the f ar.ms~tea@s,: :under' each of the ai ternatives. 

,/ :·., 
~, 

Re sponfr;,: } , : '.\ : f, '. ;', ,' . . ' . .. . .. . . . 
Both ·p.ffec:-te1td · :f.arms.teads ~.,~e. situated between· the per .... 
mane~n~L !antb',teraBor;ary:',..p'b0l ed~e:vations .:(:Yf 't·fue pr9~0.S~·d 
rep~rvolrl;' ':ptd,~·~Ct~: and '\vi+l ·',be .impacted bf the flue~: .. 
tu?tt11~· :f1bQdb· pob1,•·-. The Benbo· farmstead has· 7+ act.es 

:~:andf·1.the Mort'.e:t)§on:' ~·~artns:tead:: has 5+ acres within 
. the. f io6a pool •. : ·Other· 'than' Alternate~:; No. 1, only 
Alternate No. 4 ~ill iffi~act are~ farmste~ds~ 
Specifically, the Mortenson farmstead will be impacted( 
in the same manner as under Alternate No. 1. It is the 
intention of the.LrBoard to pil.tchase' these two farmsteads, 
r~m6ve _ ~11 bu:i~diogs. and se.cur1e the si.tes f:or inu:ndait'.ibn 
by ~he ·reservoir. f,lo.od poo,1.. · i: · 

1 • 

' t i 

COMMEWr· llA: . Submitted by Mr. Clifford T. Anderso'n, 
Minnesota; p·()~,1mtion .Control Agency. "· ,, 

The Mihhes~_ta. ;f>ol,lu t:ion Control Agency (MP.CA) .raises '-a 
con9ern w~ith the:' detail and specific,ity of the,: co!hs.truc­
.t L9n pla:ns·.:" and sp:ec if Lea t'ions .. · 'The wa,.tershed District 

. heeds _ta·;~; r:esp.'on'd .to J:h.,is. ,comment:· by' ·providing Jtro.re.·1 ' 

·aetailed.'information on propos'ed constructi:o;n)plaF11s·1 
including construction deadlines and/or dates of comple­
t i·on ory tifue :'periods +n whic,h y'onstru:cti·on:·, t·asks'..· are: to 
bE?· comple,te·d .; ·One pos'.s ible ·way::Jto'- :t:espond:<t·o ·this, :cbm~ 
me'nt coul:d be :tio•: es:tablish a be1ginning: d·a.tcec· bas'e .. a. 1onf a' 
re·.9-lis.tic :ass,esstn~nt~> o~ c.ompletion: ofc. pro~G):sed·. ;proj;ec,t' 

·. p 1 an~· and s.pe~(i>i fi ca t:i ons. or" ,·ori acrquti.s i:t1·i on· 1of , d:~·.qb. Lted 
.. 'aI)prova.' .. l.'$, :an:d:. th"e:rr.;·:to establish:: the~~r:COO'Sitt:ilcti'OO" S'Che­
d ul:e .bas e<;l. :b'n . .' :'that b:e:q i>nn i ng 'date .• 
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Response: 

Final design and construction plans and specifications 
for the proposed Winger Darn project have not been 
completed. It is not desirable for construction plans 
and specifications to precede the EIS. This is because 
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. 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 Specif icatiohs 
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 
Surf ace 

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) 

Esti~ated Timetable 
February, 1988 
March, 1988 
March, 1988 
June, 1988 
June, 1988 
June, 1988 
August, 1988 
August, 1988 
August, 1988 
October, 1988 
October, 1988 
November, 1988 
December, 1988 
December, 19 8 8 

December, 1988 ~ 

March, 1989 

April - Nov., 1989 
I 

April - Nov., 1989 

December, 1989 
M~y - June, 1990 

July - Sept., 1990 
Oct. - Dec., 1990 

March - April, 1990 
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COMMENT llD: 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.O. levels within the reservoir will be dependent on 
highly complicated interrelationships between physical, 
chemical, and biological processes. Using a qualitative 
approach, it can be anticipated that D.O. concentrations 
would be highest near that lake surface and gradually 
decrease with depth. D.O. 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. In 
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
moclihe 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. Consider~tion of an aera­
tion system to be incorporated in the proposed project 
operations can then be made to address the stratif ica­
tion potential and maintenance of adequat~ dissolved 
oxygen levels. Please refer to page 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 ~1evel 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 qualitative 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. 
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COMMENT llG: 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, acquisition 
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 requirement 
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. In addition, the 6,800 acre-feet 
represents the remaining available storage between the 
minimum reservoir elevation required to maintain an ade­
quate 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 
re9arding the potential for serious impacts on the water 
quality of both the Sand Hill ~iver 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 provid~ the greatest 
assistance. 

Response: 

The effects of water release from the proposed project 
on dissolved oxygen (D.O.), temperature, aquatic weed 
growth, algae blooms and other effects on the Sand Hill 
and Red Rivers can only be addressed in a qualitative 
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/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. 

Aquatic 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 required. 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, 90, 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 



De0art;nent :)f '~atl1ral Resourc'2s 
January 5 , 198 8 
Paqe 28 

construction contract award date in the late fall of 
198&~ 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 ~s provided in the February 21, 1985 Preliminary 
Data 'and Cost Estimate •. For exa:rnple, 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 m6st 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 acqurate 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 llG; 

-Cost of capping and abandonment of septic systems 
(see discussion accompanying Comment llG); 

-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 

Item 

A. Relocations: 

1. County State Aid 
Highway No. 1 

2. County State Aid 
Highway No. 8 

3. County Road No. 204 

4 . Sletten Twp. Road 
(Sec. 20/21) 

Continqencies 

Total Relocations 

B. Reservoir: 

Remove Bridge 

Twp. Roads 
(Fish Habitat 
Structures) 

Clearing -
Woodland 

Clearing - Wetland 

Clearing 

Recreational Enhancement 

Contingencies 

Unit 

1. s. 

l.s. 

1. s. 

l.s. 

ea. 

ea. 

ac. 

ac. 

ac. 

l.s. 

Quantity 
Unit 
Cost 

1 $400,000 

1 330,000 

1 100,000 

1 18,000 

2 5,000 

2 -.o-

105 1,000 

325 300 

1,900 10 

50,000 

Total Esti­
mated Costs 

$400,000 

330,000 

100,000 

18,000 

85,000 

$933,000 

$ 10,000 

-0-

105,000 

97,500 

19,000 

50,000 

31,500 

$313,000 
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Item 

C. Trunk Highw~y No. 59: 

Mobilization 
Maint. & Restoration of Haul 

Roads 
Clearing 
Grubbing 
:Remove Pipe Culverts 
Remove Concre~e Pavement 
Salvage Pipe Culverts 
Excavation 
Aggregate Shouldering 
Bituminous Material for 

Mixture 
Binder Course Mixture 
Base· Course Mixture 
Shoultjer Mixture 
Temporary Lane Marking 
Bituminous Material for 

Mixture' 
Wearing Course Mixture 
Bit. Materi~l for Tack Coat 
Remove Old Bridge 
Traffic Barriers & Detour 

Signs 
Twisted End Treatment 
36" C.S. Pipe Culvert 
18" R.C. Pipe Culvert 
36" C.S. Pipe Aprons 
18" R.C. Pipe Aprons 
18" c.s. Safety Apron 
Random Riprap Class II 
Geotextile Fabric 
Roadside Seeding 
Seed Mixture Special 
Sodding 
Mulch Material Type I 
Disc Anchoring 
Comm. Fertilizer Anal. 6-24-24 
Hay or Straw Bales 
Contingencies 

Total Trunk Highway No. 59 

Unit 

1. s. 

1. s. 
ac. 
ac. 
l.f. 
s.y. 
l.f. 
c.y. 
ton 

ton 
ton 
ton 
ton 

Rd. Sta. 

ton 
ton 
gal. 
l.s. 

l.f. 
ea. 
Lf. 
1. f. 
ea. 
ea. 
ea. 
c.y. 
s.y. 
ac. 
lb. 
s.y. 
ton 
ac. 
ton 
ea. 

Quantity 

1 

1 
1 
1 

60 
16,111 

301 
158, 94.6 

9,236 

603 
1,595 
9,475 
1,748 
- 363 

96 
1,595 
2,513 

1 

3,200 
64 

162 
48 

2 
2 
1 ' 
5 

14 
26 

1,040 
I 

22,774 
52 
26 

5 
50 

Unit 
Cost 

$30,000.00 

30,000.00 
1,000.00 

500.00 
s.. 0 0 
2-. 5·0 

10.00 
1. 50 
4.50 

200.00 
9.00 
9.00 
9.00 

50.00 

200.00 
9.00 
1.10 

10,000.00 

3.50 
200.00 

50.00 
17.10 

250.00 
85.00 

250.00 
50.00 
20.00 
50.00 
0.85 
1 •. 50 

95.00 
27.50 

220.00 
10.00 

Total Esti­
mated Costs 

$ 30,000 

30,000 
1,000 

500 
300 

40,280 
3,010 

238,420 
41,560 

120,600 
14,355 
85,275 
15,730 
18,150 

19,200 
14,355 

2,765 
10,000 

11,200 
12,800 

8,100 
820 
500 
170 
250 
250 
280 

1,300 
885 

34,160 
4,940 

715 
1,100 

500 
76,120 

$839,590 
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Item 

D. Dam: 

1. Mobilization 

2. Earthwork Items: 

Water Control 
Excavation 
Slurry Cut-Off 
Embankment 
Drain Fill 

Total Earthwork Items: 

3 • Principal Spillway 
Components: 

Structural Concrete 
Reinforcing Steel 
Structural Steel 
Copper Water Stop 
4 8" Dia. RCP 
4 ' x 4 I Gate 

w/Appurtenances 
22' x 6' Roller Gate 

w/Appurtenances 
Piling 
Access Appurtenances 

Total Principal Spillway 

4 . Emergency Spillway 
Components: 

Enkamat 7020 
Sheet Piling 
Sod 

Unit Quantity 

1. s. 1 

1. s. 1 
c.y. 139,624 
s.f. 80,000 
c.y. 441,582 
c.y. 40,212 

c.y. 925 
lb. 168,100 
lb. 24,700 
ft. 532 
ft. 70 

ea. 1 

ea. 2 
l.s. 1 
l.s. 1 

Components: 

s.y. 2,367 
s.f. 1,560 
s.y. 2,367 

Total Emergency Spillway Components: 

5 . Riprap c.y. 5,600 

6 • Fencing 1. f. 1,500 

7 • Seeding 1. s. 1 

Contingencies 

Total Dam 

Unit Total Es ti-
Cost mated Costs 

30,000.00 $ 30,000 

35,00Q.OO 35,0QO 
3.00 41,8 I 8 7 0 
2.00 160,000 
1. 70 750,690 
6.00 241,270 

$1,605,830 

225.00 208,125 
0.45 75,645 
1. 25 30,875 

15.00 7,980 
110.00 7,700 

30,000.00 30,ClOO 

60,000.00 120,000 
15,000.00 15,000 

5,000.00 5,000 

$500,325 

10.00 23,670 
15.00 23,400 

1. '5 0 3,550 

$ 50,620 

45.00 252,000 

15.00 22,500 

10,000.00 10,000 

321,8·15 

$2,793,090 
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Item 

E. Summary: 

Re locat i,ons 
Reservoir 
Trunk Highway No. 59 
Darn 

Unit 

Totai~~onstruction 

Ut i 1 i ty .. Re 19.~?l t ion 
Soil Te~ti~g- ~nd Soil Engineering 
Aerial Mapping 
Engineering - Design and Inspection 
Legal and Administrative 

Quantity 

Right-of-Way (Includes Conformance to Minnesota­
Department~of Health Regulations relative 
to Water w·elfs and Septic Systems) 

TOTAL COSTS 

' • ._f I 

FUNDING SOURCES 

State of Minnesota Bonding 
Minnesota Department of Transportation 
Lower Red River Watershed Management Board 
Sand Hill River Watershed District 
Polk County 
Local Right-of-Way Donations 
Wild Rice Electric Co. (Power Line Relocation) 
Winger and Sletten Townships (Work in Lieu of Cash) 

Unit 
Cost 

Total Esti­
mated Costs 

$ 933,000* 
313,000 
839,590 

2,793,090 

$4,878,680 

40,000 
137,280 

9,400 
300,000 

75,000 

900,000** 

$6,340,360* 

$2,500,000 
1,020,000 

962,360 
275,000 
913,000* 
600,000 

20,000 
50,000 

$6,340,360 

*Cost increase due to Polk County Engineer's updated cost estimate for 
road relocations. Sletten Township road 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 darn 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 questions, don't hesitate to 
call us immediately. 

RG:qz 
cc: Vonny Hagen 

Tom Balcom 
Ron Harnack 
Ron Nargang 

Sincerely, 

SAND HILL RIVE~ WATERSHED DISTRICT . 
;J 
{\~), :t~ 
Roland G/ilekson, Chai~man 



NT NO. 1 
TELEPHONE Z13--281-3952 

HIGHWAY DEPARTMENT 
TH 75 AND CR 233 

P.O. BOX27 

CROOKSTON. MINNESOTA ~6716 
October 7, 1985 - .. ~ .......... 

Mr. Gale Fraser 
Houston Engineering c·. _, .. _.tJ •<1 .... 

2505 N. University Drive 
P.O Box SU 5054 
Fargo, North Dakota 58105 

Dear Gale: 

In the past serveral months we have become aware of the 
Winger Darn 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 darn 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.f.l. 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 this information 
becomes available we may complete the design of the projects 
in a timely manner. 

Please continue to contact 
Engineer, in our office with 
these projects. 

Sincerley, 

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

MPR: cmb 

Joe McKinnon, Construction 
information or questions on 



ATTACHMENT NO 2 

July 9 I 198 7 

Ms. Charlotte Cohn 
Minnesota Dept. of Natural Resources 
Of ffce of Planning 
500 ~afayette Road 
St. Pa~l, Minnesota 55146 

Ccns~. 2 Projec~4.COR 
TELEPHONE ~18-281-3952 

HIGHWAY DEPARTMENT 
TH 75 ANO CR 2.33 

P.O. llQX 21 

CROOKSTON. MINNESOTA ~6718 

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

Dear Ms . ·Cohn: 

Upoff 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 t~e current alignment but 
be r~ised 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 resu~t in the relocation of 6088 feet of C.S.A.H. 8. We 
have ar.ti=ipated this proposed design and alignment change 
since l985 and completed the design in December of 1985. We 
are u~aware of why the DEIS shows the incorrect alignment. 

In order that all issues would be correctly stated in the DE~S 
we feel that the be:ore mentioned correction should be ~ade. 

!f you have any questions please contact our office. 

Sincerely, 

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

MPR: cmb 
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ATTACHMENT NO. 5 
PROJECT FINANCING AND PARTICIPATION (AS OF SEPT. 3, 1985) 

Manager wilkens moved that the following Resolution be 

adopted by the Board of Ma~agers: 

RESOLUTION 

RESOLVED, that the construction of an earth-fill floo~ 
reduction dam with recreational pool, and related work on the Sand 
Hill River where U.S. Route No. 59 crosses the Sand Hili River near 
the north-south section line between Sections 26 & 27 and Sections 
34 & 35, Township 1~7, Range 42 (WINGER TOWNSHIP) of Polk County, 
Minnesota, shall be undertaken by the Sand Hill River Watershed 
District. Said improvement is for the public interest and welfare 
and is practicable and in conformity with the Overall Plan of th~ 

District. The cost of the project thereof is estimated at 
$5,892,035.00. Tne financing of the project, to date, is from the 
following scurces: 

Sand Hill River Watershed District 
Minnesota State Bonding 
Polk County (Road Relocations) 
Winger & Sletten Townships 

(work in lieu of cash) 
Minnesota Department of Transportation 
Wild Rice Electrical Co-Op 
Right-of-Way donations 
Lower Red River Watershed Maacgement Eoard 

TOTAL 

$ 275,000.00 
$2,500,000.00 
$ 464,675.00 

$ 50,000.00 
$1,020,000.00 
$ 20,000.00 
$ 600,000.00 
L962,3~o.o_Q 

$5,892,035.00 

Robert Muscha of Houston Engineering, Inc., is hereby 
appointed Engineer for the project and is :iirected to make all 
necessary surveys and plans for the construction thereof. 

Manager Larson seconded the motion for the adoptio~ 

of said Resolution, and, upon the question being 'put, 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. 

Dan Wilkens, Secretary of the Board 
of Managers of the Sand Hili Riveri 
Watershed District 





~ 
Minnesota Pollution Control Agency 

April 8, 1988 

Mr. Joseph N. Alexander 
Conunissioner 
Department of Natural Resources 
500 Lafayette Road 
St. Paul, Minnesota 55155 

Dear Conunissioner Alexander: 

RECEIVED 

APR 111988 

COMMISSIONER 

Re: Sand Hill Watershed District Responses to Conunents 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 ~taternent (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. 

We 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 perrnit~ing 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 • Duluth/Brainerd/Detroit Lakes/Marshall/Rochester 

Equal Opportunity Employer 



Joseph N. Alexander 
Page Two 

DRAFT EIS DEFICIENCY 

The ft1nction of an EIS under t~e la'N i~· to set forth as completel~/ and cl ?arly 
as pc·ssible the signif cant envi ronmenta.l issues regarding a project and its 
alternatives, so that:. ntelligent 3.nd informed decisions as to the appro­
priateness and feasibi ity of the project can be made by the public. This 
includes a detailed description of the proposed action. The state requires by 
law IMinn. Rules part 4410.0300 subparts 3 and 4) that environmental documer.ts 
aid in prcmoting understanding of a project, address the significant issues, be 
used as guides in permitting precesses, provide public accountability i:i 
project decisionmakin9, and (Minn. Stat. ll6D.04 subd. 2a.) be detailed enoug:1 
so that the above goa~s can be realized. It is also re•-1UiLed (Minn. Rules 
part 6115.0410 subpart BC) that the ne9d for Class I dams in terms of 
quantifiable benefits be shown. It is cle~rly 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 envirorunental effects of this project. However, as several 
reviewer-s noted in their comments en the draft, some major questions remain. 
The data presented is ~ostly qualitative, and several significant data gaps 
exist. We believe that the level of concern expressed by several commen"Cers, 
co1_1pled with the District's failure to adequately address the issues, as noted 
elsewhere in this letter, leads to the conclusion that water quality and other 
issues should receive considerably more attenticn in the EIS than is now the 
case. 

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

\'7ater Quality 

The draft EIS is generally qualitative in nature, rather than quantitative, 
de-spite the fact that the data and models requited for the document to be 
quantitati'1-e are readily available. Further, no analysis of dovvnstream water 
quality impacts was done. 

Alsc, the draft EIS discusses ·.vater quality impacts for the preferred alter­
naLive only. This makes valid comparisons between alternatives very difficult, 
and to that extent prejudices the EIS's ability to perform its intended 
fu.r1ction. 

We have previ,Jusly indicated our willingness to participate in eftorts to 
resolve this problem, and reiterate that willingness here. 

F~ood Control Benefits 

There seems to be conflict among the various documents relating to this project 
regarding the potential for flood control 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 draft·EIS diJes not say what kind of fishery the District intends to prqvide 
with the-proJect. It says cnly thac indications are that the reservoir will 
resemble a "bullhead tyTe of lake." The document should explain what the pian 
is, as ,w~ll as the means to .be employed by the District to ac;hieve the plan's 
goals, so that tbe public can adequately assess the extent.to which the plan 1$ 

feasible and: whether ber.efi ts cutweigh costs. 

The EIS does not address the '' swirnmabil i ty" or potential body contact 
recri::e,tt1on within the reservoir. i'linnesol.a Pollut.ion Control Agency U·iPCA) 
research exists which addresses this characteristic: in quantitative temls. 
Analysis of this research with appropriate modeling ·.vrould give the public a 
mt:ch better idea of what to expect from the reservoir .than the draft EIS nrnv 
does, and this would not be difficult or time-consuming to do. 

Project recreational benef:ts are dire,:tly tied to water quality. Full 
discussi:in of the water ·~11ality asrects of this project, _including the 
impc·undment and dmvnstream water quality impacts of all alternac.i·.;es, are 
crucial to understanding ',vhat u~creational c:::ntributions this project wi:.l be 
able to ~ake in the region. 

Calculation of a meaningful benefit/cost ratio, a necessity for EISs on 
pi.blicly-.funded projects, is not possible unless all project-...related 
e:.::penditures are knmvn. However, the full costs associated with mitigation for 
this project are not given in this EIS. This is probably because it is not 
knmvn 'fihat the District intends to propose for mitigation, even though the 
draft EIS makes it clear that various forms of mitigation will be requit;ed. 
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 2IS 
should clearly state what is praposed for mitigation and what the costs are, 
for each alternative. The benefit/cost ratio should in turn reflect these 
costs f0r each alt~rnative. 

THE EIS PROCESS VERSUS PERMITTING AS THE FORUM FOR REVIEW 

The District's Response to Comments is indicative of its belief that a number 
of significant issues n~ed not be addressed in the EIS, but can be relegqted to 
the permitting stqge. However, the function of the permitting process is very 
different from that of envirorunental review. The function of the EIS has been 
outlined above. Permitting, on the other hand, is the m~ans by which terms and 
conditions are placed on proJects in order to :=issure that environmental 
standards are met. It is not a forum for overall discussions of project 
feasibility, bec~use 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 subs Li tute for the o.ther. 
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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 efticient 
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 ~ 
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 i.t should. We believe that is the case here. 

In the Response, the following issues were identified by the District as being 
left to the ~ermitting 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 or·is not feasible and practical, an evaluation of mitigative 
techn.ique$ and their· 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 
impoundment. Evaluation of these effects is difficult unless the EIS addresses 
them fully. 

ROLES OF Vl\.RIOuS Pl'J\TIES IN TilE PROCESSES 

The District's Response contains language which makes clear its belief that 
state agencies have the responsibility for replying to requests for detailed 
project 'information. We disagree. While the District can arrang·e for the 
compilation and analysis of project data by any entity it chooses, incluQing 
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 ~n no way conflicts with the fact that fft.iPCA 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 should be advised that it has this 
responsibility from this point forward. 

CONCLUSION 

In sununary, 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, 
'· I • ~ 1 r! 

}J.</l~t)<f)l. iJ.Jlif 
Gerald L. Willet 
Commissioner 

GLW:pnk 





- Minnesota Pollutio .~ .. ~~ . ~ . . 

April 8, 1988 

Roland Gullekson, Chairman 
Sand Hi11 Watershed District 
Route 2, Box 218 D 
Fertile, Minnesota 56540 

Dear Mr. Gul1ekson: 

4'' 

Re: Sand Hill Watershed District ~Jinger Oa111 Prc:iposal 

P.PR L2 1988 

The Minnesota Pollution Control Agency (MPCA) has rP.Vif~Wed the draft 
Environmental Impact ·Statement (EIS) and Sand Hill Wcitershed District's 
res ponsE~s to public comments on the <l raft El S, which ynL' s utJmitted in 
response to the Minnesota Oeµart111ent of Natural R.esourct~s· (UNR's) letter to 
you of Octob~r 28, 1987. 

Basedon this review, significant environmental concerns and data 
deficiencies r"emain. It is our purpose in writirly_ this let.t~r to clearly 
spell out what kinds and levels of information ure requfrPd before any 
approval process can move forward to completioll. 

~ACKGROUND 

In a meeting with Senator Roger Moe un FebrucirJ l, 198D, r-IPCA 
representatives informed Uonald Ogaard, fonner President. of the Lower Red 
River \.\'c1tershed Management eoard, that the U.S. Envfrr11H1H:~ntal Protection 
Agency (EPA) had reconimended dismiss ill uf tile p n~ffi rr ed project c.il tr~rna ti v t 
from further consideration, based on watr~r quality concerns. The MPCA stnff 
further noted that it had many of the sarnf~ concern$, cittd thnt thP.se concerns 
bore d i r Pc t l y on the rvi P CA ' s res p c1 n s i b il i t .Y to c er t i f y l h-' r ro j e c t u r 1 a er 
Section 401 of the Clean Water Act. This v:as (and is) liq i111portant issue 
becausP EPA has the authority to deny permit~ r~quir1:d f r:r the rrnject even 
if the MPCA grants certification. based on information nl>vt cwailuble, the 

Mf'CA cannot dispute the EPA reconnnPndation .. This in t.uni 11rcd:es it critical 
that the 'issues raised by the l~PCA, in "its comment~.) un tl11~ dr(lft EJS, be 
f!ll ly addressed by the District. The rv:PCA staff rE'cornmf'!iibJ that the 
District work with the various affected agenciPs to resulv{:: concerns, and 
stated its wtllingness to be involved. In this meetinq. nr. Ogaard 
indicated that MPCA would receive the District'~, resµons1-_.~; to its comment'.l 
r.n the draft EIS. We have received the District's resp"n:;~~.; however, the 
informotfon does not provide adequate datll which suppo1--1 ,; dpproval of the 
proposed action. The MPCA stuff has stuted thot if U1t: Uistrict takes no 
action 011 providing the information, the project. would b~ tdaced in 
jeopardy. 

PhOllf): 612: L96- 7 301 
520 Lafayette Road. St. Paul, Minnesota 5~)1S~; 

Regional Offices• Duluth/Brainerd/Dntroit L<1kes/Marsh~ll/H1whestnr 
Equal Opportunity Employer 
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GENERAL COMMENTS 

We rernoin concerned about the. c:(~f·auacy of tht: US. W£: d< 1 nut believe the 
EIS sets forth the significant 1::11vironmentt:l ;~~sues n:<:.:<1t·ding a pn:1ject and 

·J ts. a lt e rn a t i v es s o that de c i s i on s l! s tu the a µ p rn pr i a ten es s u n a fe as i b i 1 it y 
of a··project can be made by thE: 1-iublic. i~e de ncit be1ievi:: J proper 
e v a l u at i on of the i 111 pa c ts arc prov i de d tu y u i de the pf~ ririi t ti n g processes , 
provide public accountability in project decision making, a11d enough detail 
so that the above goals can be r(~d lized. 

There is debate whether the response to issues ruise<l is required to be 
addressed in the EIS; or in the permitting process. Tht~ EIS already contains 
some of the information needed by a reviewer t0 anulyzP. the environmental 
effects of this project. However, us several reviewers 11oted in their 
comments on the draft, some n1ajor quest-ions remain. Currently, we believe 
the EIS does not contain adequJte information to allow pt-nnits and approvals 
to be issued. T~erefore, the project cannot be ~µproved bas~d on current 
information. 

The S a'n d Hi 11 R i v er i s c 1 a s s if i e d a s a 2 B , 3 B , 4 A , 4 B , S , and 6 c 1 ass w a t er • 
This classification indicates the river's designated uses include fishing, 
s w i mm i n g , other rec re a ti on a l u s es , i n du st r i a 1 cons ump t i o 11 , c. gr i cu lt u r a l and 
wildlife uses, aesthetic enjoyment, and navigation. /-\ 1979 MPCA stream 
assessment of the Sand Hill River near Fertile showed the river was 
definitely 'used for recreation anci DNR data do show the existence of a 
fishery. According to Minnesota Hules Part 7050.0220, ~ubpart 3, the 
project shall not impair the quality of the upstrei:l1r. or downstream waters ur 
"in any manner render them unsuitable or objectionablP for fishing, fish 
culture or recreational uses." The District 1nust de111c..,n:;trate that the 
project will not cause 1mpairment of betH:iicial upstre,1m or do1f1·11strea111 uses. 
Information prest:ntly available indical~s that the r1r·o11used µruject could 
result in water quality violations in thP. rPservoit' 01iu Juw11stream of the 
proj e(. t. 

UETAILED COMMENTS 

If the µroposed project is to bt~ c<J11siderf:d fur·U1er, thF i11formatfo11 
C1utliner:l below must be submitted to the MPCA. The Distt·i(f. is ·ddvised 
that one or more meetings ~Ji 11 be neces~ilr.Y betwet~n the hfJ(J;\ ~i riff and 
Di s tr i ct rep res en ta ti v es to ass u r ~ 1 n 1 <le rs t d r 1 d i W} of th i ;. d ci t a re q u es t. I t 
should also be understood that bl:i(,re a project ccii-1 be .. ~pprnved, the data 
must demonstrate that project tlevP.lopmt:nt v1ill not result in violations of 
state standards. 

l111pournJ11ient and Watershed Chur<ldf'ri s ti cs 

1. 'For the purposes of pre<lictinq irnrou11dment water qu.1lity (,1Jbse4uent t.c 
c re a t i on of the res er v u i r , v a r i ri u s \'/a t er s h t: LI <:1 n d a 11 t i c i pc t e d 
irnpoundment morphometric characteristics !TlUst be tifii1ly4ed. Tilt~ MPCA 
staff has run several models to predict resrrvoir tJUnlity. Attached 
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· dre.thc 'rirodel r~ms cir1d t'he intf.!rpretations. Hie Ui'.;;tl"ict should 1·evit~w 
· th:e data and c·onclus·ions· and address the ini~lc•.cts l>y develfJpiriy 
alternatives and/or mitigation measures. 

2. · rhe 1 bistricf ~hould estirnttc the lengtli nf time nL.iccssary for the lakf~ 
tq ·t-·'~ach a "·_steady state;';after constructic1n. When constructitig new 

I 're-ser:v·'o"irs-, it st\bula be'expected tho~ there .,.,;11 h· d. start-up period 
in which" the lake w'ill f'.Xhibit very low tr;111srcirP.nc.ies from shore·line 

Ferds·fon irn~ other" source's. 1 t is reels on ab l P. "tc (;~)Li mate this period 
"

1.based upon~··wifter flushi-ng rates and ether hydrau1 ic loading estimat~s. 
This in turn can be usf'd to indicate when varirn:, rnlake monitoring arci 
fish~ stocking mea~u.res should b~ imp1eniented. 

3. · The.'Disfrict shou'<hj. predict'w<lter residPnct! tilues tc..i' c'"1 11erage, and 
one-in-ten year low (7W10) arid hi9h flows. 

4. " Areal and vb ltirnet rit hypol i mne tic: oxy«Jen lieµ l Pt ion ru te s n re ~Je 11 
correlateo to lake;TP, chloropl1yll-a and Sf'cclli disk ckpths. The MPCA 
111ade: e'st'-imates as· to" the ·nCJture of the inlake diSS<il-ved oxygen profiles 
over't}nie-~ The:se:.depletion rates ulong with~cons1deration of lake 
morph'ometric character·istices c~lluw the detenninaticr cf the nature of 
the lake's oxygenated zoi1es. The hyr;olimnet1c depletion rate along 
~1ith a determination of the depth of the therrnocli1~~ \'till allow 
rredictio·n· of the·.1depth to· which oxygen w'il ·1 ocet:r. A discharge pipe 
p 1 aced .. belo\./" this leV~'r wll l 111t.~a n di sch a rg i rig· an ox i c WCJ. ters from the 
reservoir ·which' niay gener<Jte downstrea111 water quo l i ty violations and 
other concerns· (e.g., fisheries mainte11ance). Th1:: i.JPC/l. has prrvided 
these estimates and determinations so thc.tt this is:;ue can be addre$seci. 
Again, the District should revir.w this cinta <:111d adtltTSS the impacts by 
deve l op_i ng a 1 tern a t.i ves and/ or rn it i g0. lion measure:•: .. 

Potential Downsiream Effects 

1. Downstreorn <.:quatic habitat is alsc· a CC"'ncern. 1\c1..lrdrng tu Minnesota 
Rules Pu.1~t 7050 .. 0C:lO, Subp<lrt (, 1;0 uischdr~w from ·pcir,t ur nonpoint 
s o u r c ~ s s h a l l c a· u s e a qua t i c h ci b i ta t d P ~i r r, d a t i o 11 • I I 1 e d r a ft EI S r o t es 
that the river downstream fro111 the dam w111 ti::nd tr· cu,\·ad~ the char•n81 
below the dam and· alter t.he P.xistrng wet1onds. The District s,hould 
state the· steps tnat v:ill actually be takP.n to i,·l~duce U1ese effects. 

~. S.ince .very hypereutrophic conditions are exµect.Pd tn ocr:ur in the 
reservoir, water rP leased f run the· reservoir may vi c1 I de v1.:i ter oua l ity 
s ttrnda rds. The pa rarne ter of mes t concern is dis s r~ 11.'PC oxygen (DO). An 
acceptable model such as QLJAL II should be used for analyzing DO 
in1µacts downstream. the District stir,uld conduct the dtidlysis using tile 
'fo 11 owing· i nforroabon: 

a• Initial wHhdra~1al ·[JU va·lues. Assume a value d U.O rny/l, unless a 
basis for a higher DO value ·j~ provided and JUSlif ied. 
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b. The reaeration fdctor of the sµ-i I lway. Tlli:; v:ill clepond on 
des·ign; hm't'ever, it i5 c.1 critic2l eletntnt iri Jrt('rmining whether 
standards can be met. The bi:.s i ~ for se 1 <'ft ion of th ·is factor 
should be provided. 

c. The predicted or~ce in 10-yeat· 7-day lo\'t flow (7Ql0) 1Eaving the 
reservoir. If the project vii 11 control downstrer:111 flows to the 
extent outlined in the EIS, the exact method d control should be 
described in detail. Tht: District shc1uhi pre<li<..t water losses, 
especially the evaporation that will occur frw11 the reservoir, and 
estimate the effect this 'Y'til l have on tlie n~servoir and downstream 
at 7010 flows. 

d. Calculate DO sag at the 7(~10, based on ~xµe~tet..I initial stream 
va 1 ues and bi ochemi cal ox.ygen demanu (BOD) of thP stream after 
project implementuU0n. 

e. The analysis should consider the additive effects Gf the dam 
discharge on downstrea111 point and nonpoint sources, and their 
combined effects on DO says at the predicted 7410 event. 
Di sch a rges fror,1 tile contro 11 ed ponds c. t or o th~r ~ources 1 oca teu 
at Winger, Fertile anG, if needr:d, at Beltra1iti and Climax should 
be analyzed. 

f. Analysis of downs trean1 tffects c.lue tu Clr<,iwduww) pf the reservoir 
for maintenance, emerqenc i es, and 1 ow-fl ow cQnd it ions. 
Specifically, this should address the sediment n~lr.«ses and sluir.e 
effects which may occur if drav-1downs an: n:q11i red. 

~ater Quality Management Consideriltiuns 

The establishment of mana0ement goals ·1s l'llP of tht• fir~,;~ stepf; that shoulc 
be taken in the creution of a new i111poundM:11t. rt is unclear what the 
District's. goals are for this project. ·Thtl following sb()ulci bt· considerf-'<4: 

l. 001-~s the District hrpe to flliHlc.l~iE· the reservoir for ~iv,ri111rning, other body 
contact recreation and. a sport fishE:!t')'? If it i~ ~<i b~~ m~nag"":d, for 
example, as a sport fishEry, what dot=:s the Dist.rift. intend to do to 
maintain it? If nerators will be empl0ycd to suµport <1 sport fishery, 
the number, placement, and cust of the aen1.tors anJ their maintenance 
plus other management effori..s should be rrovid1~d. 

2. Modeling conducted by MPCt\ staff predicts hyperf~ut:rophic conditions for 
the reservoir. Set:· the attactiec dnalysis. 

Nuisance bloom conditions are likely tu be prese11t c;hout 66% of the 
time during the summer, with severe blooms at1out 4m~ of the time. 
These concentrations of algae would net only make ~IH~ reservoir 
objectionable for primary contC1ct recreation but cou.l<,l also make it 
objectionabl~ for noncontact uses., such as fishi~~. 
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The outloo.k for transµarencj ·is E.:Ven \vorse dUL in part to the algal 
-.levels, but also the potentic:l for ~1igl1 111organic turtiuities f-rom 
sh.ox~Jine erosion, etc. The rnudels estinwt.e rm~an tr(rns~arency to bP 
between 0.5 - 1.0 meters. The public will likely f;!:rceive l11f~ lake (ls 
(:.:ither "swimming imµaired" or "no swirrnniny. 11 Lak.P users i11 Nc:rthern 
Min.n~sota hove somewhat hic.:iher exi;ectations re9JrJing Woter ciuality and 
~o u 1 d assoc i ate trans p n re n c i es i n the 1-2 ~ . r (inc; e , w i th no s w i mm i n y . 

. ~le pr;ed.ict that based on the high chlorophyll-a cuncentrations and lm·; 
transparency that the reservoir would be ill suited for swimming during 
111ost of the summer. 

G i v en the rel a t i v e 1 y h i g h Tr v a 1 u es a 1 o 1 i y w i t It exµ t· c t e d tot a l n i tr o gen 
(TN) concentrations, it is likely that inla"'-e TN:TF ratio$ will be very 
iov1 (i..:e., 5,~10). This would strongly ~.U<;ye~t tl1c:it blue;..green algae 
will dominate the sur11mer phytoplankton. Tht:: druft EiS acknowledges the 
putential for blooms and notf~s thnt watershed mancJ'JCrnent practices 
would have to be improved substantially. Thert:fore, the Distrkt 
shou,ld, present a plan to ctddress such improvemen_ts and include the 
costs of such improvemE~nts. ror example~ what: percentayt: of the 
watershed would have to be treated with conserv2tion practices to 
ctchi,,ev.e average summer sP-cci disks level-s exc~eding 2 M., total 

· phcs'phorus of 50 ug/l and average surr;iner Chl-a 1Jt:101t1 30 ug/l? These 
,a re , con di ti on s t y pi c d l of I a k es i n the a n_ c.i u I- t ll e pr u j e ct. 

, r 

Oµera ti ona 1 P_l an, 

1. The operation of the reservoir \-¥ill be criticc.1 ii ttH~ project is to 
hav<! any flood control berdits to thti r11ain stein nf thi: He<J River. We 
undPrstand that a HEC-I model has been ru11 for the projPct. We request 
that the inputs and outputs ot the model be prcvid~d to the lvil-'CA staff, 
a l on g wit h a n a n a l y s i s u t h CrW the re ::; u it s u f t i H~ ~ r:- 111 ode l s w i l l c.i ff e c t 
0µ~1,ational pla11s. 

l. At lhe reque<.>t of the hPCA, tlw dr~ft EIS ir:c LudEd i11fonnation, 
P.Vnlu<ltion and ctnc1lysis rrli"i1.ed to tile ~ection 401 rrl'tlficntiun 
requirements of Ulf' MPC/\. The drdft Ll~ til:.c1 i11cl111l1·d U1<:: Sand Hill 
River Watershed Oistrir.t''..> Proposed Operation ;:irH_; hainltitidnce Plan as 
modifi~d and amended hy the dm<Jnstredm re:,uurr.Ps opr~r11i.·iun plt1n ~nd 
mitigation requirements of tiit~ drnft EIS. / 

ThE: i.nformation for the opet-ation and ri:oiriLenanct~ pl2n must bE! bruuyht 
u p Lo · d a t e to a d d re s s w a t e r · 4 u c i1 i t y re l a t e d o µ t: r a t i L n l rn d ma i n t E%J 11 c e 
procedures. These include prncedures for 11ia.nayer11L'l 1 t <'f: 

a. low-flow comlitions, includiny 11ic1intenance cf c/L1wnstrect111 flows. 

b. sediment accumul2tion at the ouUall structure, incluainy how 
sediment will L>e re1i1oved to mcintuin down'.,;trea1n flows. 
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c. drawdowns which will occur due to normal maintenance, emergency 
repairs, and during h:v1-flow conditions. The plans should address 
n1itigation or avoidance uf sediment releases and utller impacts 
which will otherwise occur as a result of these druwdowns. 

3. The draft EIS also included tile Scind Hill River Watershed District's 
proposed general Specifications for Temporary Air Jnd Hater Pollution, 
Soi l Eros i on , and S i l ta ti on Cont r o l P l an s , and for W a te r Cont ro 1 ( <.fr aft 
EIS Appendix E). The Watershed District ~1ill alsu need to submit final 
plans and specifications to the MPCA for review an<l ayproval. 

CONCLUSION 

The EPA has recon111~nded dismissal of the proposed project, and based on the 
current information, the state has no evidence to dispute this 
recomnenda ti on. 

If the p roj ec t is to be pursued further, information 111us t be provided by the 
project sponsor and that information must show that the action will not 
result in violations of aµplicable standards. 

We recommend that District representRtives and cor1~;ul tants meet with us to 
discuss this letter and the requirements it contains, arid 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. 

Si r1cere ly, 

~ 1
11· ,, ) . ·l~( .. ' ;' ,, ' -· / .,,. ~ ( .. u, , 2 ..... ./ ( (, . 

( 

Gerald L. Willet 
Commissioner 
Minnesota Pollution Control Agency 

GLW:n1r1f 

cc: The Honorable Roger Moe, Minnesota Stute Senator 
The Honorable Edgar Olson, Minnesota State Representative 
Mr. Joseph N. Alexander, Cl1mmissioner, Minnesota Departnerit of 

t~atural Resources 
U.S. Environmental Protection Agency, Region V, Chicayo, Illinois 



Darrell Wad~na, 
Chairman 

JP.rry Rawley, 
Secret3ry/Treasurer 

RESERVATION 
TRIBAL 

IL 

P.O. Box418 
( 218) 983-3285 

WHITE EARTH, MINNESOTA 56591 

April 25, 1988 

Commissioner Alexander 
Minnesota DNR 
500 LaFayette Road 
St. Paul, MN 55151 

Dear Mr. Alexander: 

SUBJECT: Winger Dam Project 

RECEfVED 

APR 28 1988 

COMMISSION 

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, 

,1:-Jl 1J( 
;J . ·'fl fv.__:,, 

~Wilcox 

DW/ps 

---------------District Representatives--------------­
DISTRICT II 

Steve McArthur 





COST ESTIMATES AEMQYEP AT BEQUEST OE CONSULTANT 

Schill Environmental onsultants, Inc. 

2785 VVhite Bear Avenue, Suite 210 •Maplewood, MN 55109 • (612) m-6606 

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 ~omplete 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. 

Joel G. Schilling 
Principal 

Enclosure 



Environment 1 Impact Statement 

PROPOSAL FOR STUDIES 
IN THE 

SAND BILL WATERSHED DISTRICT 

Schilling Environmental Consultants. Inc. 

Task 1 

Task 2 

Task 3 

Task 4 

Water Quality and Alternative Dam Proposals 

16 hrs. 

Recreational Benefits: Fisheries, Boating & Wildlife 
uses 

16 hrs. 

Habitat Compensation Study 

a. Wildlife compensation: enhancement/replacement and/or type 
(wetland & upland) 

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

32 hrs. 

Erosion and Sediment Control Study 

20 hrs. 

Related Expenses: Travel & Offfice expenses. 

Subtotal: 

(See Attachment) 

Water Quality 

TOTAL: 



Consulting Engineers 
(612) 475-0858 
FAX - (612) 476-0504 

••••• ••••••• .. ..-.. 
Wenck Associates, Inc: 

May 19, 1988 

Mr. Joel Schilling 
Schilling Environmehtal Consultants 
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 7Ql0 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 Blvd. 
Wayzata. MN 55391-1418 



Consulting Engineers 
(612) 475-0858 
FAX-. (612) 476--0504 

Wenck Associates. Inc. 

3. 

, INC .. 

1 

the 

will be an analysis 
the proposed 
A report will be 

work and the 
·in answer to the 

will be presented orally 
the Watershed District at 

is as follows:. 

Analysis 

TOTAL 

when notice to proceed is 
completion of elements 1 - 3 

questions you or the 
and the project in general 



*For four 
determined .. 

1 

samples, 2- 1 5- 7-day BOD will be 





OHR INFORMATION 
(612) 296-4157 

6, 1 

Mr. ght Wilcox 

• ST. 

R RESO R ES 
MINNESOTA 55155-4'-0 __ 

White Earth Reservation Tribal Council 
P.O. Sox 418 
White Earth, i·iN 565'.:il 

Dear Mr. L-lilcox: 

Thank you your letter requesting information about the proposal for a Class 
I, high-hazard dam on Sand Hill River just south of Winger, Minnesota. 
proposed project is c Hill River Watershed District Project No. 4 
the Winger Dam is being s by the Sand Hill River Watershed 
District. dam itself is to be built at the T.H. 59 cross of the 
Sand Hill River is ign stream flood damage reduction, 
provi a recreational l and il itate an _upgraded T.H. 59 crossing of 
the Sand Hi 11 ver. 

Statement ( 
meeting to 
DNR is now 
where 
The Fina 1 

If you have 
should contact e 
Chairman, at 

e 
Universi 
Thomas 

(DNR) _completed a Draft Environmental Impact 
of document is attached. 

EIS was held Winger 1 
ion of Final EIS, ich is 

to the comments submitted on the Draft EIS. 
is len because the DNR is working with the 

agencies to address some of the 
ing this project proposal. I am having the 

added to the list of interested persons 
ial documents) when it is available. 

District's project proposal, you 
Hill River Watershed District 

, ile, nnesota 56540 (218/945-6299) or 
ineer at Houston gineering, Inc., 2505 N. 

, 105 (701/237-5065). Please contact 
e of Planning at 612/296-4796 if you have any 
vironmental Review Process. 

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

1 
Commissioner 

cc: 





RES URCES 
BOX I 500 LAFAYETIE @) ST. PAUL. MINNESOTA • 55155-40 __ _ 

ONR INFORMATION 
(612) 296-6157 

Commissioner Gerald L. Willet 
Minnesota Pollution Control Agency 
520 Lafayette Road 
St. Paul, Minnesota 55155 

Dear Commissioner Willet: 

June 23, 1988 

The purpose of this 1 etter is to respond to your April 8, 1988 letter on 
the Proposed Sand Hill River Watershed District Project No. 4 (Winger 
Dam) Environmental Impact Statement (EIS). Your letter outlines the 
position of the f.1innesota Pollution Control Agency (MPCA) regarding the 
sufficiency of the Ora EIS prepdred in 1987 by the DNR, the 
distinctions between en~ironmental review and regulatory processes 
(including the responsibilities of va iou-s parties) from the perspective 
of the HPCA, and the extent of information for the regulatory processes 
that the MPCA feels should be included in._ the Final EIS. 

The Department of Natural Resources (DtJR) 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 1r1ith 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 pol icy nor rule requires an EIS to include 
all of the information for all permits associated with a project. For 
example, the UNR rules for construction of new dams provide that the DNR 
determine an appl ant has demonstrated the need for a project in terms 
of quantifiable benefits (Minn. Rules part 6115.0410, subp. 8, item C). 
However, irrespective of the extent of information and the ~xact 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 fo some permits to be included in the EIS, or 
for the EIS to include simply a listing of permits associated with a 
proposed project ( nn. Rules part 10.2100, subp. 6). The particular 
approach chosen s to tifi as part of the Scoping Decision 
Document. For this EIS, e selected (and identified in the Scoping 
Decision Document) e o ion of identi ng the required governmental 
approvals and the unit government responsib1e for each approval. 
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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 
si~ilar approach was used in the MPCA Winona County Resource Recovery 
Facility EIS Scoping Decision Document. 

The recent r1PCA letter 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 eac~ uth€r. 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 proposa1s, 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 
pr a c tic a 1 ( Minn . St at. § 112. 4 9 and Minn . Ru l es parts 6115 . 0 190 , 
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 b.enefits, 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 co~ments 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 includ~d 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 various concerns raised. 
The completed 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 periop. 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 ~o 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 th"'e Final EIS consistent with the 
EQB Rules. 

The ONR 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 110t 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 qualitx 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 v1ater quality analysis 
was 1 imited to the water quality impacts of Alternative No. 1 as 
none of the other alternatives was suited to supporting even a 
1 imited sport fish population. 

We note that the MPCA has informed the Sand Hill ,Hiver 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 r1CPA's willingness to participate in 
efforts to attempt to resolve water quality issues. Your separate 
letter to the Sand Hill River Watershed District requests various 
analyses to be completed to determine potential downstream effects. 
If th e ~~ate rs he d Di s tr i c t i n i t i ates th i s add i t i on a 1 work , the D N R 
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 wil 1 include some further documentation, as 
identified 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 lack of a formal plan for the provision of a particular fishery 
resource was adequate. The Final EIS will identify the i~atershed 
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 war~ 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. 

t·1 i t i g a t ion and the be n e f i t c o s t rat i o 

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 1 imitations 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 wild)ife mitigation. 

The DNR has agreed that while the exact terms of fish, wildlife and 
instream flow mitigation will be determined during the DiJR 
permitting process, the mitigation requirements and the extent of 
losses requiring mitigative measures identified in the Draft EIS 
rernain unchanged. Further, the final methods to accomplish the 
mitigation will be developed and reviewed in cooperation with the 
HEP Team. The Final EIS al so 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 location. 

CONCLUSION 

The DNR appreciates the f1PCA' s gen era l 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 letter 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 MPCA) to submit comments on the sufficiency of the 
responses to concerns identified by the Draft EIS. 

The UNR 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 like to further discuss these issues. 

Yours tru 1 y, 

//~ . ./ J~~exander 
Commissioner 

c: Steve Thorne 
Vonny Hagen 
Ron Nargang 
Larry Shannon 
Roland Gull ekson - Sand Hil 1 River i~atershed Di strict 
Joel Schil 1 ing - Schil 1 ing Environm~ntal Co-nsul tants 





Schilling Environmental Consultants, Inc. 

P..ugust 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 
0ur 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 v 
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 

October 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 Supplementary Environmental 
Studies to the Environ.mental Impact Statement" 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 othe.rs 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, 

~~£s!1JMhrv 
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 ENVIRONMENT AL CONSULT ANTS, INC. 
Maplewood, Minnesota 

and 

WENCK ASSOCIATES, INC. 
Wayzata, Minnesota 

OCTOBER 1988 

> / 

Date 

!Qfin B. Erdmann, P.E. 
l t9 /(_j)/Jf 14241 



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, In~. 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 7Ql0". 

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 Reserv(Jir 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. 

ES-1 



4. 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. 

5. 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. 

6. The suitability of the proposed reservoir for swimming may be limited due to 

excessive fertility and consequent algal bloom formation. Conversely, however, 

with a supplemental winter aeration facility the reservoir will be able to support a 

very productive warmwater gamefish population. 

7. 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. 

8. The periodic 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 effects derive from 

enhancement of algal growth; negative effects arise from input of oxygen­

demanding materials. 

9. 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 



10. Based on river water quality modeling with QUAL2E, the proposed Winger Dam 

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

11. 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. 

12. 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. 

13. 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. 

14. Control of agricultural runoff in the proposed reservoir's watershed will be 

accomplished through implementation of two 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. 

15. Wildlife habitat compensation will be accomplished during the project permitting 

process and will likely involve the replacement of upland habitat as part of the 
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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 Pollution Control Agency 

December 8, 1988 

Rolland Gullekson, President 
Sand Hill River Yatershed District 
Route 2, Box 218 D 
Fertile, Minnesota 56540 

Dear Hr. Gullekson: 

RECEIVED 

DEC D 1988 

COM"Ji!SSIONER 

Re: Supplementary Environmental Studies to th~ Environmental Impact Statement 

Review of the above document has been complete~ by HPCA staff. Ve 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 Yater Act (CYA) (i.e., addresses the concerns we raised .in our 
April 8, 1988, letter to you). In this letter, th.e Minnesota Pollution 
Control Agency (HPCA) 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. HPCA 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 • Duluth/Brainerd/Detroit Lakes/Marshall/Rochester 

Enu::ll nnnnrt11nitv i::mn1..-..,,.,.r 
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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 HPCA 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. HPCA 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 Vinger, 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 elsewhere to find it. 

MPCA still has substantial concern about th~ quality of the impounded 
water. 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. 

Ye 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; 

c) 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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Ye remain concerned about the means by which the phosphorus problem will 
be addressed. Ye 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 Vinger Dam project includes no such 
requirements to our knowledge. 

2. 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 qualitatiye standards (i.e., 
nuisance conditions prohibited [Minn. Rules- pt. 7050.0210, subp. 2, 
1988]). 

3. The Distri~t 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/l) 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.) 

4. 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. 

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

The consultant used the one-dimensional, steady~state model called QUAL2E 
to simulate water quality conditions in the Sand Hill River near Vinger. 
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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. Vithout proper 
verification, model predictions of water quality responses under alr~red 
conditions are essentially meaningless. 

The data used to calibrate the model for the Vinger Dam Project were 
collected under extremely low flow conditions and at a time when the 
Vinger 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, HPCA 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 
disso1ved 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 QUAL2E model and to reduce the present 
uncertainties in predicting water quality impacts downstream from the 
proposed Vinger 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 Vinger wastewater treatment ponds are not discharging. 

b) Dye studies to determine accurate time-of-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 Vaters, 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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6. 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 operation 

MPCA has questioned most of these methods previously. One particular 
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 Vinger 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 benejits 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 HPCA 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. 

7. 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. 

8. 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 outfa~l 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 Yater 
Control (d~aft EIS Appendix E). These will be necessary for the 401 
review process. 

It appears, then, that the report hns 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. 

Ye 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, 

Gerald L. Villet 
Commissioner 

GLY: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 
calcula.te 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 survey. 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 wider "trace" flow conditions 
indicate that variable channel or backwater effects occur at this location. 
Consequently, the reliability of derived stage-discharge relationships that 
were calcula.ted 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 bydraulic 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 discharge 
of effluent from the Vinger wastewater treatment ponds, which began 
discharging on June 4, 1988, at an average chloride concentration of 240 mg/l. 
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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 quali t.y. 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 Yinger 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. Yithout 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/l. 
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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 

s water. Because C decreases about 3.5 percent for each 1,000 feet of 
elevation increas~ 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 coRcentrations, 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 
was 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 curso1y 
check of aeration potential by HPCA using several other empirical equations 
generally indicated that dissolved oxygen concentrations immediately 
downstream from the dam would be maintained above the 5.0 mg/l 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 inflo~ 
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 QUAL2E 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: Assessmt.~ri1 1·f \vater quLi I ity of proposed reservoir at Winger Dam on the 
San<l Hi 11 ~~iver. 

ConduLted by: C.n. \,!ilson and S.A. Heiskol'Y~ Program Development Section, 
lJivi~ illl1 of Hater ~Lic..l ity, MPC/\ 

Hl"is analysis r(~lJtes to the proposed dl:!Vefopment of a reservoir on the San<l 
Hi 11 E i ver at ttie City u f ~Ji nger in SGL; the as tern Polk County. The reservoir 
will be locctted in ihc 11 \>Jater ricl1 11 portion of Polk County. This areei is near 
thL: transition bet\vee11 the North Central llardv;ood Forests (NCHF) ecoreyion and 
the Red River Valle.)' (l~hV) ecoregion. The NCHF ecoregion is water rich 
containing approxi111(d~tly 4m~ of f·1innesota Lakes (Heiskary et al. 1987). The 
i11t(;nded purpo~e 0t tl1e rt~servoir is tlirt!e fold: 1) provide for flood damage 
reduction for downstrrc111: (treas; 2) provide a rPcreational lake; and 3) 
facilitc1tE: ctn upgradu! crossing of the Sand Hill River for T.H. 59 (MDNR Draft 
EIS, 1987). Tll"is <ll1'4iysis will focu~ on the potential of this reservoir for 
mt:eting the second pur1JU~t, i.e., 11 recreatior1c.·1 uses. 11 More specificctlly we 
will estimdte the vhtter qudlity o-f the reservoir \'Jhich would result from damming 
this port"ion of the ~;dHl Hill Rivt:~r. The pn~dicted water quality of the 
reservoir will bt: cu111p.-1red and ccJntrastec.l to typical lakes in this p£.1rt of the 
Sttite and win l>t- L~sed to t-~stin1ote tile likelihood ttl<lt this reservoir could 
~upport swi111111uble use~. 

The asse~sr.1ent of tht~ \Iuter quality of this rPser..voi r will be done by mode 11 i ng 
11 in lake conditions 11 based uµori the rnorphometry of the reservoir, land use in 
the watersl1ed, areal 1!hosrhorus l~>.µ0rts arid areal runoff values. Stream water 
qu<.tlity data rnllect.::ci Ly t·:DMR in 19rf. \'Ji"ll be used as a means to double check 
or validate inputs tu the models. Pertinent variables which have been used and 
assumptions vihich \vere 111acle ore noted in Tables 1-3. 

Three leve-ls of modelling will be used to ge11erate estimates of water ciuality in 
thr~ reservoir. 11iese 11:udt.: ls progre~s from most basic - Reckhow and Chapra 
(1983), to a MinnesoL1. t:LOregiun spFcific model, and finally to a morlel designed 
for reservoirs - ~letw0rk (\.Jctlker, 1986). Model outputs can be found in the 
appendix. The follmvir.q is a sunim.:iry of results from these models and the 
assumptions whi ell \Jl:!r e 1;wde. 

Table 1. -Winger Oam Heservo'ir morphornetric and watershed characteristics. 
l~tirnated frrn1i hDrm (198/). Assumes a permanent, recreational pool of 
1,217 acrt.:s, 6.8 m'ile fetch, mdximurn depth of 20 feet at the dam and a 
mean depth vf opproxirnately 9,. 1 feet. 

/\rea (A_) = 493 h<l 
Medrl Je~th ( Z) =- 2. 8 11iE:ter 

Fetch = 10.8 k111 

L ittora·1 zone - approximately 85?~ 
iio tershed cd'eu -

tt ) -io t o l f or :. ~rn d H il 1 F~ i v er ( M mm , 19 8 7) 
"rneC.tn 1:. i u th -~ 8 mi h~s x river 1 ength - 55 mil es 11 

b) Project ared - ctSSl:mes < 8 mile ~1idth at this point and a length 
of 6.B niiles for the reservoir plus about 1.5 miles beyond the 
he<1d 0t reservoir as estintdted from a county highway and drainage 
111up. Yif:~lctino an €stirnate<l watershed area of approxi111ately 64 
mi 2 or lf'.G km 2 • 
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Table 2. Estimat~ uf Lrnd use in the watershed of the project ilrea for 
mode i ·1 i rig µu rposes. 

North Centra1 1 Red River 1 Project 2 Model 3 

llJ rdvm()d F un~s ts VJ.i ley Area Esti111otes ----------- -----

Fon:st (%) 16 6 8 8 
Cu hi vated (%) I!~· 0' 

Cd ... 34 39 
Water & t·ll.1rsh (~0 n ,.., 

33 30 ( J 

Pasture & Open ( ~:,) ~: l 8 22 22 
Developed (%) f. 3 1 

1. Avera9e lc.rnd use cG111position hy ecoregion (Fandrei et al. 1988) 
2. As estimated ~Y MONR, 1987. 
3. Estimate based 01: ccoregiun lcrnd use composition and observed lc:nci use in 

project area.. 

TuLle 3. ~,Jater quality of Sarid Hill ~!iver in project area (MDNR, 1987) compared 
to typical ccuregion stream water r,uality (Fandrei et al. 1988). 

Toti.! 1 phosphorus ( ug/_1]_ 
median -
typ "ica 1 range -
( - 2 5 - 7 5th ~~ t i1 e) 

Totd l suspt:nded 
solids ( mg/l ) 
median 

t1odelling Summa_!:1 

~and Hill 
r~ i ver -----·---

125 
100- ltU 

r· ') :.> • (_ 

tlorth Centra 1 Red River 
Hard\'mod Forest Va 11 ey 

100 200 
70-170 120-320 

5-16 10-57 

Level I: Reckho\': c:..rrd Chapra, 1983. Using NCHF regional values and \vatershed 
an::a of 18,60C ho, A = 490 ha, predictions ett the@ 51% confidence 
interval: (a) gg ug/l < [P] < 130 ug/1; with a most likely 
yearly 111e011 uf 95 ug/l. 

(b) Likely J'iilSS ·1oad 2,918 kg low, 7876 kg/y most likely~ act 10, 734 
kg/y lliyh. 

Levt~l I I: t·iinnesot(a Lake EcorP9for. Assessment Procedure (MNLEAP) values for 
North Central Hard\wod Forests 
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Predicted TP, iWerage i 11fl ow of - E;8 uc:/l 
T w ( w a t t r re s i d t: 11 c e t i me ) - 0 . 5 y t: C1 rs 
l{eyi or10 l P Fr.port " U. 25 kg/ha/yr 
Regionu I ~) Load ~ 4 ,2~0 kq/yr. 
Most. likely [Ir]= 74 U<J/l 
U-11-a = 35 1.10/1 
~ecchi dt!pLL G.5 - 1.0 111 

(See /\ppe11di:x. fur Clll-a distribution) 

B. Using values fol' f:l:ll fdver Valley 
Annual averaye lliflow TP ~ 356 
T\v = 1 .1 years 
Regional P exµ0rL ~ U.2 k~/ha/year 
Re<Jiunal P lodd ~ 4 ,400 kt:;/yrar 
Most li~ely rrrJ ~ 100 ug/l 

c h ·1 - {, = 5 6 u <J / l 
~~cclii <le~U1 :' 0.7 111 

( See A p r1 t: n d i x fo r C h l - a. d i s t r i bu t i on ) 

C. Using Red River 1Jt.dley chdracteri~.tics with-internal load estimate. Same 
as above \'J i th an 1 11 t c rn a l 1 o a d o f about 18 0 0 kg/ye a r . 
Most likely LTP= = 123 ug/l 

LE.'V(! 1 II I : 

Chl-a 78 u~/l 
Secchi def)tl1 - 0.6 
See App~ndix for distribution of Chlorophyll-a 

Nehmd. ( tfo 1 ker, 1985) 
Reservoirs: 
neservoi rs behave dif-i erently than natural 1 o.kes as noted by Canfield and 
Bachman (1981) and i·!c1lker (198S) und hence different lake models have been 
developed to uccount fo\' these differences. Typically, reservoirs have greater 
inorganic turbidities \111licl) cause differences ~1ith phosphorus/nutrient dynamics 
and chlorophy"ll-a Seccll"i relationships within the waterbody. Therefore, 
turbidity Vdlues tyµicc1l of reservoirs, not lakes were used. Natural lake 
models employed therefo1·e will ter.cl to gTve a better impression of 1 ikely wC!ter 
quu1ity thari will he reali:zeu ·in an artificial lake system. Hence, the need for 
the use of reservofr models such as Network. 

Accordingly, we used the Network model with 11 observed 11 water quality variables 
obtilined from tile Level Il an&lyses for con1parativ£ ~urposes. The lake was 
segmented into 2 sey1;!('11ts, with b1ch havir19 the same surface areas but otherwise 
different rnorphometr.'./ t<, n:. fleet tht: 1 i kel ihood of greater depths near the dam. 

. ~ l 
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Table 4. Summary of Metwork Model estimates of rf:servoir water quality for 
h1inger Oi11n. 

Segments 
U~Qer Lower 

Annual t1ec.t n PredictPd In lake rrr,(ug/l \ L J J 166 109 
An11uctl ~lean Cit l-a ( WJ/ l) 54 31 
Mean Secchi (m) .4 .6 
Haler Residence Time (ye<Jrs) .66 .71 
Water Inflow ( Ht·13) 10.3 9.7 
Freq. (Chl-a) > 10% 99~l 93% 
Freq. (Chl-a) > 20% 90% 66~~ 
Fr1:-q. (Chl-a) > 30% 74% 40% 
Frt.: q. (Chl-a) ,,. 40~~ 57% 24~~ 

The mode11rng result~ <.re estimates of 11 steady-state 11 conditions and reflect the 
best-case unctlysis of Lhe likely water quctlity of the reservoir. Previous 
experiences (~Jc.tlker, 1S85) indicate tlldt new reservoirs may need considerable 
time to settle down aml reach equilibrium. The largest problem perceptible to 
resource users will be r1ew ~rosion, especially if there are several pool 
elevation fluctuation~:>, etc. Erosion of unprotected clay/loam shorelines can be 
very significant to the nutrient/sediment dynamics of a new reservoir (\Jilson, 
1979). Very low t1·crnsparencies may be possible. This will in turn cause light 
limitation to alyal communities (Golterman, 1979) over most of the growing 
season and therefore lower chlorophyll-·a values than may be predicted from 
nutrient availabilHy. However, the nutrient potential is always possible, 
especially during iow flow/drought co11ditions when severe blue-green algal 
blooms is very likely ~due to low N:P, light limitations and mineral 
turbidities). 

Therefore, the Leve 1 I d1G I I Cina lyses have prepared best case ana ly!:'.e~ which 
showed that inl\..lke TP Vdl11es wou'lo likely be between 70-130 ug/l. Use of Level 
III models, for reservc1ir systems using calibrated P export values show that 
likely inlake values 1nay be expected to he 

100-250 U<JFI (Upper Hinger) 
70-190 u9/l (Lower Winger) 

Conclusion 

Based on these three levtls uf modelling it appears that a likely inlake 
phosphorus concentratior1 will be on the order of 70-130 ug/1 on the optimistic 
side vJith a potentiu.I tor concentrations into the 170-250 ug/1 range. Spatial 
variation across the reservoir is 1 ikely ~lith the upper end of the reservoir 
haviny higher phusphorus concrntratioris and possibly worse water quality. These 
phosphorus concentraticr1s would be bE:t\.;een the 75th to 90th percentile for lakes 
in the North Cent1'ul HcH'dwood Forests. Data from lakes in Polk and r1earby 
counties t1<.1S IJcen appendb.HJ for colliµurison. 
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Tht! hiyh phosphorus concentrations projected for this reservoir (Level III most 
likely: 109-166 uy/l) \'Jould corresrond to high chlorophyll-a values with 
avu'i:1ges rar1yin'J from Jhout J0-80 ug/l. A level of 20 ug/l would he perceivul 
as a nuisar.ce bloom, \,hile levt:ls tjreater th.:1n about 30 ug/l 1tJould be perceived 
i1S l1 severe nu·isance (h·Likary and ~ldlker, in press). Based on a predicted 
phcsphorus ccncentrdi: iu,1 of 109 u<:;/l (Level IIl, near dam segment) the predicted 
frequt:ncies of chlnrt;!.h.Yll-a d~'e oS follows: 

Ch 1-d > 10 lHJ/ l 93~~ 
c h 1 - d > 2 o u tJ I l o G ~:, 
Clll-c1 > 30 u,J/l 40% 
C h 1 - u 4 ll u l.J I l ~ 4 ~~ 

It ~.hould D(~ ncteu tl1ul Ll1E:Se fre11ue1teies reflect mid lake collectior1s 
(co11uitions) Jnd near '.;h<;J't~ or bay effects could he significantly greater. 

This irnpl ies thctt r1ui ~once bloum conditions would be present about 6fJ~:. of the 
titr,e durinq the su111111er; with severe bluums about 40% of the time. These levels 
would not only make thl~ reservu'ir CJbjectionaL·le for primary contact recreation 
but could also nia~e it objectionable fur non-contact uses such as fishing. 

The outlook for tran~parency is ~ven worse due in part to the algal levels but 
alsu the potential for high ·inorganic turtddities from sho-reline erosion, etc. 
All models esti111ate niean tran~parency to be between 0.5 - 1.0 meters based ori 
predicted phosphorus l!itd chlorophyl·l-a vaha~s. Tr.ansparencies between 0.5 - 1.0 
me t er s wo u l cl be per c e i v l! d a s e i the r 11 s vii mm i n g ·j mp a i red 11 or 11 no s w i mm i n g 11 by most 
l a k e u s e rs i n M i ni 1 t ~ s o t d ( He i s k u r y d 110 ~.1 a lk e r , i n pre s s ) • La k e u s e rs i n N or t he n 1 

Minnesota have somf~1tJh11t hiqhPr exµectotions regarrling water quality and often 
associate trctnsparcricic~s in thP 1-2 meter run<Je with no swimming. 

Thus, usiny ari optimi:.t ic phosphorus concentratior. (109 ug/1) we would predict 
thtit based or1 U1t~ high chloru~Jhyl 1-a cuncentrations and low transparency that 
the re!.lervoir would LP ill suited for swi111mir:g during most of the suni111E)r. It 
also has the µoteritic.'. for very severe algal blc1oms throughout most of the 
s u 11111; e r w h i c Ii c c u l d l i 111 it c1 n y u s e o f t ti l res e r v o i r . 

Under stratified c011ditions in the near dam segment it is likely that severely 
re due ed oxygen cor1ce nt rut ions \AJ ill occur in t11e meta and hypo 1 i mn ion. A rctr1<Je 
of I-' hos p h o r u s _ <11 • ci c II I u n:i ~ Ii y l 1 - a co n c e 11 t r a t i on s "'ere t es t e d a n d res u 1t s i n d i ca t e d 
that oxygen concenffot ions could drop belcM 5 mg/l (minimum desirable for game 
fish survival) in ahcmt six days und anoxic conditions could occur \'tithin 16 
days. Hypoli111netic c~ischar<Je of these w<1ters could leud to water qu<Jlity 
imriicts downstream. · 

Considering the abundance of la"-.ts in a 50 mile radius from the site of this 
project and the rele:d.ively good quality of these lakes (Appendix) it seems 
u1dikely that the project 1·eservoir v10uld be deemed a desh·able water body for 
recreation or shoreliu~ development. For example, Union Lake, less t.htit 10 
miles from the project sitr, exhibits c.in averc.HJe transparency > 2 meters and 
Maple Lake, l.t 1 so nt:ar-Ly, hi.is a phosphorus concentration on the order of 39 ug/l 
(/\µpenJ·ix). 

Thus, based on this assessment we would conclude that the project reservoir 
would not be well suited for primury cont~ct recreation and may not be well 
suited tor noncontact recr·eation due to very low transparency levels, high algal 
levels and freyut:nt algal bloo1ns. Also, hypolimnnetic discharge of these waters 
could lt:ad to wctter ri11ality impacts dovmstream. 
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APPENDIX 



TROPHIC STATUS OF MINNESOTA LAKES: 1978-1987 

COUNTY LAKE ID LAKE LOC AREA DMAX ME TP NP SD NS CHLA NC TSIP TSIS TSIC TSI RTSI REGION 

BECKER 03-0085 BAD MEDICINE 11 MI N OF PONSFORD 782 80 M 26 2 4. 1 4 6 2 51 40 49 47 56 NLF 
BECKER 03-0127 BASS 1 MI N OF SNELLMAN 135 48 E 38 1 0 0 57 57 14 NLF 
BECKER 03-0576 BIG CORMORANT 1 MI N OF CORMORANT 3380 60 M 19 8 3.6 8 4 8 47 42 44 44 92 CHF 
BECKER 03-0304 BIG SUGAR BUSH 4 MI SE OF WHITE EARTH 472 42 E 0 6.9 10 0 32 32 99 CHF 
BECKER 03-0030 BOOT 2 MI NW OF TW 0 INLETS 401 100 M 12 14 4.1 37 2 14 40 40 36 39 87 NLF 
BECKER 03-0381-01 DETROIT (MAIN BAY) AT DETROIT LAKES 2000 82 M 29 8 1. 9 10 9 8 53 51 53 52 75 CHF 
BECKER 03-0387 FLOYD 2 MI N OF DETROIT LKES 1234 26 M 0 2.6 88 0 46 46 88 CHF 
BECKER 03-0134 GREEN WATER 5 MI NW OF PONSFORD 71 50 E 21 3 4.6 4 0 48 38 43 71 NLF 
BECKER 03-0029 HUNGRY MEN 2 MI E OF TWO INLETS 91 21 M 15 8 3.5 7 5 8 43 42 46 44 68 NLF 
BECKER 03-0153 ISLAND 7 MI NW OF SNELLMAN 1i60 43 M 0 3.4 36 0 42 42 73 NLF 
BECKER 03-0136 JUGGLER 12 MI N OF PONSFORD 365 78 M 0 4.2 9 0 39 39 85 NLF 
BECKER 03-0575 LEIF 1 MI W OF LAKE CENTER 519 . t 0 1 .5 1 0 54 54 66 CHF 
BECKER 03-0506 LITTLE CORMORANT 1 Ml N OF LAKE CENTER 924 34 M 0 1 .4 25 0 55 55 63 CHF 
BECKER 03-0189 LITTLE TOAD 12 MI E OF DE7ROIT LK 345 65 M 27 6 2.3 18 8 6 52 48 52 50 37 ~· -L..I"' 

BECKER 03-0163 LIZZIE 9 Ml NW OF EVERGREEN 89 . E 31 1 0 0 54 54 68 CHF 
BECKER 03-e500 MAUD AT LAKE EUN ICE 540 30 M 0 3.5 33 0 42 42 95 CHF 
BECKER 03-0475 MELI SSA Al SHOREHAM 1855 43 M 0 2.6·35 0 46 46 88 CHF 
BECKER 03-0602 MIDDLE CORMORANT 2 Ml NW OF CORMORANT 3""- 39 M 15 7 3. 1 19 3 6 43 44 42 43 93 CHF I I 

BECKER 03-0180 NORTH TWIN 6 MI E OF ROCHERT i39 28 E 0 1 .8 11 0 52 52 76 CHF 
BECKER 03-0273 PERCH 8 MI E OF D ETROIT LAKES 40 37 M 97 1 0. 6 14 78 , 70 67 73 70 0 NLF 
BECKER 03:-0359 SALLIE AT SHOREHAM 1267 58 E 98 3 1.4 2 55 2 70 55 70 65 33 CHF 
BECKER 03-0102 SHELL 4 MI NW OF SNELLMAN 3140 16 E 43 1 0 0 58 58 56 CHF' 
BECKER 03-0382 ST. CLAIR 1 MI W OF DETROITLAKES 140 7 E 72 1 0 0 66 66 32 CHF 
BECKER 03-0647 STINKING 4 MI NW OF LAKE PARK 370 8 E 202 2 0 0 81 81 5 CHF 
BECKER 03-0107 TOAD 3 MI W OF SNELLMAN 1666 29 M 31 2 1. 6 2 13 2 54 53 56 54 21 NLF 

BECKER 03-0657 TURTLE 4 MI NE OF ROLLAG 184 73 M 30 6 5.0 75 2 4 53 37 37 42 94 CHF 

BECKER 03-0017 TWO INLETS 9 Mi NW PARK RAPI~S 578 60 E 0 1 .6 3 0 53 53 70 CHF 
BELTRAMI 04-0038 ANDRUS IA 4 MI NW OF CASS LAKE i510 60 E 40 14 2. 1 19 24 8 57 49 62 56 15 NLF 

BELTRAMI 04-0i30 SEMIDJ I AT BEMIDJI 6420 76 M 0 2.6 64 0 46 46 57 NLF 
BELTRAMI 04-0069 BLACKDUCK 1 MI W OF BLACKDUCK 2742 28 M 59 2 1 .3 48 67 2 63 56 72 64 2 NLF 
BELTRAMI 04-0030 CASS AT CASS LAKE 29775 115 M 0 3.1 69 0 44 44 68 NLF 

BELTRAMI 04-0230 DEER 6 MI SW OF PUPOSKY 262 42 M 24 3 2.5 3 4 3 50 47 45 47 53 NLF 
BELTRAMI 04-0166 JULIA 2 Ml SE,OF PUPOSKY 450 43 M 30 4 3.4 4 6 4 53 42 47 48 50 NLF 
BELTRAMI 04-0076 LONG 10 Ml NE OF BEMIDJI 395 83 M 0 5.0 18 0 37 37 92 NLF 
BELTRAMI 04-0122 MEDICINE 5 MI NW OF TENSTRIKE 446 44 E 24 2 0 0 50 50 39 NLF 
BELTRAMI 04-0011 MOOSE 4 MI N OF PENNINGTON 568 71 M 20 2 3.6 2 3 2 47 42 41 43 70 NLF 

BELTRAMI 04-0124 SANDY 6 MI NW OF TENSTRIKE 260 30 E 29 3 0 0 53 53 28 NLF 

BELTRAMI 04-0137 WHITEFISH 7 Ml NW OF TENSTRIKE 330 98 E 0 3.7 12 0 41 41 78 NLF 

BELTRAMI 04-0079 WOLF 8 Ml SE OF BEMIDJI 1051 55 E 44 18 1. 9 28 32 12 59 51 65 58 10 NLF 

CLEARWATER 15-0010 ELK 5 Ml S OF LAK E ITASCA 271 97 M 31 4 3.3 3 4 3 54 43 44 47 53 NLF 

CLEARWATER 15-0057 LONG 5 Ml NW OF L AKE ITASCA 145 80 M 10 4 5.7 3 2 4 37 35 36 36 92 NLF 

CLEARWATER 15-0068 LONG LOST 9 MI S OF ZERKEL 390 53 M 0 4.8 19 0 37 37 90 NLF 

CLEARWATER 15-0005 SQUAW 3 Ml SW OF LAKE ITASCA 151 80 M 14 4 3.2 3 4 4 42 43 43 43 72 NLF 

HUBBARD 29-0048 BENEDICT AT BENEDICT 440 91 M 0 .3.4 4 0 42 42 73 NLF 

HUBBARD 29-0151-01 BIG ~ANTRAP !EAST B AS!N) 750 68 E 0 3.2 4 0 43 43 70 NLF' 

HUBBARD 29-0151-05 BIG MANTRAP HOME B AY) 80 53 E 0 4.8 4 0 37 37 90 NLF 

HUBBARD 29-0151-02 BIG MANTRAP MIDDLE BASIN)8 Ml N DORSET 700 35 E 0 3.2 8 0 43 43 70 NLF 

HUBBARD 29-0151-04 BIG MANTRAP WEST A RM) 200 59 E 0 4.0 4 0 40 40 82 NLF 

HUBBARD 29-0185 BIG SAND 5 MI NE OF PARK RAPIDS 1640 135 M 0 4.5 12 0 38 38 87 NLF 

HUBBARD 29-0083 BLADDER 8 Ml S OF NEVIS 217 . E 17 1 0 0 45 45 63 NLF 
HUBBARD 29-0.312 CEDAR J Ml E OF i WO INLETS 98 26 M , 6 4 J. 1 4 6 4 44 44 47 45 6.3 NLF' 

HUBBARD 29-0015 CRYSTAL 4 MI SE 0 AKEL~ 91 . E 7 i 0 0 32 32 96 NLF 

HUBBARD 29-0061 GARFIELD AT LAPORT 980 30 M 0 3.5 44 0 42 42 75 NLF 

HUBBARD 29-0188 GILMORE 5 Ml NW 0 NEVIS 91 54 E 0 3.6 9 0 42 42 76 NLF 

HUBBARD 29-0074 INDIAN 3 Ml W OF AKEL.EY 49 36 E 12 1 0 0 40 40 82 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 LAPOR~E 2252 133 M 0 3.2 8 0 43 43 70 NLF 
HUBBARD 29-0001 KETTLE 7 MI SE OF NEVIS 41 27 E 9 1 0 0 36 36 93 NLF 
HUBBARD 29-0161 LONG 2 Ml E PARK RAPIDS 1974 1.35 M 0 3.6 33 0 42 42 76 NLF 
HUBBARD 29-0020 LOON 4 Ml SE OF NEVIS 112 E 0 2.0 7 0 SJ 50 39 NLF 
HUBBARD 29-0180 LOWER BOTT LE 8 Ml NE PARK RAPIDS 660 110 E 0 4.0 10 0 40 40 82 NLF 
HUBBARD 29-0066 MIDGE 8 Ml SE OF BEMIDJI 588 20 M 0 , .9 57 0 51 51 36 NLF 
HUBBARD 29-0247 MORAN 4 Ml S OF PARK RAPIDS 95 15 E 0 3. 1 8 0 44 44 68 NLF 
HUBBARD 29-0003 NAGEL 8 MI SE OF NEVIS 69 65 E 28 , 0 0 52 52 31 NLF 
HUBBARD 29-0157 NORTH TWIN 4 MI NE OF MENAHGA 225 12 E 61 10 2.2 1.3 14 4 63 49 57 56 15 NLF 
HUBBARD 29-0250 PORTAGE 4.5 Ml NW OF PARK RAPIDS 412 15 M 0 1 .2 27 0 57 57 , 1 NLF 
HUBBARD 29-0023 ROBINSON 3 MI S OF AKELEY 46 E 16 1 e 0 44 44 67 NLF 
HUBBARD 29-0085 SECOND CROW WING 8 Ml S NEVIS i2 181 E 0 1. 8 7 0 52 52 34 NLF 
HUBBARD 29-0239 SPEARHEAD 6 MI SW OF BEMIDJI 188 80 M 0 4.2 46 0 39 39 85 NLF 
HUBBARD 29-0117-02 SPiOER (EAST BAY) 2 MI N OF NEVIS 120 66 M 0 4.4 25 0 39 39 86 NLF 
HUBBARD 29-0022 STEEL 4 MI SE OF AKELEY 55 77 E 12 1 0 0 40 40 82 NLP 
HUBBARD 29-0077 THIRD CROW WING 6 MI S OF NEVIS 646 35 M 0 1.7 42 0 52 52 30 NLF 
HUBBARD 29-0148 UPPER BOTTLE 9 MI NE ?ARK RAPIDS 465 55 E 0 4.0 10 0 40 40 82 NLF 
HUBBARD 29-0081 WOLF 7 MI S OF NEVIS 261 12 E 23 1 0 0 49 49 42 NLF I 

MAHNOMEN 44--0038 ISLAND 7 MI S OF LENGBY 611 43 M 57 1 1 . 2 i 3 17 1 63 57 58 59 52 CHF 
POLK 60-0305 MAPLE 1 MI S OF MENTCR 1445 E 39 7 1 .0 i7 0 57 6a 59 66 RRV 
POLK 60-0069 SANO HILL 5 MI W OF LENGBY 598 M 0 1. 3 1, 0 56 56 61 CHF 
POLK 60-0032 TURTLE 4 MI NE OF FOSSTON 545 13 M 78 1 2.7 i 5 1 67 46 47 53 69 CHF 
POLK 60-0217 UNION 7 Ml SE OF MENTOR 734 83 M 0 2.6 55 0 46 46 88 CHF 

LEGEND FOR LAKE WATER QUALITY ASSESSMENT DATA 

lAKEID= MONR identification number 
LOC: location from nearest town 
AREA= surface area acres 
OMAX= maximum depth feet 
ME= monitored or evaluated 
TPm: mean total phosphorus ug/I 
NP• number of TP measurements 
SOz mean secchi disk meters 
NS• number of SD measurements 
CHLA• mean chlorophyl 1-o ug/I 
NC= number of chlorophyl I-a measurements 
TSIP- Carlson's trophic state ind&x based on TP 
TSIS- Carlson's trophic state index based on SO 
TSIC• Carlson's trophic state index based on CHLA 
TSI• ave rage of a I I index va I ues 
RTSI• percentile ranking of TSI value based on al I lakes in ecoregion; 

whereby first percentile corresponds to the highest TSI for that ecoregion 
REGION- ecoregion Northern Lakes and Forests- NLF 

North Central Hardwood Forests- CHF 
Western Corn Belt Plains- WCP 
Northern Glaciated Plains- NGP 



RE~ULTS 

U~EP: WILSO~ LAIE: WINGER DAM 
L0[~T!ON: POLK COUNTY lUR~ENf ~AT~ 1 TIME: 3/17/83 
r:f. f'ijp l l I TL E: WitJ(iL R DAtl 

1c:rnL FHOSPHO~:us Mr1ss LOADitlG: 
l. Wlhighl = 10 734 ~q/~r 

p W(ml 1 = 7876.001 ~gl1r 

-'• ~li!::wi = 291:3 ~?!yr 

pt,tr~~JFL AREAL PHOSPHOF:US LOAD ING: 
1. Ll~igh) = 2.190612 g/m~2-vr. 

2 . Li m l l = 1. 6 •)7) 4 7 g i m .. , 2 - yr , 
_ . L( i ow ) = . :. q :. ~· I r12 g / m '2 - \' r . 

LAIE PHOSPHORUS CONCENTRATION 
1. Pihiqh) = .1288'167 mq/l 
2. Piml) = 9.4:1/l(17E-1:i2 m9!l 
3. Pi loHi = 3.:,i)4t)l1H)2 mg/I 

STR H.E ANY IE'I TO l!:!t-lT ! NIJE 

~ESULTS CONTINUED 

USER: WILSON LA~E: WINGEP DAM 
LOCATIQN: POLK COUNTY 

WINGER [IAH 
CURRENT DAIEiTINE: 3/19/88 

P~EDICTION UNCERTAINTY RESULTS 
1. positive model Error = 3.24l772E-~j mq/l 
2. nEoative model error = 2.414251E-~~ mq/l 
3. positive loadina error = .0171578 ~o/l 

4. negative load1nq error = 2.976848~-0~ mg/I 
5. t~tal positive uncertainty = 3.~67?25E-02 mq/l 
6. tGtal negative uncertainty = 3.8J~-84E-02 mg/l 

CONFIDENCE LIHIT3 RESULTS 
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WHAT JS TllE HEAN DEPTH (H)? 2.0 
WHAT IS THE OBSERVED HEAN LAKE TP (ug/l)? 100 
WHAT IS THE OBSERVED HEAN CHL-A (ug/l)? 35 
WHAT IS THE OBSERVED MEAN SEC CH I ( 111)? • 5 
WHAT IS THE MMOSPllERIC EXPORT (.1/.3/.6 KG/HA/YEilR)? ,J 

INPUT DATA: 

LA~E NAME = WINGER DAM 
LAKE AREA = (hal 49J 
WATERSHED AREA = (ha) l l 4000 
HEAN DEPTH Im) = 2.8 
OBSERVED MEAN JP (ug/I) 100 
OBSERVED NE Ml CllL -A ( uq 11 ) 35 
OBSERVED MEAN SEWll (m) .5 

RESULTS: 
1HE AVERAGE INFlOW JP (UG/L) = 123.8726 
TOTAL STREAMFLOW IN HH3 = 84.02099 HYDRAULIC RESIDENCE TINE= .1642923 YEARS 
BACK-CALCULATED P EXPORT (VOLLENWEIOER,76) rG/KH2/YR= 10.35765 
REGIONAL FLOW MEAN CALC NET P EXPORT (KG/rM2/YR) = 9.129737 
PREDICTED lp MASS LOAD TO LAKE (BASED UPON REG FLOW JP) 10407.9 KG/YEAR 
PREDICTED IP NASS TO LA~EIYOLLENWEJDER 76)= 11307.72 ~G/YEAR 
DIFFERENCE IN P SUPPLY (NG/H2/YR)= 203.9394 

OBSERVED TP IUG/L) = 100 
OBSERVED CHL-A !UG/l)= 35 
OBSERVED Sf CCII I DEPTH I H) = . 5 

FREO CHL-A > 10 ppb = 97.20592 X 
mm CHL -A > 20 ppb = 75. 71505 r. 
FREO CHL-A > JO ppb = 49.33904 Z 
FREO CHL-A > 60 ppb = 10.9134 7. 

PREDICTED lP ICANFIELD/BACHHAN} IN UG/l = 79.74793 
PREDICTED CllL-A rn UG/l = 39.~1043 
PREDICTED SEC[HI DEPTH (M) = .8867514 
f'REDICTEI> mm CllL-A :> 10 ppb = 98. 31779 Y. 

mm UIL-A > 20 ppb = 81.04893 x 
!:Rf:'ll r111 _/\ ' 7(1 __ .. - C"t nl"lo .... 



_, .. _ ____,·-~-~-·-----.,,,..~.~ .. ~,,,,~f4'49-f!t~, ....... ,,... . ...... ,,.,..... Gi*R .......... ~¥'''11("''"' ,"~'i)l~~''*'""e;....-M._"~.., ...... ~~~-

! nK/.ZZ (Ct0~') LM'.E NAME ') 
Break in 31 
0 
WINGER DAN 
E COREG lot~ NIJtl8ER 1=HLF.2=UlF I 3=WCF' ! 4 =NGP ~ 
WHAT IS THE WAlERSHEO AREA IN HA? 114000 
WHAT IS THE LAf.E AREA IHA)? 493 
WHAT IS TllE HEflN DEPTH IH)'J 2.8 
WHAT IS THE OBSERVED MEAN LAYE lP lug/I )7 100 
WllAT IS THE OBSERVED l1Elltl CHL-A (ug/l)? 50 
WHAT IS THE OBSER'·JED HEAN SECCHI lm)'J .5 

\, 

WHAT IS THE MtlOSf'HERIC EXPORT 1.11 .3/ .6 KG/IHl/'(Ef\R)\_-S I 

INPUT DATA: 

LA~E NAME = WINGER DAM 
LAYE AREA = Iha) 493 
WATERSllED Af<EA = (ha) 114000 
MEAN DEPTH I~) = 2.8 
OBSERVED MEAi' TP luq/l) 100 
OBSERVED HEAN CHL-A (uq/I) SO 
OBSERVED HEAN SECClll ! 11) • 5 

RESULTS: 
THE AVERAGE INFLOW TP IUG/L) = 331.1886 
TOTAL STREAHFLOW IN HH3 = 84.02099 llYDRAULIC RESIDENCE TIHE = . 1642923 YEARS 
BACK-CALCULATED P EXPORT (VOLLENWEIDER,76) KG/KH2/Yfi= Ju.~~165 

REGIONAL FLOW MEAN CALC NET P EXPORT (KG/YH2/YR) = 24.4u947 
PREDICTED tp MASS LOAD 10 LArE (BASED UPON REG FLOW lP) 27826.8 ~G/YEAR 
PREDICTED lP Hnss TO LA~EIVOLLENWEIDER 76)= 11807.72 KG/YEAR 
DIFFERENCE IN P SUPPLY (HG/M2/YR)=-32~9.306 

OBSERVED TP (UG/l) = 100 
OBSERVED CHL-A IUG/L)= 50 
Ou SERVED sm.11 I DEPTH ! H) = • 5 

FREO CHL-A > 10 ppb = 99.44051 Y. 

FREO CllL -A > 20 ppb = 90. 69722 Y. 

fREO Cltl-A > 30 ppb = 72.962 7. 

mm rnL-A > 60 ppb = 21. 226(1'.i /. 

PREDIElED TP lCANFIELD/BACHHA") IN UG/L = 177.2855 
PREDICTED CHL-A IN UG/l = 126.8424 
PREDICTED SEWll DEPrn IN) = .4455904 
PREDICTED FREQ f.llL-A > 1(1 ppb = 99.99845 X 

FRED CHL-A } 20 ppb = 99.0427 X 
FREO Lill-A > 3(1 ppb = 98. 75521 'l. 
FREQ CHL-A > 60 ppb = 84.81216 X 

Lnn UAHE ? 



OUTPUT FORMAT: 3 OPTION: 2 
CASE: WINGER2 

GROSS WATER BALANCE: 

ID T LOCATION 

1 1 tributary no. l 
2 2 TOTAL SHED 

PRECl PIT AT ION 
EXTERNAL INFLOW 
Ht TOTAL INFLOW 
GAUGED OUTFLOW 
ADVECTIVE OUTFLOW 
UHOTAL OUTFLOW 
t t tn'APDHAT lfltl 
3USTORAGE IMCREA:;E 

<H> 

DR A JN AGE ARE A 
U12 

'000 
171). (l~H) 

4. 9(1() 

8~1(l, 000 
854.901) 

.000 
9~,4. 900 
8~14,900 

• (lfl() 

.00(1 

---- FLOW IHM3/YR) ----
MEAN VARIANCE CV 

'(Ii)(! '(l!)f!E +1)(1 '1)(11:• 

10.86(1 .309E+Ol .162 

2. 69~1 , 29 lE H11:1 • 2(1i"! 

10.860 • 309f +-01 .i62 
13. 555 .338Et!.11 .1 :.s 

,(H)(I • OOOE t(H) i°t{!{I 

9.684 , 4 73E +('1 .224 
9.684 .47JE+01 .224 
.Uill . l )~.EI (11 ' j(I!} 

,!)(!() .OOOE H)(I • !}(H) 

GROSS HASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 tributary no. l 
2 2 TOT Al SHED 

PRECIPITATION 
EXTERNAL INFLOW 
t 3 tTOTAL INFLOW 
GAUGED OUTFLOW 
ADVECT IVE OUTFLOW 
UHOTAL OUTFLOW 
tt*STORAGE INCREASE 
UtNET RETENTION 

----- LOADING ---- --- VARIANCE ---
KG/~'R Xlll ~G/YRU2 'l.(I} j"'I _,\ 

, (I , (I , (H)(tE t(ll) , I) , (1(1(1 

5328.0 96.5 .119E+07 99.2 .205 

196. (I ..,. c . 960E +04 .8 • ~d)(I .J. ~' 

5328. (I 96. ~· .119Et07 99. 2 . 2(~:1 
:1:124. (I 100.0 .120E+07 100.0 .198 

. 0 .0 . (l(IOE 1-(11) .!.I • i)(t(I 

1058.2 19.2 .ll4E+06 9, ~I . 31 '1 
1(158.2 19.2 .ll4E+06 ·1. 5 .319 

.0 ,(I • OOOE t(I(! .0 ,0!)(1 

4465.8 8(1, 8 . 't07E +% 7 c ., 
1.,,f,! . 213 

RUNOFF 
M/YR 

• (11)() 

. 064 

• ~1 ~10 

.013 
• i) 16 
.000 
• 011 
.(1 l l 
• (H)(! 

• (11)(1 

CONC EXPORT 
NG/M3 rGffH2 

•(I 

490.6 

72.7 
4'f0.6 
4!)7. :. 

.0 
1(19.3 
109.3 

.0. 

.(1 

.0 
31..3 

4(1. 0 

6.3 
6. : • 

,(I 

1. 2 
1 7• 

,(I 

JI 
-----------------------------------------------------------------------------·---

HYDRf!ULIC 
OVERFLOW RESIDENCE 

RATE TINE 
M/YR YRS 

1.98 l.16.38 

------------- TOTAL P ------------­
POOL RESIDENCE TURNOVER RETENTION 
CONC TIME RATIO COEF 

HGiM3 YRS 
. 2805 ~U646 

GROSS MASS BALANCE BASED UPON ESTJHATED CONCENTRATIONS 
COMPONENT: TOTAL N 

ID T LOCATION 

1 1 tributary no. 
2 2 TOT AL SHfD 

----- LOADING ~--- --- VARIANCE ---
KG/YR X(l) ~G/YR8t2 I(l) 

CONC EXPORT 
CV MG/M3 ~G/VH2 

.0 .O .000E+OO ,(! ,fl(H) .0 ,(I 

246.2 41860.0 89.5 .714E•08 92.2 .2~2 3854.5 



EXTERNAL INFLOW 5J28.(J 96.5 .119EH17 99. 2 • 2~15 490.b 6.3 
UUOTAL INFLOW 5524.0 100. 0 .120E t(17 100. 0 .198 407.5 6.5 
GAUGED OUTFLOW .0 ,(I .OOOEtOO .0 • (H)(I .o ,(I 

ADVECTIVE OUTFLOW 1058.2 19.2 .114E tOb 9. ~. .319 109.3 1. 2 
U UOTAL OUTFLOW 1058.2 19.2 .114E+Ob 9.5 .319 109.3 1.2 
*US TOR AGE INCREASE .0 ,(I .OOOEtOO .o .000 ,(I .o 
UaNET RETENTION 4465. a 8(1.8 .907Et06 7~ •• 7 .213 .o ,(I 

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

HYDF{AUL IC 
OVERFLOW RESIDENCE 

RATE TIME 
M/YR YRS 

1. 98 l.1638 
<' H,~· 

------------- TOTAL P ------------­
POOL RESIDENCE TURNOVER RETEHTJON 
CONC TIME PATIO COEF 

MG/M3 n;·s 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENlRATIOHS 
COMPONENT: TOTAL N 

----- LOADING ---- --- VARIANCE --- [ONC EYPORT 
ID T LOCATION KG/YR %(!) rG/tRtt2 I(l) CV NG/M3 KG/~H2 

1 1 tributary no. 1 
2 2 TOTAL SHED 

. 0 . (I • 00'1E t (;(1 

41860.0 89.5 .714E+08 
• (I , l)i)(! • i) 

92.2 .202 3854.5 
JI 

246.2 
-------------------------------------------------------------------------------
PREC !Pl TAT ION 4900. 0 HU . 6N1E +(17 7.3 
EXTERNAL INFLOW 41860. (I 89. ~. .714h08 92.2 
unoTAL INFLOW 46760.0 100.0 .774E+08 1 (10, (I 
GAUGED OUTFLOW .0 i°I . OOOE t')!) ,fl 

ADIJECTl'./E OUTFLOW 14836. (I 31.l . 226E +(16 2'i .1 

U t TOTAL OUTFLOW 14836.0 31. 7 . 226E +(18 29' 1 
Hts TOR AGE INCF:EASE ,(I ,(1 . OOOE t(l(I .0 
U*NET RETENTION .31924.(1 68.3 .536E108 69.3 

HYDRAULIC 
OVERFLOW RESIDENCE 

------------- TOTAL N -------------
F'OOL F:ES !DENCE TURNOVER RETENTION 

RATE TINE CONC TIME RAT IO COEF 
N/YR YRS MG/M3 YRS 

1.98 1.1638 1743.(1 .4201 2.3804 . 639(1 
<H> 
<H> 
CASE: WlNGER2 

SELECT OUTPUT FORMAllSl 

INPUT GROUP 2 - PRINJ OPTIONS 
1 LIST INPUTS 
2 HYDRAULl[S AND DISPERSION 
3 GROSS WATER AND MASS BALANCES 
4 DETAILED BALANCES BY SEGMENT 
5 SUNNARIZE BALANCES ~y SEGMENT 
6 COMPARE OBS AND PREDICTED CONCS 
7 0 IAGNOST I CS 

1 YES 
1 YES 
2 ESlINATED CONCS 
2 FSTINATED CONCS 
(I NO 
1 ALL SEGtlENlS 
l ALL SEGHEtHS 

t ~11)i) 

.202 
'188 
{lflfl 

.. ?.Li) 

. 32(1 
• l)i)(l 

. 229 

8 PROFILES 
9 PLOTS 

1 ESTIMATED CONCENTRATIONS 
2 GEOMETRIC SCALE 

10 SENSITIVITY ANALYSIS 

77 EDIT CASE TITLE 
88 DEFINE OUTPUT SEGMENTS 
99 LIST ALL FORHATS 

2 TOTAL PHOSPHORUS 

1818.2 10(1(1, (I 
38~·4.5 4? 'j 

'' L 

3449.6 ~.4. 7 
.o .0 

1~·3i .(J 11. 4 
1552.0 17.4 

,(I .(I 

.(I ,(I 



OUTPUT TO SCREEN (0) OR DISr (1) ? 

OUTPUT FORMAT: 7 OPTION: 1 
CASE: Iii INGER2 

OBSERVED ANO PREDICTED DIAGNOSTIC VARIABLES 
RANKED AGAINST CE HODEL DEVELOfHENT DATA SET 

SEGMENT: 1 UPPER WINGER 

VARIABLE 
----- VALUES ----- --- RAN~S 1%) ---­
OBSERVED ESTIMATED OBSERVED ESTIMATED 

TOTAL P HG/H3 120.00 165.74 
TOTAL N HG/M3 1500.00 1954.04 
(.NUTRIENT MG!M3 82.07 111.35 
CHL-A NG/M3 4Q.00 54.36 
SEC CHI 11 

ORGANIC N NG/113 
TP-ORTHO-P HG/H3 
ANTILOG PC-1 
ANTILOG PC-2 
IN - 1501 I F' 
INOF:GANIC N I P 
TURBIDITY 1/H 
ZHlX i TURBIDITY 
zrn I SECCHI 
CHL-A 3 SECCHI 
CHL-A I TOTAL F' 
FRHHCHL-a>10) lo 

FREGICHL-a>201 % 
FREOICHL-a}30l ' 
FREGICHL-a>401 % 
CARLSON TSI-P 
CARLSON TSl-CHLA 
CARLSON TSl-SEC 

<H> 

• 5(1 

120~1. (1!) 

,1)(1 

1734.98 
10. 16 
11.25 

'!)(I 

1. (1() 

1. 80 
3. 6{t 

20. (lf1 

97. 29 
79. ;)5 

~·6 .13 
37.82 
73.19 
66. 7'1 
69.99 

SEGMENT: 2 LOWER WINGER 

4'i 
' L 

1471.63 
116.36 

2940.76 
10. 90 
10.88 
9. 77 
1.1)(1 

1. 81) 

23.04 

84.6 
73.6 
8J.1 
97 .o 

96.6 
,(I 

93. ~· 
80.8 
27.2 

.0 

71. 4 

31. 4 
82.9 
79.8 

.0 
,I) 

.o 
,(I 

.o 
,(I 

,(I 

91. 6 

92.2 
98.9 
1(1, 9 
Q3,7 
'12.3 
97 .1 
84.2 

13.2 
71. 4 
r,; C 
;:.. J •. J 

42.1 
37.5 
79.1 

.0 

.0 
,f) 

.(I 

,(I 

.0 

VARIABLE 
----- VALUES ----- --- RANKS III ---­
OBSERVED ESTIN~TED OBSERVED ESTIMATED 

TOTAL P HG/N3 
TOTAL N NG/N3 
C. NUTRIEtH HG/ti) 
CHL-A HG/M5 
SECCHI N 
ORGANIC N M5/H3 
TP-ORTHO-P HG/H3 

15. oo .c:Lo_'L1a-) 
1500.00 1532.01 

62.40 79.27 
55.0~, 31.19 

• 70 • ~·6 
, (H) 943, 47 
.(H) 75.12 

HOD-Y MG/H3-DAY .00 285.39 
HOD-V HG/N3-DAY .00 218.19 
ANTILOG PC-1 1862.27 1322.76 
ANTILOG PC-2 15.28 8.97 
IN - 150) I P 18.00 12.65 
INORGANIC N I P .00 17.2J 
TURBIDITY l/M 1.00 1.00 
ZNIX $ TURBIDITY 2.8u 2.80 
ZHIX I SECCHI 4.00 4.98 
CHL-A t SECCHI 38.50 17.53 
CHL-A I TOTAL P . 73 .29 
FREO(CHL-a>lO) Z 99.26 93.64 
FRE0f CHL-a}2Q) I 90.67 65.80 

69.1 
7.3.6 
75.7 
98.9 
28.4 

.0 
• (1 

~ (! 

•(I 

93!9 
9~ •. (! 
53.3 

,(I 

71. 4 
44 ,I) 
38.1 
97 .0 
98.1 

,(I 

•(I 

82.0 
74.6 
au 
9U 
19. ~. 
'it .1 
83.3 
96' 1 
95 .(I 
9(1• l 
73. 7 

29. 2 
71. 4 
44.(1 

n .a 
72.3 

,(I 

• i) 



----FREO(CHL-a>10) l 99.26 93.64 ,() ,(I 

FREOICHL-a)20) X 90.69 65.80 .o .0 
FREQ(CHL-a>30) Y. 74. 79 40. 23 .o ,(I 

FREO(CHL-a>40) X 58.0B 23. 8~· ,(I .o 
CARLSON TSI-P 66. 41 71.84 .o ,(I 

CARLSON TSI-CHLA 69.91 b4.35 .o .0 
CARLSON TSl-SlC 65.14 68.31 .o JI 

<U> 

SEGMENT: 3 AREA-WTD MEAN 
----- VALUES ----- --- RANkS IX) ---­

VARIABLE OBSERVED ESTIMATED 08SERVED ESTIHAlED 

TOTAL p HG/tfi 97.50 137.51 78. ~. 87.9 
TOTAL N M6/H3 150•). Oil 1743.02 73.b 80.7 
C.NUTRIEIH NG/115 72. 24 95 .. 31 81. l 89.0 
CHL-A HG/M3 47.50 42. 77 98.2 97.6 
SECCHI ti .bO .49 22.1) 1~..t 

ORGANIC t' NG/M3 120(1, (1(1 1207. ~·5 96.6 96.7 
TP-ORTHO-P 116/H) .00 95. 74 JI 88.9 
HOD-V MG/113-DAY • ~·~1 28~ •. 39 ,(I 96 .1 
110D-V HG/M3-0AY .00 218.19 .(1 95.0 
AtHILOG f'C-1 16 71. 6(1 2(139. 64 92. 9 94.7 
AtHILOG PC-2 13.28 10.23 91. 6 81.1 
(N - l50) I p 1.3.B~· 1U9 38.2 28.7 
ltWRGANIC N I f' • (1(1 12.82 ,(I 19.9 
TURBIDITY l/M l. 0(1 1. 00 71. 4 71.4 
ZtllX • TURBIVITY 2. 30 2.30 34.3 34. 3 
ZHIX I SECCHI 3.83 4.67 35.4 48. ~. 

CHL-A 
* 

SEC CHI 28. ~.(I 21. !)8 92.7 84.7 
CHL-A I TOTAL F' .4~ .31 92. 4 76.6 
FREQ(CHL-a>lO) :~ 98.62 97.90 .0 .0 
FREO I CHL-a>20) '!. 86.11 82.02 .o .0 
FREQ( CHL-a> 30) 'I. 66.69 60.35 .(I • l) 

FREQ( CHL-a>40) 'i. 48.68 41.n .o ,(! 

CARLSON 151-P 70.19 75.15 .0 .o· 
CARLSON TSl-CHLA 68.47 67.45 .o • (1 

CARLSON TSI-SEC 67.36 7(1.19 .0 .o 

<H> 

OUTPUT TO SCREEN (0} OR DISK <1> ' 

OUTPUT FORMAT: 9 OPTION: 2 
CASE: WINGER2 

CONFIDENCE LINITS FOR OBSERVED(O) AND ESTIMATEDIE) VALUES ( 1.0 STD ERRORS) 

SEGNENT 
1 UPPER WINGER 
1 UPPER WINGER 

2 LOWER WINGER 
2 LOWER 1mmER 

3 AREA-WTD MHiN 
3 AREA-IHD MEAN 

TOTAL P NG/M.3 
45.5 60.8 81.2 108.6 . 145.1 193.9 259.1 

MEAHt-------t-------t-------t-------t-------t-------t 
120.0 ----------------0-----------------
165.7 -----------E-----------

75.0-------------0--------------
109.3 ---------------E--------------

97. ~. 

137.5 
----------------0---------------

------------E------------



OUTPUT FORMAT: 9 OPTION: 2 
CASE: WINGEk2 

CONFIDENCE LIMITS FOR OBSERVED(O) AND ESTINATEDIE) VALUES I 1.0 STD ERRORS ) 

SEGMENT 
1 UPPER WINGER 
1 UPPER WINGER 

2 LOWER WINGER 
2 LOWER WINGER 

3 AREA-NTD MEAN 
3 AREA-WTD HEAN 

SEGMENT 
1 UPPER WINGER 
1 UPPER Wl~GER 

2 LOWER WINGER 
2 LOWER WINGER 

3 AREA-WTD HEAN 
3 AREA-WTD MEAN 

SEGMENT 
1 UPPER WINGER 
1 UPPER WINGER 

2 LOWER WINGER 
2 LOWER WINGER 

3 AREA-WTD MEAN 
3 AREA-WlD HEAN 

<H> 

TOTAL P MG/M3 
45.5 60.B 81.2 108.6 145.1 193.9 259.1 

MEAN•-------t-------+-------t-------t-------t-------t 
i20.o ----------------o---··-------------
165.7 -----------E-----------

75.0-------------0--------------
109.3 ---------------E--------------

97.5 
137.5 

----------------0---------------
------------E------------

TOTAL N NG/HJ 
a23.2 102s.a 121a.J 1s~2.9 i;a4.~ 2473.4 3002.1 

MEAN+-------t-------+-------+-------+-------t-------+ 
1500.0---------------------0--------·-------------
1954.0 ----------------E----------------

1500.0---------------------0----------------------
1532.0 --------------------E--------------------

1500.0---------------------0-----. ------ ---------
1743.0 -----------------£-----------------

CHL-A MG/M3 
15.6 21.7 30.3 42.3 58.9 82.2 114.7 

MEANt-------+-------+-------+-------+-------+-------+ 
40.0 --------------0---------------
54.4 -----------------E----~------------

55.0 ---------------0--------------
31.2----------------E-----------------

47.5 
42.B 

--------------0---------------
----------------E---------------



SEGMEtH 
1 UPPER WINGER 
1 UPPER WINGER 

2 lOWER WINGER 
2 LOWER WINGER 

3 AREA-WTO HEAN 
3 AREA-WTD HEAN 

<H::· 

SE GHENT 
2 LOWER WINGER 

3 AREA-WTD MEAN 

<H> 

SEGMENT 
2 LOWER WINGER 

3 AREA-WTD HEAN 

<H> 

.3 .3 .4 .6 .a 1.0 1.3 
MEAN•-------t-------+-------t-------t-------t-------t 

.5 ------------------0-----------------­

.4--------------E--------------

• 7 
.6 

.6 
c ,,I 

------------------0-----------------
-------------E-------------

------------------0------------------
------------E------------

HOD-V N6/H3-DAY 
98.3 141.3 203.1 291.9 419.6 ~OJ.2 867.l 

MEANt-------t-------+-------+-------~-------t-------t 

~85.4--------------~--------E------------------------

285.4-----------------------E------------------------

MOD-V NG/M3-DAY 
91.6 123.1 165.4 222.3 298.7 4;1!,4 ~1.)9.4 

NEANt-------+-------t-------t-------+-------t-------t 
218.2-----------------------E--~----------·----------

213.2-----------------------E-----------------------
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