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PREFACE 

The following executive surranary is presented to comply with .t he 

stipulations i n Phases I, II, III, IV of the BLAC K HAWK LAKE/HALhEiT 

PITS FEASIBLI TY STIJDY which was prepared by the consultant, Hoskins -

Western-Sonderegger, Inc. of Lincoln, Nebraska for the Iowa Conservation 

Commission. 

The concl usion of this study is the specific project recommendation 

of the Iowa Conservation Commission. The ·consultant assists the Commission 

in selecting the most desirable option ur)der Phase I/ of the study. ·. · . 

Further project findings, as di rected by t he Commission, appear as 

separate documents. 
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1. DEFINI NG PUBLIC ACCESS 

The definition of public access precedes the discussion of Hydrologic 

Feasibility. The two items are very closely related, and both ar~-centered 

around the physical ability to make the connection between the n~~ural 

lake and the gravel pits. 

Assuming the connection of the West (privately owned) Hallett· Pits 

to Black Hawk Lake can be made, the purposes of the study are to: 

1) Define possible routes of connection. 

2) Determine additional public recreation benefits resulting. from 
the project. 

3) Consider p·ossible private development opportunities that would 
arise from the project. 

4) Discuss probable operation and maintenance factors. 

The study will not attempt to: 

1) Evaluate the rehabilitation or improvement of Black Hawk Lake. 

2) Consider raising the level on Black Hawk Lake (by adjusting the 
weir). 

3) Solve any water level problems on Black Hawk Lake relating to 
variable precipitation. 

4) Solve disputes over water well development in the area. 

The study is conducted to objective ly develop information on project 

feasibility for the Iowa Conservation Corrrnission and to coordinate both 

public and private interests during the st udy phases of the project. 

Basically, the study considers connecting the privately owned West 

Hallett Pits with Black Hawk Lake by means of a navigation canal. Large 

sections of the canal would have to be excavated in order to provide 

1 



the connection, since the present inlet channel is too shallow and other 

routes have few existing water bodies within their boundaries. Residential 

and recreational development around the West Hallett Pit would be an 

acknowledged end result of the connection project. 

Route of Connection Assumptions 

The connection corridor would logically follow the hydrologic 

connection through the ancient alluvial terraces to: 

1) Keep most of the activity on state owned lands. 

2) Take advantage of the excavated gravel pits already in. 
existence. 

3) Recover sand and gravel material within the corridor wh~re 
possible. 

4) Take advantage of the shortest distance between the larger 
water bodies. 

Four possible routes have been studied at the request of the 

Iowa Conservation Commission. Route ·A generally parallels the Chicago -

Northwestern Railroad, Route 11 B11 follows a previously excavated canal 

through the central swampy areas, Route "C" follows the present inlet 

channel, and Route "D" passes through the Arrowhead Lakes (see Figure 

I-A) . Each route is evaluated on the extent and magnitude of local 

impact, cost, the potential for possible cost recovery thr·ough the 

availability of commercial gravel deposits, and estimated future · 

operations and maintenance costs. This information is found in Part 

IV of the report. 

Public Recreation Additions 

A few preconditions have to be described before a discussion of 

public benefits attributable to the connection can begin. First, 

2 
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t he assumption is made that all residential development would occur 

around the privately-owned West Ha 11 ett Pits. Three areas of 

recreational deficiencies were noted in the preliminary 1978 Iowa ,_ 

State Comprehensive Outdoor Recreation Plan (SCORP) for Recreation.al 

Planning Region V. (See Figure l~B) They were camping, environmental 

swimming, and pleasure boating. According to the Iowa Conservation · 

Commission, their analysis of the immediate Black Hawk Lake Area 

discloses that the present camping facilities are not over crowded 

and are not projected to be overcrowded in the near future. The 

same is true for swimming facilities. If these types of facilities 

were to be built in the Hallett Pits Complex, their benefits would 

not be directly attributable to the lake-pits connection project. 

They could be built whether the connection was made or not. Any 

swimming or camping facilities justification would not result 

directly from the channel connection, but through the nonnal Black 

Hawk Lake Area master planning process. Because of the hydrologic 

connection of groundwater and surface water, no recreational facilities 

development should occur until waste water collection and treatment 

are provided. 

Some recreation use is made of the Pits as they now exist. The . 

connection would provide better access to the Pits, but wou l d not -

increase the fisheries potential in the area. In fact, under normal 

conditions, Black Hawk Lake would be able to produce on the magnitude 

of three times as much fish poundage per acre of water as the Pits. 

Thus, public fishing benefits would be roughly one-third as much in 

4 
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the Pits complex on an area basis. 

For plann ing purposes, the East Hallett Pits Complex (state-owned) 

would not be developed as a recreation facility because of the pot~ntial 

conflict with wildlife habitat and present management practices . . Jhe 

approximate twelve acre tract adjacent to the county road in the north

east corner of the West Hallett Pits would be suitable for camping·and 

swimming facilities at some future date when such facilities are 

justified. 

The total water surface area in the East Hallett Pits Comp l exJs 

33 acres. Using SCORP design criteria, which converts water area to 

monetary benefits, and fisheries productivity information supplied by -the 

local Iowa Conservation Commission biologist, a maximum of 1100 annual 

fishing visitations could result if proper access is afforded.* Present 

counts indicate about 300 annual visitations are already experienced. 

Thus, the project would net a maximum increase of 800 annual fishing 

visitations due to better access to the area. 

Alternative Routes "A" and "D" would involve only 23 surface \'1ater 

acres of the East Hallett Pits Complex; thus, a total of 800 recreatiorr 

days of fishing would result from the project.* After subtracting the 

existing 300 days, the net result would be 500 recreation days. 

Pleasure boating is not considered for benefit calculation on the 

East Hallett Pit Complex due to the smal l size of the lake requirement 

to maintain a 300-foot restricted zone adjacent to the shore for boat 

fishing only. However, the increased surface area of the connection 

channel would result in approximately 300 additional boating recreation 

*Based on a peak daily design of 2.0 ...,,ater acres / Fishi ng party X 2.5_ people/ 
Party X 1.5 daily turnover rate X 25 peak days per season .,. .45 (r·atio of 
peak days to total days) .,. 3 (comparable fishing potential factor ) : 

5 



Figure 1-8 
RECREATION PLANNING REGION Jl. 

days annually.** 

Present annual Black Hawk Lake recreation attendance figures reflect 

a direct relationship between the lake level and recreational visitations. 

Comparing the 1960 through 1973 annual attendance figures with the lake 

levels in Figure IIB this relationship is evident. 

During the 1960 to 1973 attendance period, 3,933,700 visitation_s · 

were recorded. Annual attendance ranged from 132,719 in 1961 to 372,480 

in 1968 with an average annual figure of 281,000. Thus, the addit i ona l 

estimated project visitations resulting from project activities would be 

approximately 2.7 percent of the annual average lake visits. 

**Based on a peak daily design of 8.5 water acres/Boating party X 2.5 people/ 
Party X 1.5 daily turnover rate X 25 peak days per season 7 .45 (ratio 
of peak days to total days) 
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Private Development Opportunities 

By constructing the approximate 2.3 mile connection between Black 

Hawk Lake (through Provost Slough) to the West Hallett Pits, approiimately . 

220 acres of surface water will be opened up for public access . TAe 

connection to the natural lake will further enhance the lands sur~ounding 

the West Hallett Pit for residential development (second home, lake ·front 

development somewhat similar to the present Black Hawk Lake area). · 

By connecting the privately owned West Hallett Pits to Black Hawk 

Lake, the water and lands under the water of the pits shall be in State 

ownership. Some degree of shoreline control would also be extendeq. 

to the State (Iowa Conservation Commission). 

Figure I-C illustrates a general design concept for private development. 

The contour of the lake is reflective of future operational needs of the 

quarrying operation, aesthetic considerations, and optimal use of shore

land and the water surface. In order to optimally develop the lake itself 

as a resident ial/recreational entity, the railroad would have to be aban

doned and the tracts and roadbed removed. Otherwise, the effective usable 

area of the lake and the resultant benefits would be reduced. This is a 

consideration for the private developer. 

The most pressing concerns associated with any development around 

the lake are the sources of domestic water and waste disposal. The ·10-

cation of any water wells should consider the cummulative impacts upon 

the local groundwater regime and surface water levels 1n the area. 

Due to the high permeability of the underlying sands and gravels 

and the close proximity of the rural water district wells to t he development 

7 
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area, private septic tank systems would undoubtedly be unacceptable from 

a public health and environmental viewpoint. The nearest public disposal 

syst em is south of Wall Lake, 8000 feet to the \vest of the Hallett property. 

Us ing the 300-fo ot shor e buffer zone, 112 v1ater acres would be . 

allocated for pot ential no-wake boating benefit calculations, and~106 

acres would be us ed for fishing benefit calcul ations. About 11,706 feet 

of shoreline also will be opened up for private fishing benefits . Th e 

\~est Pit is not large enough to effectively allow water skiing and lar.ge 

engined power boating. At least t en acres should be used for public access 

to the lake . Using the des ign criteria shown previ ously, the connettion 

would .suppo r t nearly 6,400 annual recrea tion visits in th e fo rm of 

pleasure boating and fishing t o this area. 

Th e projected annual recreati on visitations res ulting from all 

phases of the project are shown on th e Tabl e I-1. 

Table l - 1 
ANNUAL RECRE.~TI0N 'IISITATI0N SU~RY 

Recreation Alternatives ltAII & 11 0•· Alternatives ,, g.u & 11 C11 

Fishing 
(East Ha 11 ett ) 500 • 800,. 

3oating 
(:ast Hal lett ) 300 •* 300 .... 

Subtotal - East Ha 11 e tt 800 I llOO 

Fishing 
(West Hallett ) 3700,. 3700 * 

Seating 
(',,est Hall <?tt ) 2700'"' 2700 .,.. 

Subtota 1 - 'lies t Ha 11 ett 6400 6400 

To tal Directly Attributable 
to Project 7200 7500 

•sase,j on a peak daily design ,f 2.0 •11ater acres / fisning party X 2. 5 
~eople/party :< 1.5 daily turnover rate X 2S oea K da:i:s ?er season f .45 
(r~t io of peak days ta :ota l days ) f 3 (ccmparaole i1 sn1ng ootenti al 
factor ) 

... Sase,j on a oeak daily design of 8.5 water acres/boating Jarty X 2.5 
peoole/ party X 1. 5 daily turnover rate X 25 oeak days per season f 

.45 (ratio Jf peak days to total days ) 
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Operations and Maintenance Considerations 

Provost Slough which generally serves as a sed iment catchment basin 

for Black Hawk Lake must also be dredged periodically with costs es~i

inated to range from $6,000 to $14,500 annually depending on which route 

was chosen. (From a sliding scale based on $1.25 per cubic yard removed 

with a 400,000 cubic yard minimum and $0.05 additional for every 16,000 

cubic yards under 400,000). 

Some bank scour and sluffing can be expected along the boat canals, 

even with 11 no-1t1ake 11 speed limitations. The use of bank vegetation, _spe

cial bank grading techniques, and brush mats can minimize these problems. 

Average annual costs are estimated to range from $100 to $200 for stream~ 

bank operations and maintenance. 

Public operations and maintenance costs are estimated to be from 

$3,600 to $3,700 annually for the West Hallett public access and water 

bodies in both the East and West Hallett Complexes. These figures are 

based upon the additional annual recreation visitations generated by the 

project. 

Fisheries management at Black Hawk Lake is attempting to control 

winter fish kill by aeration techniques. Fish stocking is programmed 

for the fall 1979. To do this, the present surviving species, mainly 

small rough fish, must be eliminated by chemical poisoning. If West 

Hallett Pits were connected to Black Hawk Lake prior to the fish kill 

program being completed, the cost of this program would be increased 

substanti a 1 ly. 
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II. Hydrologic Assessment 

Aquifer Connection 

Borings made by Hoskins-Western-Sonderegger, Inc. confirm the -topo

graphic expression of an old fluvial channel filled with glacial outwash 

(See Appendix A). Boring locations are shown in Figure II-A. The·. outwash 

contains channel gravels, sands, silts and clay lenses. Abundant sand 

and gravel channels provide an aquifer connecting the major water ~odies 

in this area, including Black Hawk Lake and Hallett Pits. Th i s i s con

firmed by identical recordings from a USGS observation well (in the 

aquifer) and observed surface levels in Black Hawk Lake, measured during 

the same period (Figure II-Band Appendii B). Personal communicati6n · 

wi t h local residents confirms t he similarity of Halle t t Pits to t he Lake 

and general marsh levels. The discharge potential established in the 

West Central Iowa Rural Water Association pump test further supports 

a continuous hydrologic connection. During 24 hours, no major barrier 

was confronted and a good transmissivity value was obtained which suggests 

a laterally extensive aquifer of good hydraulic conductivity (pump tes t 

results are tabulated in Appendix C). 

Aqu i fer Characteristics 

Throughout the connection corridor the depth of the sands and grave l s 

tends to increase from east to west, as does the percentage distribution 

of gravel (material retained on the No. 4 sieve ) . The overburden (depth 

of silts and clays) generally decreases east to west. Figure II-C plots 

the older/higher terraces found along the west side of t he corridor. 
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Under these terraces are found t he better gravel deposi t s wi th greater 

thicknesses. 

The sand and gravel depths vary greatly, pinching out to on ly a few 

feet in depth between borings Sa, R-1 to R-6 and 11 (Figure II-A);: : The 

marshes in the central portion of the corridor are probably all tha·f is

left of the ancient river channel; overburden there will range up to ten 

feet in depth. 

Water test well logs and HWS, Inc. borings show a similarity in tre 

sand and gravel material throughout the corridor between Black Hawk Lake 

and Hallett Pits. Total transmissivity (the amount of water able to pass 

through a material) of all underlying material is calculated to be ~6,570 

gallons per day (gpd) in the Rural Water District water well pump test . 

Assuming the average depth of the aquifer is fifty feet, the permeability 

of the aquifer would be 1,300 gpd per square foot. 

Black Hawk Lake Water Budget (Figure II-0) 

R,,,ofl kwo Loke + 131 Precip;IGtlaft • 727 

Groundwole, Rechorqo t !175 

WATER BUDGET in mllllons ol gallons per year 

15 

\ 

' 
City 1N@lls - 184 

Figure II -0 



Black Hawk Lake receives water from surface runoff (RO) from the 

drainage basin at a rate of 388 million gallons per year (MG/yr.), pre

cipitat ·on directly on the Lake at a rate of 727 MG/yr., and by grQund

water d ·scharge at an estimated rate of 427 MG/yr. Water leaves the lake 

area by evapotranspiration at a rate of 1,020 MG/yr., city and loca,1: '-'.'e-11 

discharge estimated at 296 MG/yr., and discharge over the weir at a rate 

of 226 MG/yr. ~ee Appendix DJ 

Appendix D outlines a general basin water budget. Most of the bas i n's 

water infiltrates into the aquifer supplying the gravel pits and Black 

Hawk La ke. The average difference between the West Hallett Pits and Black 
Hawk Lake levels is 2. 3 feet. Heavy withdrawals in one would soon be _ 
noticed in all the other water bodies. Likewise, changes in rainfall 

will affect the water table and, therefore, all lake levels. During 

dry years there will be drops in both Hallett Pits and Black Hawk Lake 

levels. 

Appendix E outlines the effect on the groundwater of a continuously 

pumping well. This is a model of the Rural Water District well pumping 

at 358 gpm. The water table drawdown or radius of influence extends to 

a distance that can be replenished by precipitation recharge, in this case, 

3,000 to 4,000 feet, varying with the annual precipitation (Appendix F.). 

Increases in well discharge in any part of the aquifer will affect the 

lake level. However, only large discharges need cause concern, i n the order 

of 500 to 1,000 million gallons per year. The Rural Water District wells 

together are allowed to pump a maximum of 188 million gallons annually. 
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TP.ELE II - l 
BLACK HA\./K L<\KE ',/EIR ,l,NNUAL DiSCHARGE SU~lMARY 

Year Discharqe 

1970 • 71 107 MG 

1971 - 72 176 MG 

1972 - 73 458 MG 

1973 - 74 333 MG 

1974 - 75 54 ~G 

Total 1 1?~ Mf: 

General Imp l ications of Conn ecti ng Blac k Hawk La ke to the Hal l et~ -P+ts -

A canal connecting Hallett Pits and Black Hawk Lake would proauce 

a single large lake. Initially, a two foot difference in elevation due 

to relati ve posit i on in t he drainage bas i n would produce a fl ow ra 1sing 

Black Hawk Lake about 0.1 ft. Water levels in t he pits will drop~ pro

portional amount. Subsequently, the level wou ld reach a steady stite 

fluctuating in response to the climate much as it does now. This wou1d · 

amount to a flow on the order of 0.2 cubic feet per second flow through 

the connection with a 2.3 foot elevation difference. 

Pump di scharge from the Rural Water District wells would amount to 

halving the difference in water elevations between the pt ts and the 

Lake . Thus, the 0.1 foot rise in Black Hawk Lake l evel would be even 

less by considering this aspect. 

It must be emphasized that the connecti on wi l l not cause a signif i cant 

loss of groundwater. Presently a l arge portion of Black Hawk Lake 1 s wat er 

budget is made up of groundwater. During wet years, some groundwater 

discharge will flow over the weir. However, during dry years the water 

will be reta ined i n the La ke. 

Based on the subs urface data, the f ol l ow i ng ass umpt ions can be made: 

1. Groundwater l eve l s will not be si gnifi cantly affect ed by physi call y 

connec t ing the West Hallett Pits t o Black Hawk La ke. 

17 



2. Maximum permitted water withdra\<1al from wells in the immediate 

vicinity of the Hallett Pits and the State-owned marsh could 

lower the pit \'later levels (local groundwater elevations) c!S 

much as 0. 7 feet (assuming no recharge from surface runoff ) .. 

This will have the effect of lmvering the hydrologic gradi-e~t 

between the two bodies of water, but should not mater-ialli af

fect the physical feasibility of the project. 

3. The connection will have a very minimal effect on the Black 

Hawk Lake levels. 

4. The concept of connecting the West Hallett Pits with Black .Hawk 

Lake is feasible from a hydrologic standpoint under curreni1; . 

permitted maximum water well production rates. 
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III. LAND SURVEYING 

Originally provisions for aerial photogramrnetry were a part of 

the Black Hawk/Hallett Pits Feasibility Study. However, climatic•: 

conditions during the late fall of 1978 made it impossible to ta~:- ·. 

aerial photographs suitable for topographic mapping. 

The project need was subsequently amended to delete the aerial 

photography and included additional land surveying and test hole 

drilling. This infonnation proved invaluable to the complete hydrologic 

and economic feasibility analysis. The additional test hole logs (R-1 

through R-6) summaries are found in Appendix Band displayed by Fig~r~ 

II - A. 

Additional land surveying detennined all test hole and water 

elevations, which was essential for the hydrologic and environmental 

analysis. Water elevations taken at numerous sites are displayed in 

Figure III - A. The surveyed cross-sections also noted in Figure III - A 

document the extent of quarry operations in the corridor and were useful 

in the fonnation of the economic conclusions. Table III - 1 shows the 

coordinate adjustment notes. 

·From the surveyor's notes, a 2.3 foot water level variation was 

evident from Black Hawk Lake to the West Hallett Pit Complex. 

19 
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IY. DEFINE ALTERNATIVES 

The basic 11 lay of the land 11 suggests four possible alternative 

routes of connection between Black Hawk Lake and the West Hallett .~ . 

Pit Area. (See Figure I-A). These are more speci f ically definea -as 

fo 11 ows: 

Route A An 11,920-foot channel generally paralleling the present . 

Chicago-Northwestern Railroad tracks. 

Route B A 12,600-foot channel overlapping a narrow canal looping 

through the Central marshes. 

Route C A 12,300- foot channel overlapping the present Inlet Chann.ei, 

Route D A connection through Arrowhead Lakes. 

These four alternatives will provide a wide variety in regard to 

both the quality and quantity of impact. Subsurface conditions vary 

both longitudinally and laterally within the connection corridor. 

Benefit/Cost Assumptions. 

The following benefit/cost analysis and cash f low stream are 

tools to compare the relative merits of various al t ernati ves or 

projects, but should not be taken as an absolute judgment of project 

merit. Any recreational development, channel construction, lake 

sediment dredging, operation, maintenance, and repair, and shoreline · 

protection costs reflect the most current cost estimates. Both public 

and private cost estimate sources were used ta derive the channel 

construction and dredging figures. 

Bridge and land. Basically, three 40-foot long, two-laned bridges 

22 
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would be required, each with a minimum, six-foot clearance under the 

bridge. 

Sac County is presently programming the resurfacing of the east-west 

county road crossing the Inlet. The in-place bridge would possibly 

need to be upgraded. Work is prograrrmed for the next two to thre~ -years. 

If the Lake-Pit connection is to be made, this should be coordina.ted 

with other associated public works project to save on total public · 

expenditures. 

Whether the county road over the Inlet Channel is to be built to 

the navigation standards or not would depend on which alternative route 

is chosen. If either alternatives "A" or 11 011 are selected, then a. hew 

bridge would be required within ninety feet of the present railroad -
. .. 

grade. This will not affect the present grade since the water level 

is at least seven feet below the present ground level. 

Depending on which alternative route is selected, anywhere from 

4.1 to 210 acres of private land will be acquired. Alternative routes 

11 811 and 11 C11 need greater amounts of land because a substantial portion 

of the Inlet Channel and Provost Slough is privately owned. Care was 

taken not to create inaccessible remainders and to leave a 11 buffer 11 

strip between the recreational/wildlife land and the adjacent, intensive 

row crop agricultural uses. Figure IV - A identifies each new bridge 

location and additional land requirements. Figure IV-8 identifies the 

properties affected. 

A portion of the 4.1-acre tract which would be needed for either 

alternative routes 11 A11 or 11 011 could be used as a spoil pile. However, 

the project cost estimates include trucking the dredge material from the 

site to assure that environmental damages would . be minimal . The 4.1 acre 
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site had been quarried in the past. If trucking the spoil materia l 

from the site is not needed, the balance of the dredge spoils could be 

dumped in the pits directly across the road to the West, or used to . 

recontour specific shorelines to provide safer recreational surroundings. 
. , 

Costs of rebuilding the Chicago - Northwestern Railroad tracks to atconynodate 

the channel would be at least $600,000 if the railroad tracks were to be 

kept operational. 

Recreation. Since the Conservation Cormnission indicates that no 

additional camping or other facilities are needed at this time, only . boat 

ramps and docks are included. Access roads to the recorranended access sites 

presently exist off the north-south black-top county road. Installation 

of 2 ramps, dock facilities and parking is estimated to cost nearly $17,000. 

Construction. Lake dredging cost estimates assumed a 100-foot wide .. 
channel with a 60-foot wide base, eight-foot deep and with 2.5:1.0 side-

slopes below water. Figure IV-C illustrates typical cross-section tem

plate for the channel through dry land. Both alternatives 11 A'1 and 11 0 11 

assumed an average eight-foot depth to water table and no substantial 

dredging through the gravel pits each encountered. Alternative 11 8 11 assumed 

a 2-foot depth overland with most of its construction being lake dredging. 

Generally it follows route 11 C11
• 

Dredging costs are based on a sliding scale with a minimum operational 

cost of $1.25 per cubic yard, assuming a minimum of 400,000 cubic yards. 

The basic unit cost would increase by $0.05 for every 10,000 cubic yards 

under 400,000 yards. · The total unit prices reflect mobilization costs, 

a contigency factor, surveying, engineering, actual operations and trans

portation of the spoils material. Some savings can be encountered if 
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draglining or other earth-moving equipment are used. Thus, costs varied 

from $3.24 per cubic yard in 11 An to $4.04 per cubic yard in alternative 

"D". Table IV-1 summarizes the volume of material for each altern-a.hve . 

and the best 1979 cost estiwate for all phases of the project. 

All excavated channels will have tapered banks at the shoreline 

with vegetation and willow-reed mat to minimize bank erosion and sluff.

ing. The vegetation can break wave action and help stabilize the channel 

bank. Costs were estimated at $5.25 a lineal foot ($2.62 per bank): 

Shore protection and bank revegetation wouJd generally adhere to the·. · . 

typical cross section in Figure IV-C. 

Operation, maintenance and replacement average annual costs were 

based on 0.43 per cent of the shoreline protection costs plus $0.50 

per recreation day (see Table IV-1). Average annual dredging (channel) 

maintenance costs were based on ten inch accumulation of silt over 

eighteen years in the Provost Slough-Inlet Channel Area documented in 

the 1974 dredging study prepared for the Iowa Conservation Commission. 

Dredging maintenance costs range from $4.40 to $4.61 per cubic yard. 

Because little or no overland runoff would enter alternative routes 

11 A11
, 

11 811
, and 11 011

, the only maintenance would involve dredging the 

Provost Slough Area. 
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TABLE IV-1 

COMPARISON OF PROJECT COSTS 

Private 
Route Road & Land Recreational Total 

Alternative Britlae Acauisition Development Construction 
# Acres $ Cubic Yards 

T $ $ 

A 3 4.1 
17,000 2342000 

186,000 1,200 758,200 

B 
3 50.0 200,400 

197,000 15,000 17,000 
693,400 

3 210.0 163,300 
C 17,000 197,000 63,000 609,100 . 

D 3 4.1 124,900 
186,000 1,200 17,000 

504,600 

*Spread over 50 years at a 6 5/8% interest rate 
This is the interest rate most commonly used in 
federal water resource project cost calculations. 

**Includes $600;000.· for railroad construction 

Shoreline 
Protect ion 

$ 

42,500 

48,800 

51,500 

26,200 

Operations, 
Maintenance 

Total & 
Cost Replacement 

$ Average Annua 
Cost 

1,004,900 9,800 

971,200 12,300 

937,600 18,400 

1,335,000 9,700 

-------------~- -----
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Benefits 

All tangible benefits derived from this project are expressed as 

public recreational benefits and commercially recoverable material 

from the dredging operation. A 11 figures are presented as do 11 ars:.-of 

average benefit. 

Private. By constructing the approximate 2.3 miles connection · 

between Blackhawk Lake through Provost Slough to the West Hallett · · 
' Pits, approximately 220 acres of surface water will be opened up for 

public access. The connection to the natural lake could further· 

enhance the lands surrounding the West Hallett Pit for residential . 

development (second home, lake front development somewhat similar to

the present Black Hawk Lake Area.) 

By connecting the priyately-owned West Hallett Pits to Black Hawk 

Lake, the water and lands under the water of the pits shall transfer to 

state (Conservation Commission) ownership. Some degree of shoreline 

contro l would also be extended to the Iowa Conservation Commission. 

Monetary benefits resulting from public access to previously privately

owned water areas are accounted for in the public benefit section. 

Publ i c Recreation. Using a range of $2.25 to $3.15 which are rates 

common ly used in federal water resource projects benefits estimations per 

annual recreation day, the following monetary benefits are derived~ -The 

main East Hallett Pit would produce 800 recreation days, yielding from 

$1,800 to $2,500 of average annual benefits. This would apply to Route 

Alternatives 11 A11 and 11 011
• If the entire East Hallett Pi t complex were 
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considered for benefits, as it would be with routes 11 B11 and 11 C11 , 1100 

recreation days would result in a $2500 - $3500 range of annual benefits. 

The 6,400 additional annual recreation visitations resulting. 

from the connection between Black Hawk Lake and the private-owned: . 

West Hallett Pits would result in a range of $14,400 to $20,200 in : 
annual public benefits. By adding the estimated benefits for all 

of the Hallett Pit area, the resulting annual benefits range from . 

$16,200 to $22,700 for Alternatives 11 A11 and 11 011 and from $16,900 to 

$23,700 for Alternatives 11 B11 and 11 C11
• The high range of benefits is 

used for benefit cost calculations later in this report. 

Recoverable Benefits. Test hole boring log analyses indicate that · 

some corrmercially recoverable gravels are present at the depths to 

which the channels would be excavated. It must be pointed out though 

that most of the or_iginal deposit has been preyiously excavated along 

Routes 11 A11 and 11 D11
, and the thickness of the material and its per cent 

distribution are insignificant in Alternatives 11 B11 and 11 C11
• Essentially, 

the extent of c0Jm11ercially recoverable gravels is not a significant 

factor in the determination of route selection· and project feasibility. 

Total gravel tonnage is estimated to be 27,000 tons for route alternative 

A. At a minimwn of $0,10 per ton royalty to the State of Iowa, the 

public benefit would be $2700. 

Benefit/Cost Ratio 

As Table IV-2 demonstrates, project costs for the most part out

weigh benefits for all alternates. Net cost figures were derived by 

subtracting recoverable costs from the gross project costs. Average 

annua 1 costs were derived by factori_ng the net project costs by the . 



Route Gross Recoverable 
Alternative Pro.iec t Cos ts Costs Net Cos ts 

A 1,004,900 2,700 1.002.200 

B 971,200 0 971,200 
-

C 937,600 ' 0 937,600 

D 1,335,000 0 1,335,000 

w 
N 

*Spread over 50 years at 6 5/8% interest 
This is the interest rate most commonly 
used in Federal Water Resources Project 
Cost Calculations 

TABLE IV- 2 

BENEFIT/COST COMPARISON 

Average Annual Average/Annual Total Annual Average Annual Benefit/Cost 
Costs* OM/R Cost Benefit (Max ) Ratio 

69,200 9,800 79.000 20.200 0.26/1.00 

67,100 12,200 79,400 23.700 0. 30/1. 00 

64,700 18,400 83,100 23,700 0.29/1.00 

92,200 9.,7.00 101,900 20,200 0.20/1.00 

- - - - - - - - - - - - - -, - ·- -· - -
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amortization rate for a 6 5/8 per cent interest rate. This means that 

an average of $69,200 for route 11 A11
, for example, must be invested 

annually to pay off the principle and interest on the loan to obtain the 

funds for the project. The payments would be spread over a SO-year: _· 

period. To this figure, average annual operation, maintenance, and ·•_ 

replacement costs were added to obtain the total annual costs. Maxjmum 

expected average annual benefits were then divided by total annual costs 

to derive the benefit/cost ratio. 

Cash Flow Analysis 

The following Tables (IV-3a-d) project a cash flow for each alternative. 

over the SO-year life of the project. The . timing and magnitude of bath -

costs and benefits are detailed. The annual rate of return on investment 

which is provided was derived through a computer program that took into 

account the cash flow Tables (see Tables IV-3a, - 3b, -3c, -3d.). The 

program assumed the investment would be spread over fifty years. Because 

the incremental benefits (cash flow) were negative, -the rate of return on 

investment is also negative. 
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Alternative "A" 
Feasibility 

Year Study 

0 $31,000 

1 

2 

3 

4c:F,,O 

Total 531,000 

Alternative "B" 
Feas ibility 

Year St;idy 

0 $31,000 

l 

2 

3 

4500 

Tota l 531,000 

Al terna ti ve "C" 
reas , bi Ii ty 

Yea r Study 

0 S31,000 

1 

2 

3 

4 sbo 
Totai 531,000 

,.1.1 ternative ''D" 
Feasib ility 

Year St..:dy 

0 S31,000 

1 

2 

3 

4 to 
I 5/J 

Total I 531,000 I 

I 

TABLE rv - 3a Cash Flow Anal ys i s 

Proiect Costs Total Value 
Capita l rtem: of Projec-c 
inc Eng. 0.M .& R Gross Costs (Gross Benefits) 

$31,000 

5699,000 $699,000 

236,200 5200 286,400 520,200 

$17,000 $200 $17,200 S20,200 

,$~60 ,600 s 460,600 S949,400 

s1,002,200 5461, 000 Sl,<l94,200 $989,200 

Average annual rate of return on 

TABLE IV - 3b Cash Flow Analysis 

Proiect co ~ts Total Value 
Capita l l terru: of Proje,:t 
incl. Eng. 0.M.&. R Gross Costs (Gross Benefi ts) 

$31 ,000 

.S699,000 $699,000 

'. 255,200 5200 $255,400 s 23,700 

Sl7,000 $200 517,200 s 23,700 

S578,100 5578, 100 Sl,113,900 

S971,200 $578,500 Sl,580,700 I Sl,161,300 

Average annual rate of return on 

TABLE IV • 3c Cash Flow Analysi s 

Pro.iect Costs Total Value 
Capi-ca l Item: 

R~ 
of Project 

incl. Eng. O.M.& Gross Costs (Gross Benefits ) 

531,000 

5699, 000 $699 ,000 

SC:21,600 $200 $221,300 S23,700 

$17, 000 S200 S17,200 $23,700 

S864,300 S864,300 Sl ,113,900 

5337 ,600 5865,200 31,333,800 Sl,161,300 

Average annual rate of return on 

TA BLE IV - 3d Cash Flow Analysis 

Proi ect Cod~ Tota l '/al ue 
Ca pita l r temsi of Project 
incl. Eng. 0.:-1.& R. Gross Costs (Gross Benefits ) 

531, 000 

S699,GOO 

I 
3699,000 

5532,500 SlOO 5532,500 S20,200 

$17,000 3100 517,100 520,200 

S455,900 5455,SOO 5949 ,400 

51,298,500 S456,100 '.:l,7S5,600 $989 ,800 
Average annual rate of retu rn on 
" 

Increroenu l 
3enefit 

(Cash Flow) 

-$31, 000 

- $699 ,000 

- 3256 ,400 

+ 53,-000 
. . 

+5488,?00 

-S5Q4>100 

investment _i-2.2% 

r ncrem~n ta 1 
Benefit 

(Cas h Flo:,,i) _ 

-531,000 

-5699 ;·ooo 

-5231,700 

+S6,SOb . 

+$535,800 

$419,400 

investment =- 1.9~ 

Incrementa l 

I Benefit 
(Cash r1ow) I 

-s:n ,ooo 
-$699 ,000 

-51 97 , 900 

+ S6,5GO 

I -'-5249, 100 

- Soi2,500 

investment .... 3. 0% , 

I 
Incremental I Senefit 
(Casn F1ow ) I 
- $31,000 

- 5659, 000 

-S5c2,400 

+S 3, lCO 

+S 705,000 

-S795,300 I 
inves-::.ne~-c = 3. Q~ 

I 
I 
I 
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Environmental Analysis 

Although the benefit/cost analysis does provide a method of 

evaluating the relative merits of a project on its direct monetar,y ·assets 

and liabilities, it does not assess the more indirect implications .. ·of 

the project, nor can it assess the more intangible environmental or -

social impacts. Thus, the following environmental assessment will . 

consider the apparent indirect and intangible aspects of the project. 

- Project Purposes. As was stated in Section I, "Defining Public 

Access", the basic purposes of the study were to: 

1) Define possible routes of connection. 

2) Determine additional public recreation benefits resulting from 
the project. 

3) Consider possible private development opportunities that would 
arise from the project. 

4) Discuss probable operation and maintenance factors. 

Further refining of the purposes were to state what the study would 

not accomplish , the study will not attempt to: 

1) Evaluate the rehabilitation or improvement of Black Hawk Lake. 

2) Consider raising t he level on Black Hawk Lake (by adjusting t he 
weir). 

3) Solve any water level problems on Black Hawk Lake relating to 
variable precipitation. 

4) Solve disputes over water well development in the area. 

Project Description. The channel would begin in the southwestern 

arm of Black Hawk Lake in the southwest quarter of the southeast quarter 

of Section 33, Wall Lake Township (T87, R36) and wou l d proceed in a 

southernly direction through the east half of Section 4, Viola Township 
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(T86, R36) to the large gravel pit in the northwest quarter of Section 

9, Viola Township (T86, R36), then crossing the county road in a s0uth

westernly direction to the large gravel pits in the southeast quarter 

of Section. a, Viola Township (T86, R36). 

Directly affected by the project would be 226 acres of state-o~ned 

land managed for wildlife habitat. (179 acres of land and 47 acre~ of 

wetlands), 160 acres of private land in the provost Slough Area, 504 · 

acres of private lands in the Finders Pits Area, and 4.1 acres of ~ 

private land northwest of the wildlife headquarters. The project would 

connect nearly 400 acres of private land west of the county road to 

the 975 acre Black Hawk Lake. 

Four possible routes were studied. (See Figure I-A). 11 A11 will 

generally parallel the Chicago-Northwestern Railroad, Route 11 811 will 

follow a previously excavated canal through the central swampy areas, 

Route 11 C11 will follow the present inlet channel, and Route 11 D11 will 

pass through the Arrowhead Lakes. 

Each route would be a navigational canal through both open marsh 

and old, quarried areas. Through the marshy slough and inlet areas, a 

100-foot swath would be cleared and dredged. Widths over dryland would 

depend upon the depth to the groundwater table. For most portions ~f 

alternatives 11 A11 and 11 D11
, an eight foot depth was assumed to be a typical 

depth. Lateral construction disruption would be held to a very minimum 

by every means possible. Route 11 811 would have a 76 foot maximum corridor 

over dryland. About four feet on each bank would be devoted to 
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vegetative shoreline protection, and the 20 foot plus side slope would be 

revegetated. 

Nearly twelve acres on the east side of the West Hallett Pits. ·complex 
-• .. 

adjacent to the county road, could be developed with camping, swimmi_ng, · 

and fishing access facilities at some future date. 

The private, residential development across the county road arDund 

the present quarry pit could begin independently of this project. If 

the connection is made, all water area and the lands underlying woul~ 

transfer to state ownership, along with some shoreline control. Pu:bl ic 

access would also have to be provided from the county road. This would 

amount to about ten acres. 

Environmental Description. After analyzing various sources of 

qualitative data, (soil surveys1 , resistivity data2, boring logs3 , field 

investigation and interviews3, and air photographs4) several natural 

phenomena become more apparent. 

1) The 11 Wal1'1 which formed Black Hawk Lake is an older Tazewell -

Aged glacial till sitting on the west side of Lake View (See Figure V-0) 

and Arrowhead Lake. An ancient watershed which drained the entire 

Black Hawk Lake area flowed in a southwesterly direction through the 

Hallett Pits area into the modern day boyer river system. The last · 

glacier left morraine deposits that probably constricted this ancient 

1 USDA, SCS Soil Survey for Sac County, Iowa, 1974. 
2. Iowa Geologic Survey Analysis, by Fred Dorheim dated July 1, 1977. 
3 Hoskins-Western-Sonderegger, Inc. staff, October & December 1978. 
4 ASCS Air Photographs flown in 1968. 
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val ley, and out\vash sands and gravels spe\-1ing from it clogged the 

drainage and diminished its watershed so much that surface water could 

no longer flow freely through the old valley. Water backed up into 

the upper reaches of this gl acially-modified watershed. Thus, Black 

Hawk Lake and the Hallett corridor were fonned. (See Figure 1) 

2) The present Hallett corridor is generally about 2300 feet .wide. 

It is bisected longitudinally by both a paved Sac County Road (M-54') 

and the branch line of the Chicago-Northwestern Railroad. These two 

transporation rights-of-way further constrict the corridor to 1500 

feet east to west. 

3) The OYerburden thickness (depth to sand and gravel) thins to 

the west and groundwater depths increase as the ground elevation rises. 

The better gravel deposits are situated west of the trail paralleling 

the railroad tracts and underlay the higher terrace. However, most of 

these deposits have been removed. 

4) Nearly all of the corridor has been quarried for sand and gravel 

or dredged (see Figure IV-E) or the surface drastically altered in some 

way the western shoreline of provost slough is a prime example. Only 

a low narrow corridor through the center has not been significantly 

changed according to the soil survey. 

5) A significant wetland habitat continuum exists con necting · 

Provost Slough with the large marsh to the south. This open water/marsh 

corridor is about 500 feet wide until it reaches the Provost Slough 

shallows or the marsh. However, not all of it i s on public ground. 

Parts of it have been dredged and have silted in nearly two feet (1916 
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depths were four feet and present depths average two feet). 

6) Access to the east side of the corridor is severel y l imited; 

while the western side accords easy access. 

7) Because groundwater is lo.,., in the organic nutrients needed t o 

sustain fish and other aquatic populat ions, and productive littoral·z.ones 

are very limited, the gravel pits in the area are not highly productive. 

Even though ground,..,a ter fl ml/s contribute a great dea 1 to the volume ·of 

Black Hawk Lake water, the natural lake's productivity is higher because 

it receives substantial nutrient loads from overland runoff (the grave l 

pits receive very little, if any) and the natural lake is over 10,000 

years older. 

This is not to say that large fish are not commonly caught in both 

East and West Hallett Pits. But productivity as expressed in pounds of 
.. 

harvestable fish per acre is lower in the pits according to local 

fisheries biologists. 

Black Hawk Lake has another problem which historically has adversely 

affected sportfishing species' populations -- winter kill. The lake is 

very shallow, generally not more than six (6) feet in depth. Winter ice 

and snow cover result in low oxygen level. The oxygen demand in the 

lake bottom sediments and septic leachate (most of the lakeside cottages 

have only recently been serviced with sanitary sewers) deplete the oxygen 

supply below the ice to the point that only low oxygen tolerant spec1es 

such as carp, buffalo fish, and bullheads survive. 

Water samples and their locations are found in the Appendix. 

8) The West Hallett water level, depending on what period of the 

local water cycle is being described, is 2.3 feet above the Black Hawk 
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Lake level. When the Rural Water District Wells are placed in opera-tion, 

the difference in elevation would be nearly 0.7 feet less with maximuri1 

pump discharge. The connection itself would lower the hydrologic head 

another 0.4 feet. 

9) According to the 11 Five-year Development and Operation Plan ''. for 

the Lake View Game area (Hallett Corridor) there are fifty-eight (58) 

acres of woodland habitat. This represents about one - third of the land 

area in t he state owned portion of the Hallett Corridor. The ~vooded ·· 

area is generally west of the trail. Tree species are mainly cotton

wood and silver maple with some box-elder, green ash, sycamore and 

walnut. These species are representative of Mesic Bottomland Plant 

Associations of the Midwest. They have established themselves on the 

spoil piles and disturbed areas after quarrying had stopped between 

thirty and forth years ago. 

The understory is not thick and is typical of a late seral stage of 

mesic bo t tom land habitat. Brushy growth on the edges and less densely 

grown woodlands consist of sumac, dogwood species, raspberry, and mulberries. 

The cottonwood· and silver maple were the pioneer species in this 

area. They are very prolific and are able to withstand the hostile 

environment found on the spoil piles and disturbed areas, they were able 

· to estab l ish conditions conducive for other species. As this habitat 

evolves, cottonwood and silver maples will become less important and 

oak, map l e, ash, and walnut will become more prominent. 
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Although the habitat is not pristine by any means with t he previ ous 

dredging and quarrying operations, it does support a wildlife population, 

and receives considerable public users by hunters and non-consump~~ve users·. 

As evidenced by the numbers of birdwatchers and hunters a substan-t.ial 

population does exist. 

If animal tracks and droppings and hunter activity is a general 

indication of habitat productivity, then the area west of t he central 

trail through the connection corridor (the spoils and remains of the 

high terrace - see Figure II-C) is not a highly productive area. Few 

w.i nter signs were evident, where as to th_e east in the marsh and bo·ttom-

1 ands abundant animal activity was noted. Muskrat lodges, pheasants, 

small rodents' and other fur bearers' tracks were evident everywhere. 
.. 

10) After viewing both a 1916 fi.eld survey with general Black 

Hawk Lake bottom depths, and very recent lake bottom contours, very 

little real difference can be noted in the central and eastern bay 

areas. The real changes are noted in the northwestern bay where 

dredging and filling have altered the natural contours. In Provost 

Slough and the Inlet Channel, up to two feet of siltation was noted. 

Thus, siltation does not seem to be a major problem in the l ake 

proper, but only in the Inlet which acts as a large silt trap for the 

lake. Here t he flow gradient flattens out, the channel cross-section 

widens considerably, and vegetation al so serves to slow down f l ows. 
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This is not to say that sediments do not reach the l ake; they do. 

However, any connection which would utilize the Inlet would be subject 

to high sediment rates and would increase sedimenta t ion to the lake if 

proper considerations were not taken. 

Environmental Impact. Depending on route selection any where-from 

210 acres to 4.1 acres of private land would be acquired to complete 

the connection. Alternatives 11 A11 and 11 011 would need the 4.1-acre 

Leitz property east of and adjacent to the ra i1 road right-of-way and

north of and adjacent to the east-west county road. About 1.4 acres 

would be needed for the channel and sidesl_ope, the remaining 2.7 acr_es_ 

for a spoils pile. Presently the land is occupied with a deteriorating 

maintenance shed and scattered rubbish. Route 11 B11 would need nearly 

90 additional acres, 40 of which are open water and marsh in upper Provost 

Slough and the balance is the Finder 1s Pits and Quinn and Company property, 

nearly all of which is under water or easily flooded and generally always 

wet. "Alternate 11 C11 would require 210 acres of land (the 50 acres in 

the Finders - Quinn area and 160 acres along the Inlet through Provost 

Slough). Acquisition costs would vary accordingly from S63,000 in 

alternative 11 C11 to $1200 for both 11 A11 and 11 0 11 ~ In all cases the land 

is non-productive in an agricultural sense, being marshy or under water. 

Underlying gravel deposits have long since been tapped or are commercially 

sub-marginal. 

*Included in these costs are abstracting and surveying fees. 
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Several dry pits of about 1.3 acres t ota l in area al ong t he east 

line of the southeast quarter Section 5 Yiola Township (T87, R36 ) could 

be used as spoils dumps. These sites would have to be purchased in 

fee or easements acquired. 

Alternative 11 011 would have to pass under the Chicago-Northwestern 

tracks twice. This would add considerable cost to this alternative .if 

the railroad right-of-way was not abandoned. Maximum development would 

provide from between 7200 and 7500 annua l recreation visits. Average 

annual monetary benefits would range from $16,200 to $23,700 depending 

on which alternative is selected. Costs involved in developing the pro

posed recreational area are estimated to be nearly $17,000. These costs 

would provide mainly boating access and parking at two sites. Access 

- roads are already present on both sides of the north/south county road. 
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Developments for boating and fishing activity in the East Hall ett Pi t comp l ex 

could conflict with wildlife due to the genera1 points described in Table 

IV-4. 

Sediment Contro l 

Recrea t i ona 1 Us es 

lli ld l i f e 

TABLE IV-4 

INTERCOMPA TIB ILITY OF HUL TI PURPOS E 
WATER RELATED USES 

PRIMAR Y USE {S) 

RECREATIONAL USES 

Ponds for recreational use 
wi ll prec i pitate sediment i f 
on~hanne 1 , but this may re-
duce recreational value. In-
stall sma 11 pond upstream t o 
precip i tate l arger sediment 
and reduce drawdown . 

Recrea ti ona 1 ponds may have 
s ome value f or tolerant 
wil dli fe spec i es if wild life 
dens ity is kept fa i rly low . Wa-
ter ' s edge treatmen t might 
present conflicts. 
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On-channe 1 wi 1 dl i f e pond •,1 i 11 
precip ita te sed i ment . whi ch 
wil 1 t end t o smothe r bottom 
veget~t ion . 

Recrea ti ona 1 uses and wild l ife 
are compa t i ble if wildlife are 
speci es •11hi ch to l e r ate di stur-
bance . This may impos e mi nimum 
size res trict ions for s hy 
speci es or may make qui e t area s 
necessary. 



By making the hydrologic connection between Black Hawk Lake and 

the West Hallett Pits will raise Black Hawk nearly 0.1 feet and lower 

the whole Hallett Pit area water level nearly 0.4 feet. An outside 

influence in this matter is the Rural Water District water well at.~ivity 

south of the pits. Once fully operational at their maximum legal · · 

pumping rate they could lower the pit water levels another 0.7 feet. 

Thus, the ultimate difference between water levels in the two water 

bodies will be halved from 2.3 feet to 1.1 feet. Water tables remote 

from the pit area will be affected according to the scheme detailed 

in Appendix E. During wet years the water levels in the marsh could 

be lowered as much as 0.7 foot due to weli activity (infiltration from 

the feeder stream is not taken into account). Influence on the marsh 

water levels due to the connection would be insignificant. All alter

natives would have the same impact magnitude. 

The open marsh and wetlands of Provost Slough and along the Inlet 

corridor, as previously stated, are relatively highly productive. The 

area of channel dredging disruption is directly proportional to habitat 

distruction. A relative ranking of habitat impact (lowest to highest) 

would be 11 011
, (2.9 acres ) , 11 A11 (5.5 acres), 11 811 (13.9 acres), and 11 C11 

(20.l acres). (See Figure IV - F and Table IV - s): Alternatives ."A11 

and 11 011 would pass through four to six small, abandoned gravel pits .. · 

These areas are comparatively low in fertility and diversity and therefore 

do not represent a high quality habitat. Furthermore, these small pits 

cannot support fish populations due to their susceptibiiity to winter kill. 

Alternative 11 811 would follow an old, shallow canal which would not sustain 

fish populations due to its shallowness. Thus, no permanent hab i ta-t impacts 
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should occur in these three instances. (A,B, and 0) 

All of alternative 11 C111 s impacts are to wetland (marsh) habitat, 

although to connect the various lakes some excavation (7.5 acres) is 

necessary. Alternative 11811 would affect over 8.2 acres of drylari( 

habitat along its 6400 foot length of land dredging. Most of this ·is· 

in grass and forbes vegetation with scattered cottonwood and box-elder 

along the channel banks. 

Alternative 11 A" would eliminate 14.0 acres (6100 lineal feet) of 
I 

bottomland habitat. The southern 2.5 acres would not remove any 

overstory since it would follow an existent sixty-foot channel. A 

few small trees and understory would be removed and the root systems 

of the overhead cottonwood would be damaged. The middle 7.0 acres 

(3000 feet north of the county road and directly adjacent to the rail

road right-of-way) consist of thickets of willow and elm sapplings, 

generally not more than twenty feet tall or six inches in diameter. 

Interspaced within this portion of the route are some wildlife (sorghum) 

plantings. The understory is mainly grass and forbes. The better 

woody habitat is found in the northern 4.5 acres (2000 feet) which will 

interconnect the small gravel pits. Some trees could be saved by 

constricting and/or altering the channel centerline. 

The northern 3.0 acres (1300 feet) of alternative 11 011 would 

encounter the same situation as was found along the northern 4.5 acres 

of alternative 11 A11
• The southern 5.3 acres are the same for both 11 A11 

and 11 011
• The bulk of route 11 011 would pass through Arrowhead Lakes, an 

isolated gravel pit which lies between the railroad tracts and the 

county road. 
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The connection corridor is in essense the Lake View Game Area -

Hallett Pits complex managed by the Black Hawk Wildlife Un it. It i s 

comprised of 226 acres of scattered woods, interspered with small, 

abandoned gravel pits, grassey areas and marsh. The 88 acres of lind 

south of the east-west gravel road (The Hallett Pits Complex) for!J1erly 

a part of the privately-owned Hallett operation, is open to publi~ 

hunting. The headquarters of the Black Hawk Wildlife Unit and techtiician 

residence are located here. The 27 acre area north of the centerline 

of Section 4, Viola Township, and all land west of the central trail, 

including most of Arrowhead Lake, is managed as a wildlife refuge; .no 

hunting is permitted. (See Figure IY-G) 

The lands which would be acquired are non-productive land, mostly 

abandoned gravel pits, with little underlying gravel resources, or are 

seasonally wet to permanently marshy. Land use could best be described 

as open space. 

Alternative 11 A11 would remove 4.5 acres (one-sixth) of the wildlife 

refuge land. It would also displace 9.5 acres of hu nting habitat (4.7 

percent of the area). The hunting and wildlife resource would be 

diminished in direct proportion to the displacement. 

The 8.4 acre displacement involved with alternative 11 B11 represents 

4.1 per cent of the game area. If the additional private lands were . 

i ncluded the total disruption would be 17.9 acres or 6.2 per cent of 

the total area. 

Si nce the bulk of the dredging for alternative 11 C" 1,1ould be outside 

the state-owned game area, its impact to the game area must be cons idered 

with the additional land needed. Thu s, its 20.1 acre dredge equa l s 4.9 
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per cent of the game area habitat resource. 

Alternative 11 011 would require 10.8 acres (4mO of the wildlife 

refuge and 9.2 acres (4.6%) in the hunting area. 

None of the alternatives should change the bas i c land manage-me·nt 

of any of the state-owned land. Some attention would have to be f°oc-used 

on erosion control maintenance and avoidance of recreational/wildlife 

interfacing impacts if more boating and fishing activities are to occur. 

The present fisheries management programming would be hard pressed by · 

this project. In the near future the local fisheries biologist plans 

to renovate the surviving, unwanted species in Black Hawk Lake Finders 

Pits, the East Hallett Complex, and Provo~t Slough so that sport fiih · 

can be re-established. If the connection were made to the West Pits, an 

increase in the costs of this project would be at least 23 per cent. 

No increase in fishing opportunities or resources is projected 

because of the connection project. Fish should not migrate from a rela

tively rich environment (Black Hawk Lake, Provost Slough) to the infertile 

surroundings of the former gravel pits. Although the channel should be 

deep enough to support a fish population, it too will not be as fertile 

as Black Hawk Lake. 

With a 11 No-wake 11 boat speed policy to be in affect, (to minimize 

shore erosion and maximize user safety) a boat ride along the entire -

channel would take around twenty minutes.* Speed regulations in the channel 

would have to be enforced. Trash clean up efforts would have to be increased. 

The project would have little effect on the two major local concerns; 

water well use to the south and the lack of qua l ity pleasure boat and 

*2.5 mile length¼ 7.5 miles = 0.33 hours (20 minutes) 
hr 

51 



fishing opportunities in Black Hawk Lake. The connection would possibly 

drop the water elevations in the pits as much as 0.4 feet. The influence 

from the water well activity on the pits is greater, on the order of 0.7 

foot decline. 

Black Hawk Lake is a naturally shallow, glacially-induced phe11omena. 

Due to its relationship with the surrounding watershed, it will always 

act as a sediment trap. In fact the area through which the connection 

would be made acts as the main recepticle for sediment moving toward the 

lake. About 2.0 inches are deposited annually in the existing Charinei 

and Slough. Historical records indicate that littl e additional sediments 

have entered the lake proper for the last sixty years. The project _~ill 

not change this relationship unless the Inlet alternates 11 C11 or 11 811 are 

selected; under these alternatives, sediments would more easily enter 

the lake itself. 

Lake levels are partially regulated by a weir at the east end outlet. 

The connection would raise the lake level about 0.1 feet which is insigni

ficant as far as pleasure boating or land management problems are concerned. 

By actually creating 23 per cent more lake area, water levels fluctuating 

would tend to stabilize somewhat, but would still be closely tied to 

precipitation variations. Because the West Pits area is not large enough 

to support quality ·water skiing use, the future residents around the lake 

would take their boats to Black Hawk Lake (via the connection) to ski. 

Thus, the connection will not materially affect the present-water quality 

and recreational opportunity difficulties the lake is now experiencing. 

Except during and immediately following construction, air and water 

quality would not be si~nificantly impacted. 

The immediate corridor connection area is not known to have any 
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hi stori ca l or archaeological significance. 

Table IV - 5 shows the absolute magnitude of impact for each alterna

tive . 

Comoa ra t i ve 
A 1 t ernate Lengtn 

Ro ute (Fee! : 

A 11,920 3 

B 12 ,oOO 3 

C 12,300 3 

D 12,700 3 

A 1 ter:ia te 
~oute Land Ar~~ Reo uired 

A 2.0 

a 2.0 

C 2.0 

u 2.0 

,_"'n~~!'"~c: ion 
,o:~ 1 

.-\ l ternate J r e-:gi ng Vol ume Tota l Cose 
?ou:e ( c~ . '! CS. ) ' S ) 

A n4, 0CO 23,:00 

a 200. ~JQ 30,400 

C 157,1:J() o4 ,5ca 
0 124,900 33 ,300 

*Av erage Annua 1 Estimate 

C 

J 

J. l 

o.: 

" . V , l 

Lo• . .;er Loca 1 
;, ~ ,: ! eve 1 s 

0.4 

I 

ASSOLUTE IMPACT COMPAR ISQrlS 

Br i dcre Reau i rem en ts Lano Rights 
Coir.pac1 oi ii ty r'i l C!i ~cquis i t ion · -~a i 1 road 

Cos t Est . P~esant Sv S!!!!ll /kres ) '. n•ro l verr:ent 

$186,,JQQ i·tus t au i 1 a Tv10 New 4. l .,·~one. 
aridges ~ ~1 evate . 
One 

$197,000 Must Build One New 210 ;'lone 
Bridge & El evate 
Two . 

$197,000 i~ust Sui 1 d ne :1ew 90 None 
Sricge:. Elevate 
Two 

$186,000 Must 3uild Two i·lew -+. l .-7wlce 
§ridges & Elevate 

Recre;! tion 
Annua 1 1< ecreat1on ,., verage "nnua 1 

Devel ooment Cost '/ i si tat ions Provi ded !l.a-:rea ~ ion a 1 aenef i t s 

$17,000 7,200 520,200 

Sl7,000 7,500 323,700 

S17,COO 7,:00 S23,700 

$17,000 7,200 SZ0,200 

I 

Shore li ne ?r-ir.e,: : i cn Ocerat ion. i•la in t;r. ,:t 11 c~ " Reo l c ce.rnern:• 
t..c: r.o :n ~ecreo. c 10n vnan ne 1 '"' r ecge ~nore i 1 ne Total 
/ Fee t) s s ) ) s 

d, l Ou !!2 ~ 300 3,ECO 6, JOO ~:JO s ~. 800 

9, 20,J -.8,SOO 3, 700 3 ,dQQ 200 51_2 ,300 

6,500 51,500 3,700 14,500 ,co 518.,~C0 

5, 000 25,200 },600 5,000 :oo 9, i OO 

Adverse Lnoec:s 
:-lars h I 

l-:ao i tat Dry Lc: nd 
0i1 r~c t ·on )i sr~o t io n 

13. 9 

20 . l 

2. S 

8.2 

:, , 3 

Cou1v:! l ane 
0ua 1 i :·: 

Aooav !-!ct ; ta t 

3. 9 

2.3 

Q. 3 

z. l I 

·,1; ! o ii fe ~efug e 
.!.c::;~1si : ion anc 

.=~ ri:: en~.1 ,:: e 

..;. . 3 (17) 

,J \ 0) 

J ' 1 ) 

1:.z \ .1Q) 

7ot .; i :-i.;.0 1 :..;~ 
~emovea 

:J . 3 \ 4 . 7) 

17.-9 (0.2 ) 
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Mitigating Measures 

Specific mitigating measures are difficult to identify during the 

planni ng process but several steps have already been evaluated and-· 

general design concepts have been devised. The pre-construction ·m_easures 

are: 

1) Evaluating several channel cross-section configurations for 

their impacts and feasibility. 

2) Arriving on a channel design concept which should have enough 

depth (eight feet) to support a fish population year-around and would 

minimize lateral habitat disruption. 

3) Devising a shoreline protection ~rogram which would minimize 

wave action erosion, which would also minimize the recreationa1/wildlife 

interface impact and serve as a compatible backdrop to the rest of .its 

surroundings. 

In general, several construction practices should be followed which 

would attempt to minimize impacts: 

1) Bridge design would be coordinated with Sac County construction 

schedules and design. 

2) Precise centerline alignment and channel width would attempt to 

preserve as many mature trees and woody habitat as possible. 

3) The flagging of the maximum lateral extent of the channel, ~o that 

the edges could be shaped with an earth scraper to the desired slope, would 

minimize construction impacts outside the right-of-way. 

4) Natural indigenous plant materials would be used to re-landscape 

the sideslope. Top soil would be stockpiled to help in re-establishing 

natural cover. 

54 

I 
J 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

WESTERN LABORATORIES 

Materials Engineers 
825 "J" Sire et L i ncoln, Nebraska 

BORING LOG 
Bor i ng Me t hod : 6- i n. continuous fli gh t aug er 

PROJECT 

Black Hawk Lake, Iowa 

Standard Penetrat i on Test Bar ing Na. 1 

Undisturbed Sa il Sampler: 3- in. o.d. thin-walled tube 140-lb. Hammer j 30-in. Fall j 2- in.o.d.Split-borret Sampler Shee t 1 of 1 

w=Moi sture Content, ¾I D•Dry Dens ity, pcf Penetra tion Res i stance : N•Blows per f oot . Date : 10/25/78 
El evation 

---

601 - a 

De pt h 

0 ------

Group 
Symbol 

CH 

Descr i pt i on of Mater i als 

Silty clay; black; wet; high 
plasticity; medium stiff. 

1.S:7----+---------------------1 
------

3 ---------
5 ----------------
~ 

---------------------------------
46 -----------------
so --

CL Sandy Clay; 30 to 35% fine 
sand; dark grayish brown; very 
wet; medium plasticity; soft. 

SM Silty Sand; 25 to 35% fines; 
fine to coarse with some grav

_el; saturated; slight plastic
ity; loose. 

SM Silty Sand; 15 to 25% fine to 
coarse sand; saturated; loos·e. 

z__,,---

GP 

v 

Gravel; coarse with cobbles; 
saturated . . 

Sample Blows 
No. 

-

-

... 

... 

-
... 

... 

... 

... 

,--

... 

-

-

-
... 

... 

... 

... 

Remarks 

10:45 

Water level@ 2.0' 
25 hrs. AD 
Water level@ 2.5' IAD 

Filled and Capped 

Similar to 
Composite B-10 



WESTERN LABORATORIES 
Mater i als Engineers 

825 "J"Strett l. l ncoln, Nebraska 

BORING LOG 

PROJECT 

Black Hawk Lake, Iowa 

Bor i ng Method : 6- i n. cont i nuou1 fl l oht ouotr Standard Penetrat i on Test Barino No. 2a 

Und isturbed Soi'! Sampler: 3- in. o.d. t hin-walled tube 140-lb. Hommer J 30-ln. Fall 12-i n.o.d.Spllt-barrel Sampler Shut 1 0 f 1 

w•Moisture Contenl, ¾ I O• Ory Density, pcf Penelr·at i on Resistance : Na8lows per foot Data : 10/25/78 

Elevation 

-

-

601 - 0 

Depth 

0 ---------
2 --------------------------

Group 
Symbol 

GP
GW 

-V ~ 
--------------------------------------

46 - CL -----------------so -

Descr i ption of Materials 

Fill off of railroad slope. 

Gravel; fine to coarse with 
some sand and cobbles; sat
urated; medium dense. 

Sandy Clay; 25 to 30% fine 
sand with some gravel and cob
bles; dark olive gray mottled 
with gray; saturated; very 
stiff; medium plasticity . 

Sample Blow• 
No. 

,-

,-

,-

._ 

-

-

-

-

-

-
,-

,-

,-

,-

-
-

-

-
-

._ 

Remarks 

Water level@ 2.0' IAD 

Composite B-2a 

2 1 tO 46 I 

Same as B-7 and 
B-Sa 
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WESTERN LABORATORIES 

Ma t eria l s Eng i neers 
8 2 5 "J • St r eet Li nco l n , N ebraska 

BORIN G LOG 

PROJECT 

Bl ack Hawk Lake , Iowa 

8 or i n g Me I !'Io d : 6- 1 n. con 11 nu OU s f I I g h I o u Q er S t anda r d Pe netr a ti on Tes t Bo r ing No. 2 

Und isturbed Soi l Sampler : 3-in. o.d. t hin-wa ll ed t ube 140- lb. Hammer j 3O- in. Fall ! 2-in. o.d. Split-barre l Sampler Sh•et 1 of 1 

w • Mo-i sture Con t ent , % I O• 0ry Density , pcf Penetrat i on Res l s f ance : N•B l ows per f ool Dale : 10/25/78 
El evation 0e plh Group 

- 0 
Symbol 

- CL--- CH -
1 -- CL-

- CH -
2 - CL--- CH ------
4 -- SM - (SC) ----------------------
~ ~ -

-------------
37.s: 

-- CL 
---------40 -- SM ----

41. s: 
-- CL 
-------------

45 -

60 1 - a 

Descr i ption of Materials 

Silty Clay; black; moist ~o 
we~; medium.~to high plasticity; 

,.,;~111m <::-rTT,-

Sandy Clay; 20-25% fine sand; 
dark brQwn; wet:; medium to high 

l ::, c:-t-, r-,-rv· mor1111m 

Same but brown. 

Silty (or Clayey) Sand; 30-40% 
fines; medium sand to medium 
gravel; saturated; slight plas
ticity; loose with some coarse 
gravel. 

with an occasional 
clay seam 

Sandy Clay; 25 to 30% sand 
with some gravel and cobbles; 
gray (blue); saturated; stiff. 

Silty Sand as 4~37.S ' above. 

Sandy Cl ay as above ; 
37. 5~40

1 

Sampl• Blows 
No. 

-

... 

... 

-
... 

-

-

-

-

-

-

-

... 

... 

... 

Remarks 

Water level @ 3. 0' IAD 
Water level ·@ 3.0 ' 3.0 
hrs. AD 

Filled and capped 

Composite B-2 

4' to 37. 5' 



WESTERN LABORATORIES 
Materials Eng ineers 

PROJECT 

Black Hawk Lake, Iowa 
825 "J• Sire et L i ncoln, Nebraska 

BORI N G LOG 
8 or i n g Me th od : 6- i n. cont I n u OU S f II g ht au g I r Standord Penetration Test Bor ing No. 3 

Undisturbed Soil Sampler : 3- in. o.d. thin-walled tube 140-lb. Hammer l 30- in. Fall 12-in.o.d. Spli t-barrel Sampler Sheet 1 0 f 1 

,,PM o iHu re Content, "I. I D• Dry Dens i ty , pct Pene tr a ti on Res i stance : N•Slows per foot · Dote : 10-25- 78 

EI• vat ion Depth 

- 0 ---
1 -

----2 --------
4 -

----5 ----6 ----7 -. 
---------------------

12 -
----------------------. -

17 -
----

-
25 -

60 1- a 

Group 
Symbol 

CH 

CL-
CH 

CL 

CL 

CL 

SM-
SC 

SM
SC 

SM 

CL 

Description of Ma1tr i ats 

Silty clay; black; very wet; 
high plasticity; medium. 

Sandy clay; 15 to 20% fine sand 

Sample Blowe 
No. 

-
saturated; dark brown ; medium t1 higl phstici ty; soft .. · 

Silty clay; 10 to 15% fine sand, 
pale brown; saturated; medium 
(to high); soft. 

Sandy clay; 30 to 40% fine sand 

... 
Water Level;@ 2' 3 hrs. 
After Drill i ng 
Water Level @· 2.5 ' IAD 
Filled and Gapped 

pale gray; saturated; low to mec ium JDlas icity; soft to medium. 

Same as 2 to 4 above but 
brown. 

Silty (or clayey) sand-gravel; 
40 to 50% fines; fine sand to 

\f~ne gravel; saturated; slight 
. \Plasticity; very loose . 

Same but 35 to 40% fines. 

Silty sand-gravel; 15% fines; 
medium sand to medium gravel; 
saturated; loose. 

Sandy clay ; 25% fine sand with 
occasional gravel; saturated; 
medium plasticity; medium 
stiff; (Blue Clay) 

-
-

-

-

.... 

-
-

-

-

Similar, to 
Composite B- 2 

I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J 
I 
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WESTERN LABORATORIES 

Mate r ial s Eng i neers 

PROJECT 

Black Hawk Lake, Iowa 
8 25 "J" Street L i ncoln, Nebraska 

BOR ING LOG 
Bor i ng Me t hod · 6- i n. cont i nuous f li ght OUQ8 r Standard Penetra ti on Test Bor ing N a. 4 

Und is t urbed Soi l Sampler : 3- in. o.d. t hin-wa ll ed tub e 140-lb. Hammer l 30- in. Fa ll j 2- i n.o.d. Spllt-barrel Sampler Sheet 1 of 1 

wz-Mo- i sture 

El evat i on 

-

-

601- a 

Content , ¾ j D• Dry Density , pc f Penetrat i on Res i stan c e : N•Blows per f oot . . Date : 10-24- 78 

Depth Grou p 
0 Symbo l 

::. CL 
---1 ,... -

• ::> -
CL ----------

4 -
: SM 

Description of Ma t er i als 

Silty clay; very dark gray; 
wet; medium plasticity; medium 
stiff. 

Silty clay; dark gray brown; 
10% fine sand; wet; medium 
plasticity; medium stiff. 

Silty sand; 50% fines; medium 

Sample Blows 
No. 

-
-

-

5 
-- to coarse with gravel; saturate<, lo<se. 

: SM Same but 15 to 20% fines. 
--------------

8.5 =-;...--..-----------------~ 
- CL Sandy clay; 15 to 20% fine --------
-----
----
-13 - CL --------------------------------20 -

sand with some gravel and 
cobbles; gray (blue ) ; satu
rated; medium plasticity; 
stiff. 

Same as above but very stiff 
and 2S to 30% sand. 

-

-

-

.... 

... 

-

-

-

.... 

.... 

.. 
Rem.arks 

Water level :@ 3' 10/25/78 
Water level@ 3 . 5' IAD 
Filled and Capped 



WESTERN LABORATORIES 
Materials Engineers 

825 "J" Streel Lincoln, Nebraska 

BORING LOG 

PROJECT 

Black Hawk Lake, Iowa 

Sor i ng Melhod · 6- l n. conlinuous flight ouge r Standard Penetration Test Bar ing Na. 5 

Undisturbed Soil Sampler : 3-in. a.d. thin-walled tu be 140-lb . HammerJ 30-in. Fall j2-in.a.d.Split-barrel Sampler Sheet 1 0 f 1 

w=Moisture Conlan!, ¾I D•Dry Density, pcf Penelratlon Resistance: N•Blows per foot . . . Data : 10 - 24-78 
Elev at ion Depth Group 

- 0 Symbol 

: CL 

1 - CH --------3 - CH -------
s -

- CH -----6.5 --- CL--- CH --
8 -

- SM -------
10 -

-- SM 
--------

-~ ~ / ------19 - CL --
20 -

- SM -----
- 21. 5: 

- CL --------------25 -

601 - a 

Description of Materials Sample Blow• 
No. 

Fill: Silty clay; road 
cover. 

Silty clay; black; high plastic 
ity; saturated; soft. 

Silty clay; light gray; satu
rated; high plasticity; stiff. 

~.11ty clay; dark gray brown; 
brown; gray; saturated ; high · 
plasticity; stiff. 

Sandy clay; 20 to 25% sand; 
saturated; gray (Qlue); medium 
to high plasticity; stiff. 

Silty sand; (maybe clayey sand) 
gray; 40 to SO% fines; satu
rated; loose. Fine to coarse 
with some gravel. 

Silty sand; 25 to 30% fines; 
fine to coarse; saturated; 
very loose. 

S_a_n_d~y_c_l_a~y~; 20 to 25% fine 
sand; gray (blue); saturated; medium 
Silty sand; as 10 to 19 above. __ .a.._ ___ _ 

Sandy clay; 25 to 30% fine sand 
with some coarse sand; gray (bl~e); 
saturated; medium to stiff. 

-

-

-

-

-

-

-
-

-

-

Remarks 

Water Level ·@ 4' 10/25/ 78 
Filled and Gapped 

Composite B-10 

10' to 19' 
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WESTERN LABORATORIES 
Materials Engineers 

825 "J" Street • Lincoln , Nebraska 

BORING LOG 

PROJECT 

Black Hawk Lake, Iowa 

Bor i ng Me t hod · 6- i n. c on ti nu ou s f l ight auQ t r Standa r d Penetra t i on Tes t 9o r inQ No . Sa 

UndiS!u rb ed S o il So mp i er : 3-in. o.d. t hin - wa i l ed t ub e 140-lb. Hammer l 30-in.Fall 12- i n. o.d. Splil-b arrt l Sompl er Sh eel 1 0 f 2 

w = Mois t u r e Co nten t, "I. I D•Dry Dens i ty , pc f Penetrat i on Rts i s l anee : N• Blows pe r f oot Date : 1 0/25 /78 

El11vat i 0n Oe pt h Group 
Symbo l 

~ 0 - CL -------------
3 - GP ---- SP --------

y ~ ~ ---12 - GP--- SP ----------
15 .....;; 

--------
------------------------- --

22 -- CL -----------
25 -

601 -a 

Desc r i p ti on of Ma t er i a ls 

Siltz Cl az; with some gravel; 
moi st; very dark grayish brown ; 
medi um to stiff. 

Sand-Gravel; some fines ; fine 
sand to medium gr avel; moist 
t o wet; medi um dense . 

Sand- Gravel; medium sand t o 
coarse gr avel; saturated; 
medi um dense . 

Sandz Clay ; 25 t o 30% fine 
sand with some gravel; gray; 
saturated; medium plas tic i ty; 
sti ff. 

Sample Blows 
No. 

-

-

-

... 

...._ 

... 

,-

... 

,-

-
... 

... 

... 

... 

-

-

-

-

-

Rem arks 

Wat er Level @ 12 . 5' 
LI\D 

Composite B- 2a 

12' to 22 ' 



WESTERN LABORATORIES 
Materials Engineer s 

825 "J" Street L i nco l n, Nebraska 

BORIN G LOG 
Boring Me t hod : 6- i n. c ont i nuous fli ght ou91r 

PROJECT 

Black Hawk Lake, Iowa 

Standard Pene t ra ti on Tes t ao r ing No. Sa 
Undisturbed Soil Sampler : 3- in.o.d. thin-walled tu be 140-lb. Hammerj 30- in. Fall J2-in.o.d. Split-borre l Sampler Sheet 2 of 2 

w=Moisture Con te nt , •1. j D•Dry Dens ity, pcf Penetration Resistance : N•Blows per f oot 
_. 
Date : 10/25/78 

Elevation Depth 

- 25 ----
26 --------------
29 ----
30 ---------------------------------

---------------------
41 -

. -----------------
45 -

601-a 

Group 
Symbol 

CL 

SP-
SM 

CL 

Descr i ption of Materia l s 

Same as above. 

Sand-Silty Sand; 10 to 15% 
fines; fine to coarse with 
some fine to medium gravel; 
saturated; loose. 

Same as 22'-26' 

SP- Same as 26~29'but also with 
SM some cobbles 

CL Sandy Clay; 25% fine sand with 
some gravel and cobbles; dark 
olive gray mottled with dark 
gray and yellowish brown; 
saturated; medium plasticity; 
very stiff. 

Sample Blow• 
No. 

-

.... 

-
-

-

-

-

-

-

.... 

Remarks 

Similar t ,o 
Composite B-10 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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WESTERN LABORATORIES 

Materia l s Engineers 
825 "J" Street L i n c o l n , Nabraska 

BORIN G LOG 
Bor i ng Me th od · 6- i n. c on tinu ous fl i ght auger 

PROJECT 

Black Hawk Lake, Iowa 

Standard Panetra ti on Te s t 

Undis1urbed S o i l Somp l er : 3-in. o.d. t hi n-wa ll ed. tube 140-lb. Hammer l 30-in. Fall 12- in.o.d. Split-b arrel S a mpler 

Boring Na. 6 

Sheet 1 of 1 

-,. =Moi sture Contenr, "t. j D•Dry Density , pcf Pene tr at i on Raslstance : N•Blows per f o ot Date : 10- 25- 78 

El ev at i on 

.60 1-a 

Depth Group 
Q Symbo l 

: CL 
----

Dncription of Mote r i als 

Silty clay; black; wet; medium 
plasticity; medium stiff. 

Sample Blows 
Na. 

1.5 --.---+----------------◄ : CL ----.., -
.) 

- CL ---
4 - SM ---------------

7 . 5 -- CL ------------------
11. 5 --- SM ----------

-----
-

--
-----------so -

Sandy clay; 25 % fine sand with 
some gravel; dark brown; very 
wet; medium plasticity; medium ~ tiff 

-

-
Sandy clay; 40% sand; gravel; 
saturated; brown low plasticity: sof1. 
Silty sand; 35 to 40% fines; brc wn; 
saturated; very slight plastic
ity; very loose . 

Sandy clay; 25% fine sand with 
occasional gravel; gray; satu
rated; medium stiff . 

Silty sand; 20 to 35% fines; 
fine to medium with some coarse 
sand and medium gravel with 
occasional cobbles; saturated; 
loose. 

-

-
-

-
.... 

-

-

,-

,-

.. 
Remark• 

Water Level @ 3.5' IAD 
Water Level .@ 3. 75' 4 
hrs. AD Filled and 
Capped 

Similar To 
Composite B- 10 



WESTERN LABORATORIES 
Materia l s Eng i neers 

PROJECT 

Black Hawk Lake, Iowa 
82~ "J " Street L i ncoln, N ebraska 

BOR ING LOG 
Bor i ng Method : 6- i n. c ont i nuous fl i ght auve r Standard Penetra ti on Test Bor ing Na. 7 

Undisturbed So il Samp l er : 3- in. o.d. thin-walled t ube 140-lb. Hommer l 30- in.Fall 12-i n.o.d. Split-barrel Sampler Sheet 1 of 1 

w =Mo-i sture Content , •1. j D•Dry Density, pct Penetrat i on Resistance : N•Blows per foot Data : 10-24- 78 

El ev a lion Depth 

- 0 -------------
3 -

------
4. 5: 

---------------
8 -

---
---------------------

. ---------
30 _;; 

----
-

- -------
----------35 -

601- a 

Group 
Symbol 

CL 

CL-
CH 

SM 

GP-
GW 

CL 

Descript i on of Mater i als 

Silty clay; very dark grayish 
brown; moist; medium plasticity ; 
medium stiff. (Topsoil) 

Sandy clay; wet; 20% fine sand; 
wet; medium to high plasticity; 
stiff, brown. 

Silty sand; moist; 35 to 40% 
fines; brown; medium dense to 
loose. 

Sand-gravel; medium sand to 
coarse gravel; saturated; 
loose to medium dense. 

Sandy clay; 20 to 30% fine sand 
with some gravel; saturated; me
dium plasticity; very stiff to 
hard; dark olive gray mottled 
with dark gray (blue ) and red
dish brown. 

Sample Blows 
Na. 

,-

,-

,-

I-

,-

,-

,-

-
-

-

-

-

-

... 

... 

... 

I-

Water Level @ 8' IAD 
Water Level @ 8' 10/25/ 78 
Filled and Capped 
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WESTERN LABORATORIES 

Materials Engineers 
825 "J" Stra et L i nco l n, Nebraska 

BOR ING LOG 

PROJECT 

Black Hawk Lake, Iowa 

Bor i ng Method = 6- l n. continuous f li ght auqer Standard Penetra t i on Tes t Bor inQ N o. 8 

Undisturbed Soi ·! Sampler : 3- in. o.d. t hin-wailed tube 140-lb. Hammer j 30- in. Fall I2-ln. o.d. Split-barrel Sampler Sheet 1 of 1 

w=Mo- i sture Conten t, ¾ I D• Dry Density , pcf Penetration Res i stance : N•Btows per foot Dote : 10- 24 - 78 

El evation Depth 

- 0 ------
-
-
------3 --------

5 -
------6 . 5_ 
--------

8. 5_ 
-----

10 -
------
---------------
------------ ------

18 -
--------25 -

601-o 

Group 
Symbol 

CL 

CL 

CL 

CL 

CL 

SM 

CL 

Descr i pt i on of Ma t er i als 

Silty clay; black; wet; medium 
plasticity; medium stiff. 
(Topsoil) 

Sandy clay; dark gray mottl ed 
with reddish brown; 20 to 25 % 
fine sand with some coarse grav 
el; wet; medium plasticity; 
stiff. 

Sandy clay; dark gray brown; 25 
~to 30% fine sand; very wet; me
I \ dium olastici ty ; stiff. 

Same but 30 to 40% fine sand; 
saturated; medium. 

Sandy clay; 50% fine sand to 
coarse gravel; saturated ; low 
plasticity; soft. 

Silty sand; 30 to 40% fines; 
fine to coarse; saturated; 
very loose. 

Sandy clay; 20 to 30% fine 
sand with some gravel and 
cobb l es; saturated; meditm1 
plasticity; stiff; dark gray 
r~,,, ., ~ 

Sample Blows 
Na. 

... 

.... 

.... 

.... 

.... 

I-

-
.... 

I-

-
... 

... 

... 

Re;,;· a· r k s 

Water Level @ 4' IAD 
Water Level @ 4.5' 10/25/7 
Filled and Capped 

Composite B- 10 
1o'to 18' 



WESTERN LABORATORIES 
M a ter i a l s Eng in eers 

82~ "J" S t reet L i ncoln, Nebraska 

BORIN G LOG 

PROJECT 

Black Hawk Lake, Iowa 

Sor i ng Method : 6- i n. c on ti nuous fl i ght auger Standard Penetrat i on Test Bo r ing No. 8a 

Undisturbed So il Sampler : 3- in. o.d. thin-walled t ube t40- lb. Hammer j 30- in.Foll j 2-in.o.d.Split-barr,1 Sampler Sheet 1 of 2 

w•Moist ure Content , "lo ! D• Ory Dens i ty, pcf Penetrat i on Res i stance : N•Blows per foot . . Date: 10-24-78 

Elevation 

-

601 - a 

Depth 

0 
--------

2 -
-2.5 ------------

5 -
--------
-----
---

Group 
Symbol 

CL 

CL 
CH 

CL 

CL 

Description of Materials 

Silty clay; black; wet; medium 
plasticity; medium stiff. 
(Topsoil) 

Silty clay; light brown; wet; 
""medium plasticity; medium stif 

Silty clay; 10% fine sand; wet; 
high plasticity; brown; stiff. 

Sandy clay; 30% fine sand; 
brown; saturated; low to medium 
plasticity; soft. 

Gravely clay; 30 to 40% fine 
gravel with some sand; saturat
ed; low to medium plasticity; 
soft. 

8.5 :r---+-----------------~ - GM- Sand-Gravel; 10% fines ; medium 

11 

14 

20 

-: GP sand to medium gravel; saturat-
-------
--------------
---------------------
--------

GP 

GP
GW 

ed; loose. 

Gravel; coarse; saturated; 
loose. 

Gravel; fine to coarse with 
some coarse sand; saturated; 
loose to medium dense. 

Sample Blows 
No. 

I-

I-

... 

... 

-
-

-

-

-

-

-

Rem .arks 

Water Level @ 4.5' IAD 
Water Level @ 5' 10/25/78 
Filled and Capped 

Composite B-11 , , 
14 to 25 
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WESTERN LABORATORIES 
Mater i al s Engineers 

PROJECT 

Black Hawk Lake, Iowa 
825 "J" Str, at Li nco l n, Nebraska 

B ORIN G L OG 
8 or i n g M e tho d : 6- i n. con t i nu o us I I I g h t au g e r S ta ndar d P e netrat i o n T es t 

Undisturbed So il Samp l er : 3- in. o.d. t hin- wal l ed t ube 140-lb. Hammer j 30- in. Fail j 2-in.o.d.Split-barrel Sampler 

w 2 Mo i st ure Con t en t, ¾ I 0 2 Or y D ens i ty , pcf Penetrat i on Resistance : N•Blows per l oot 

Bo r inq No. 8a 

Sheet 2 o f 2 

. Da t e : 10- 24 - 78 

Elevat i on Depth Group 
Oescriptl on of Mote r i als Sample Blows Symbol No. 

Remarks 
.._ 20 - SP- Sand-Gravel; - as above but 

- GP with a lot of medium sand. -- ------ ------ ------ -----2: -- CL Sandy clay; 25 % fine sand with 
25 . S: ~me gravel and cobbles; satu-

25 - SP 
rated; medium plasticity; -- CL - stiff; gray (blue ). --- .... - S-G as above. -- Sandy clay; above but - as very - .... 

- stiff . ---- .... 
----

3G ----- .... 
----- .... 
----- .... 
----- .... 
----- ------ ------ ------ --- ---- ... 
----

601 - a 



WESTERN LABORATORIES 
Materials Engineers 

82!1 "J" Sire et Lincoln, Nebraska 

BORING LOG 
8 or i n g M e I h O d : 6- i n. CO n Ii n U OU s fl I g h I OU g I r 

PROJECT 

Black Hawk Lake, Iowa 

Standard Penetrat i on Test 

Undi sturbed Soi l Sampler : 3- in. o.d. thin-walled tube 140-lb. Hammerj 30- i n. Fall j 2- i n.o.d.Spllt-barrel Sampler 

w=Mo-isture Cont ent , •1. j D•Dry Density, pcf Penetration Resistance : N•Blows per foot 

.. 

Boring No. g 

Sheet 1 0 f 2 

Dote: 10-24-78 

E l evation Depth Group 
Symbol Descript i on of Mater i als Sample Blows 

No. 
Remarks 

-

601-o 

0 
: CL 
--
------

2 .5: CH 
--------

4 .5: 
CL -----

6 
- SM ---

Sandy clay; very dark gray 
brown; wet; medium plasticity; 
medium to stiff. (Topsoil) 

Sandy clay; 10 to 15% fine to 
medium sand; brown; wet; high 
plasticity; stiff. 

Sandy clay; 30 to 40% sand and 
gravel; moist; low plasticity; 
loose; brown. 

Silty sand; 30 to 40% fines; 
medium sand to coarse gravel 

7 - CP-
-+--~with some cobbles; wet · loose. 
-------------------------------------------------------------

20 --

GW Gravel; medium sand to coarse 
gravel with some cobbles; satu
rated; loose. 

Occasional clay seams 
3" to 611 

,-

-
' 

-

-

- -.. 
>-

,-
Cave-in at 7. 5' on 10/25 /7 ; 

>- Cave-in at 8' IAD 
Filled and Capped 

,-

-
>-

>-

,-

>-

-
-

-

-
. . 

>- .. 
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WESTERN LABORATORIES 

Materials Eng ineers 
825 "J" Street L inc o l n, Nebraska 

BORIN G LOG 

PROJECT 

Black Hawk Lake, Iowa 

Bor i ng Method : 6- i n. continuous flight auger Standard Penetrat i on Test Bor ing No . g 

Undisturbed Soi l Sompler : 3- in. o.d. thin-walled t ube 140-lb. Hammer j 30-in. Fall j 2-i n. o.d. Split-barrel Sampler Shee t 2 of 2 

w=Moi sture Content, o/. J D• Dry Density , pcf Pen etr at i on Res i stance : N•81ows per f oot Date : 

Elevat i on Depth 

- 20 --------

--

-
--30 --------

--
-

---
--------

43 ----------------
46.S: 

-----
48 -

--- ------so -

601-a 

Group 
Symbol 

GP 
GW 

SP-
SW 

Descript i on of Mater i als 

Same 

Sand; fine to coarse; saturat
ed; loose to medium dense. 

SP- Sand - Silty sand; fine; 10 to 
SM 15% fines; saturated; medium 

dense. 

SM 

SP 

Silty sand; 25 % fines; fine; 
saturated; medit.nn dense. 

Sand ; fine to coarse ; saturat-
ed; medium dense. 

Sample Blows 
No. 

-

-

-

-

-

-

-

-
,-

,-. 

,-. 

-

-

-

Remarks 

Composite B-:-11. 
7

1
to 30

1
' 

Composite B-9 
30 ' to 4 3· 

10-24- 78 



WESTERN LABORATORIES 
Materials Engineers 

PROJECT 

Black Hawk Lake, Iowa 

825 "J" Sire et L i ncoln, Nebraska 

BORING LOG 
Bor i ng Method · 6 - ln. continuous fli gh t auga r Standard Pene tr a ! i on Tes! Boring No. lO 

Undisturbed Soil Sampler : 3- in. o.d. thi n-wa ll ed tu be 140-lb. Hammer\ 30- i n. Fall \ 2- i n. o.d. Spl it-barrel Sampler Shee! 1 0 f 1 

w•Mois!ure Con ten! ,¾ I O• Ory Density, pcf Penetra!ion Resls!ance : N•Blows per fo o l Date : 10-24-78 

EI av at i on 

-

601 -a 

Oe pth 

0 ----------------------------
6 -

-------------------10 ------

Group 
Symbol 

CL 

CL 

CL 

Description of Materials 

Fill: Silty clay; very dark 
gray brown with some gravel; 
wet; medium plasticity; stiff. 

Road Fill 

Silty clay; black; very wet to 
saturated; medium plasticity; 
soft to medium stiff. 

Same but with 15% fine sand. 

S amp I e Blows 
No. 

-

-

-
-

ll.S:-i-----1------------------------l 
12 - SM Silty sand; 25% fines; saturat-

: SC- "ed· Hav: medium dense to loose 
: CL Sandy clay - Clayey sand; 45 to 

-- SO% fines; saturated; dark 
13. s------SM--{ gray; low plastici tv; loose. 

Silty sand; 30~ fines; fine to 
coarse with some fine gravel; 
saturated; loose. 

----
20_;, 

--------
22 -

-------------25 -

CL Sandy clay; 25 to 30% fine sand 
with some gravel and lime 
rocks; saturated; medium plas
ticity; stiff. (Glacial Till) 

-

-

-

Water Level @ 3. S Lu.D 

Water Level@ 4.5 10/ 25/78 
Filled and Capped 

Composite B-10 
13.s ' to 22' 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

WESTERN LABORATORIES 

Materials Engineers 
825 "J" Stra et Lincoln, Nebraska 

BORING LOG 

PROJECT 

Black Hawk Lake, Iowa 

Sor in g Method : 6- i n. continuous fl i ght auger Standard Penetrat i on Test Baring No. ll 

Undisturbed Soi l Sampler: 3-in. o.d. thin-walled t ube 140-lb. Hommer j 30- in. Fo ll I 2- in.o.d. Split-barre l Sampler Sheet 1 of 2 

w •Moisture Content,¾ I O• Ory Density, pcf Penetrat i on Resis t ance : N•Blows per f oo t Date : 10-24-78 

El evation Depth Group 

- 0 Symbol 

- SM -- & -- CL ----------------------------------
8 

: CL 
---
-

10 -
- CL 
-

11 -
- CL -----
--13 
- CL -----

14. 5 --- SM -------
- 16 . 5: 

- GP-- GW -------------20 -

601 - a 

Description of Mater i als 

Fill: Sandy Clay and Silty 
Sand; 50% sand and grave l; 
moist; low plasticity; loose 
to medium dense. 

Fi ll: Sandy Clay; 30% sand; 
dark gray mottled with reddish 
brown; we t; medium plasticity; 
stiff. 

Sandy clay; black; wet; medium 
plasticity; medium stiff. 

Sandy clay; 30% sand and _grav
el; brown; wet; medium plastic
ity; medium stiff to stiff. 

Same as above but very wet. 

Silty sand; 30% fines; fine to 
coarse with fine to medium grav
el; very wet; medium dense to 
loose. 

Sand-gravel; coarse sand to me
dium gravel; saturated; medium 
dense to loose. 

Semple Blows 
No. 

-

-

-
-

-

-

-

.... 

... 

... 

-

-

-

-

Remarks 

Water Level at 15.5 ft . 
immediatel y after dril
ling 
Cave-in at 16 ft. 
capped and filled 
10-25 - 73 



WESTERN LABORATORIES 

Materia l s Engineers 
825 "J" Sire et Lincoln, Nebraska 

BORING LOG 

PROJECT 

Black Hawk Lake, Iowa 

aor i nq Ma tho d : 6-in. continuous f llqh t au qe r S t andard Penetrat i on Test BorinQ No. 11 

Undisturbed Soi l Samplsr : 3- in.a.d. t hin-walled tube 140-lb.Hammerj 30-in. Fall J2-in. o.d.Spllt-borrel Sampler Sheet 2 of 2 

w=M<>isture Content, o/.j D•Dry Density, pcf Penetration Resistance : N•Blows psr foot · Date : 10-24-78 

Elevafion Depth 

- 20 
-------

22 -
-22.4 ------------------
~ 
~ ---------

--. 
--

40 ~ 
--------------------------------------

jt 
-

-------so -

6 01- a 

Group 
Symbol 

GP-
GW 

rr 

~ 

Description of Moterials 

Same as above but with some 
coarse. 

, 

As 16.5' to 22' 

\..... .1. G. y 

As 16.5' to 22' 

Sample Blows 
No. 

-

r-

I-

-
r-

I-

r-

I-

r-

-

-

-

-

r-

r-

Rem· a· r ks 

Composite B-11 
16.S'to 48.0~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 



I W£ST£RN LABORATORIES PROJECT 

I Materia l s Engineers Black Hawk Lake, Iowa 
8 2 5 "J • S tr e • I Linc o ln, Nebraska 

I 
8 ORIN G LOG 

Bor i ng Method : 6-in. continuou s fll ght o u 9 • r St a ndard Penetration Te st Bo ring No. 12 
Undisturb td S o i"I Sampler: 3 - in. o.d. thi n-wa ll ed tu be 14 0 -lb . Hamm erl 30- ln. Foll 12-in.o.d. Spli t-bar rel Sa mpler Shee t 1 of 1 

I 
I 

w•Mo-isture Co nt ent, " • I O • Ory Oensity, pcf Pen et rat i on Res i stance : N•Blows per f O O t Oo te : 10-24-78 

Elev a ti on Oe pth Gr oup 
Oesc r iplfon of Ma terials Sam pl e Blows R. m-·a , k I 

Symbo l No. - 0 - CL Silty claz; 10% gravel; black; ~ -- wet ; medi lllll plas t icity; medi- @.·2:2s 1 
1 - Water level IAD I\ um plas t ici t y; stiff. -- CH -

I 
I 

-
@ ·1.1 2 - Silty cl ay; some sand and grav Water level 10/25/78 f-

- CH el; very dark gr ayish br own; -
\ very w~t; high plasticity; 

. - soft 
3 -

1to medium. -- CL - Silty claz; some sand and grav --- el; saturated; high plas -gray; ... 
4 - CL tir-itv· ~nft to mPrii11m ~ri-f-f -

I - Sandy claz; 30% sand with - some - -- gravel and 2" lime rocks; sat -- -- ur ated; medium plasticity; .. -· -

I - s oft; gray and reddish yellow. f-

--- Clayey sand; 30% fines; - same 
7 color above ; with gravel and 

... 
- CL- as -

I - CH lime r ocks ; saturated; low 
8 - plas t icity; loos e . ... 

- CL -

I 
- Sandz claz; 20% sand and grav-- ... - el; dark gray mottled with red--- i s h brown; satur ated; medium -

l/\ - plasticity; soft. -
I 

- Silty claz; 10 to 15% gravel -- and sand; saturated; - gr ay; me-- -- dium to high plas t icity; soft . -

-J 
- · Sandy clay; 30% sand with some -- fine gravel; dary (blue -- gray 
- gr ay ) ; sat urated; medium plas --- tici ty; medium stiff . - --

I (Glacial) ---- ----

I ,.. -
---- --

I 
-

. ---- ----

I -- ------ -
I - . . ---

601-a 



WESTERN LA BORATORIES 

Materials Engi nee r s 
825 "J" Street L inc oln, Nebraska 

BORIN G LOG 

PROJECT 

Black Hawk Lake, Iowa 

8 or i n g !11 e tho d : 6- i n. c ontinuous f II g h t au g • r St andard Penetrat i on T es t Sor ingNo. R- 1 

Undistur bed So il Sampler : 3 -in. o.d. thin-wa ll ed tube 140-lb. Hammer j 30-in. Fall 12- i n. o.d. Split-barrel Sampler Sheet 1 of 2 

w: Mo-i,tu re Content,¾ I Q: Ory Density, pc f Penet rati on Resistance : N• Slows per f oot Oats : 12 -5- 76 

E l evation De p!h Group 
Descript i on of Materials Sample Slows Rem· ii r ·ks 

0.0 Symbol No. 

- CL Sandy silt; dark brown to App. 400 ' south ' of · Sa on -- ML brown; 15% fine sand; moist to trail; 100 ' eas.t ·o f ~ of -- medium to low plasticity; - tracks. 
. 

- wet; 
- medium stiff. - . -- ,_ 
-
- (overburden ) . 
--- r---- Water at 6.0' after drill-
- ing . - ,_ 
----
~ ,-

- . - .. --- r----
7. 0 - .... - GW Gravel; poorly graded; some + -- 1" . some fines; missing 3/8 - ' - to 4. .... ---
9 . 0 - ,-

- SP Silty sand; - 15 to 20% silt; 
- SM many - 4 fines. -- ------ ----

12 . 0 - -- CL Silty clay; 20~0 fine sarid; -- olive gray; some brown; satu--- rated; medium plasticity; --- st iff . --- ,_ 
----- --

15. 5 : 
- CL Sandy clay; 25% + fines; - SC occasional 3/ 8; saturated; -- + -- medium plasticity fines; soft; -- loose. ------ ---- . . 
-- ,_ 
--

20 . 0 : 

601 - a 

I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
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I 
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WESTERN LABORATORIES 

Mater i a l s Eng i neers 
825 "J " Stree t L i nco l n, Nebraska 

PROJECT 

Black Hawk Lake , Iowa 

Bor i ng Method : 6- i n. cont i nuous f li ght auger St an da rd Pene t ra t i on Tes t 

Undisturbed So il Samp l er: 3- in. o.d. thin-walled t ube 140-lb. Hammer l 30- in. Fall 12-in.o.d.Split-barrel Sampl er 

w • Mo-isture Content, •1. 1 D•Dry Density , pct Penetrat i on Res i s t ance : N•Blows per loot 

Ele v at i on 

601-a 

Depth Group 

20. 0 -----------------------

Symbol 

SC 
CL 

Descript i on of 1140 t er i a l s 

Sarne as above. 

25 . ~~-.,.__--+------------------t 
: GM Silty sand gravel ; 15 % silt; 
: SM nothing + 3/ 4" ; medium dense : 

--

------------
40. '.: --------------------------------------------------

GW 
GP 

Gravel; poorl y graded; lot+ 
3/8; 15 % + 3/4 . 

Dense 

S ompl • Blows 
No. 

... 

.... 

-

.... 

-
-

- . 

-
-

-

-

-

-

,... 

,... 

,... 

,-

Bor ing No. R- 1 

Sheet 2 of 2 

12-5- 78 



WESTERN LABORATORIES 

Mater i al s Eng in eers 
825 "J" S t reet L i nco l n, Nebraska 

B ORING LOG 
Sor i ng Me t hod : 6- i n. cont i nuous f li gh t a u gs r 

PROJECT 

Black Hawk Lake, Iowa 

St andard Pene t ra ti on Tas t Bor ing No. R- 2 

Und i slurbed Soil Sampler: 3- in. o.d. t hi n-walled tube 140- lb. Hammer j 30- in. Fall j 2- in.o.d. Split-barrel Sampler Sheet 1 of 2 

w=Mo-i slure Con len t ,¾ I O• Ory Density , pcf Penetration Resistance : N• Blows per foot 

El ev at ion Oe pt h 

- 1222.1 ------------------------s.: -----------------------
10. ("\ -

--------
12. 0 -

----.---------
1'" ,.., -

;) . - ------
- --

17 . 0 -
---
----------20 . 0 -

601 - a 

Group 
Symbol 

CL 
ML 

SP 

CL 

SP 
SM 

CL 

SC 

Description of Mater i als 

Sandy silt; very dark brown to 
brown; 15 % fine sand; moist to 
wet; low plasticity; medium 
stiff. 

Sand; some gravel. 

Silty clay; 15 to 20% fine 
sand; olive gray; saturated; 
medium plasticity; stiff. 

Silty sand; 15 % silt; many 
- 4 fines. 

Silty clay; 15 to 20% fine 
sand; olive gray to bluish 
gray; saturated; medium 
plasticity ; stiff. 

Sandy clay; 25 % + fines. 
Similar to R-1 at 15+. 

Sample Blows 
No. 

-

-

-

-

-
-
... 

... 

... 

-

-

-

-

-

-

-

-
,-

... 

Water at 
ing. 

_Oat e : 12 -5- 78 

7 . 0 ' after drill-
-.. 

. . 

I 
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WESTERN LABORATORIES 

M a t er i al s Eng i neers 

PRO J ECT 

Black Hawk Lake, Iowa · 

825 "J" Sire e t L i nco l n, N e braska 

BORI NG LOG 

Bo ri ng Me t ho d : 6 - i n. c ontinu ous fli gh t au g er Standar d Pen e tr a t i on Tss t Bor ing No. R - 2 

Und i stur bed So i l Samp l er : 3- in. o.d. t hi n-wa l l ed t u be 140-lb. Hammer j 30- in. Fa ll j 2- in.o.d. Spl it-bar r e l Samp l er She e t 2 of 2 

w •M oi sture Co n tent,¾ I O• Ory Den s ity , pc f P e n etra t ion Res is tance : N•B l ows per l oo t . .b ate: 12-5- 78 

E l e v at i on 

- /!{)8. / 

6 01 - o 

Depft, Gr oup Descr i p t i on of M o t er i ols Sampiee ,ows Rem ·~-r k s 
2 0. 0 --;-S~y_m_b_o~l __________________ -+-_ N_o~·+ ---+--------.-'-------~ 

- Same as above. 
-

---------
----
----

2s. n...._· ...... --1------------------j --------
-
-----
--------------
--------------
---
----
-

--
----------

40. 0 : 

GM 
SM 

Si lty sand gravel ; 15% s ilt; 
occasional + 3/ 4" ; medium 
dense. 

See R- 1 at same depth. 

.... 

-

-

-

-

-

-

-

.... 

.... 

-

-

-

-
Broke Hydraulic Hose 



WESTERN LABORATORIES 
Maier i als Eng i ne ers 

PROJECT 

Black Hawk Lake, Iowa 
825 "J" Street L lac o l n , Nebraska 

BOR ING LOG 

Bor i ng Method : 6 - i n. cont i nuous flight ou91r Standar d Penetra ti on Test 

Undisturbed Soi l Sampler : :3- in. o.d. thin - wa ll ed tube 140- lb.H ommer l :30-in. Fo il j 2- in.o.d. Split- bar re l Sampler 

w•Mo- is ture Content , ¾j D•Dry Dens i ty, pcf Penetrat i on Res i stance : N• Blows per f o ot 

Boring Na. R-3 
Sheet 1 of 2 

Dote : 12-6 - 78 

·. · . . Elevation Depth Grou p Sam ple Descripti on of Materi a ls Bl ows Remarks Symbol Na. 0.0 
- CL Silti:: cl ay ; dark brown; -- very 
- ML wet; med ium t o low plasticity; . 

1.0-
\ medium stiff . ... . 

- SM ---- ... - Silti:: s and ; some + 4. . ---- .... ----- -- Water at 8.0' .after dr ill--- ing. -- --
5. 5 : " 

- GM Silty gravel; some fine sand ; - -- 15 to 20%; s ilt. ---- ... ----- ... 
----- .... ----- ------ .... ----- ... ----- ... ---

14. 0 - .... - SM Silty sand with some gravel . --- GM - ----
16. 0 - -- CL Sandy clay; olive gray; satu --- rated; medium plasticity ; -- 15 t o 20% sand; stiff. ------ ... ---- ' . 

- ... --
20. 0 : 

601- o 

I 
I 
I 
I 
I 
-

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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WESTERN LABORATORIES 

Mater i als Eng i neers 
825 "J" Street L inc oln, Nebraska 

BORING LOG 
Bor i ng Method : 6-in. c on tinu ous flight auger 

PROJECT 

Black Hawk Lake, Iowa 

Standard Penetra ti on Test Bo ru,g No. R-3 
Undisturbed So il Sampler : 3-in. o.d. thi n-we ll ed tu be 140-lb. Hammerl 30-in. Fall 12-in.o.d. Spl it-barrel Sampler Sheet 2 of 2 

w=Mo-isture Content, •1. I D• Ory Density, pcf Penetration Res i stance : N•Blows per foot O.a t, : 12-6-78 

El evation Oepl h Group Descript i on of Mater i als Sampl•e1ows R,m. 0rks 
20.0 --t_S_y_m_b_ol-t--------------------1--N_o_.--t---1-----------------~ 

- Same as above. --
21 .0---------4----------------, 

: SM Silty sand and gravel; 20% 
SG fines; 10% + 4. --

----- ------ -
----- ------ ------ ---

40. 0--+---+---------------; -
: GW Gravel 
--- -
--- --
---
-

---

-
--- ,.. 

-----
-----------
-

-
--

50. 0 : 

601- a 



WESTERN LABORATORIES 
Materials Eng i neers 

PROJECT 

Black Hawk Lake, Iowa 
825 "J" S t reet Lincoln, Nebrosko 

BORIN G L OG 

aor i ng Mt!hod : 6- in. contin uous f l ight auger S t andard Penetrat i on Test 8orinQ No. R-4 

Undisturbed Soi ·1 Samp l er : :3- in. o.d. thin-walled tube 140- lb. Hommer l :30-in. Fall 12- i n. o.d.Split-borrel Sampler Sheet 1 of 1 

w •Moisture Content, ¾ I D • Dry Dens it y, pcf Penetrat io n Resistance : N• Blows per foot Data : 12-6-78 

Elevation 

60 1- a 

Dep th Group Descr i ption of Mater i a l s Sompleatows R,m·a,·ks 
0.0-+-S~y_m_bo_l-+------------- ------+-_N_o_.-+---+--------~~------~ 

---
1.0 -

----------------------------
7.0 --------------------11. 0 

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

--20.v ----------------------
25. 0 : 

CL 

SM 

CL 
ML 

CL 

--:---

SM 

Silty clay; very dark brown to 
brown; 10 t o 15 % fine sand. 
Silty sand; 15 to 20% silt; 
some + 4'. 

Sandy silt; brown to yellowish 
brown; saturated; 15 to 20% 
fine sand; low plasticity; me
dium stiff. 

Sandy clay; blue gray with 
some olive gray; saturated; 
medium plasticity; stiff; 10 
to 20% sand. 

Sil ty s and; 20 to 25% si lt; 
nothing over+ 4 . 

-
-

-

-
I-

.... 

.... 

.... 

-

-

-

Cave-in at 7.0' after 
drilling. 

I 
I 
I 
I 
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WESTERN LABORATORIES 
Materials Eng in eers 

PROJECT 

Black Hawk Lake, Iowa 
825 "J" Stree t L i ncoln, Nebraska 

BOR ING LOG 
Bor i ng Method : 6-in. continu ous fl l QMt OUQtr Standard Penetrat i on T est 

Un disturbed So i l Sampler : 3-in. o.d. thi n-wal l ed t ube 14 0- lb . Hammerl 30 -i n. Fal l 12- i n.o.d. Spl it-barrel Sampler 

w•Mo-isture Content, ¾I D•Dry Density, pcf Penetration Resis t ance : N•Blows per foot 

Elevat i on 

,_ /23! 4 

60 1-a 

Depth 

--------------
---------

Group 
Symbol 

CL 

SM 

: GM 
-----------

-----------
---
--

Descr i ption of Moterials 

Fill; silty clay; very dark 
brown to brown; wet; medium 
plasticity; stiff. 

Silty sand; 20% silt. 

Silty grav~l; 20% silt; some 
fine sand; 20%. 

12.0--+---+-----------------1 
: CL 
---
----
--

Sandy clay; very dark gray 
with blue and olive; wet; 
very medium plasticity; very 
stiff. 

ls. ~.,.-+----+-------------------~ -------
---
-

-

-
---

Sample Blows 
No. 

-

-

-

-

-
._ 

,-

,-

._ 

-
-
... 

,-

,-

-

-

-

-

-

No Water 

Bor ing No. R- 6 

Sheet 1 of 1 

_Cia t e : 12 - 6- 78 



WESTERN LABORATORIES 
Materia l s E ng i neers 

825 "J" Streat Linco l n, Nebraska 

BORING LOG 

PROJECT 

Black Hawk Lake, Iowa 

8 0 rt n g M 8 th O d . 6 - i n. CO n ti nu Ou S f I I Q h t a U Q I r Standard Penetrat i on Test 

Un distu rbed So il Samp l er: 3- in. o.d. thi n-wa lled t ube 140- lb . HammerJ 3O - in. Fail 12-in.o.d. Split-barre l Sampler 

w•Moisture Cont en t, 0/o I D• Dr y Density, pcf Pe netration Resistanc e : N•Blows per fo o t 

Elevation Depth Group 
Descripti on of Mater i als Sample Blows 

- (tf9.I 
Symbol No. 

- CL ;;1.lty c lay; very dark brown; -- wet; medium plasticity; me --- dium stiff. ------ -
2. 5 -- SM -

Bor in g No. R-5 

Sheet 1 of 2 

o ·ate : 12-6-78 

Sand; 
- G~! ---

silty gravel. 
- Water at 7.5' after dril l 

ing. 
-- --
---- ,..._ 
----- ... 
---

7. 0 - ... - JM Silty sand. --
8. 0 - ... - CL Sandy - clay; brown to yellow -

- ish brown ; wet to very wet; -- medium plasticity; stiff. --- (Glacial ) --- ----- -- CL Sandy clay; blue gray with -- some olive; 15% fine sand . -- ------ ------ ------ ------ ... --- --- ... ----- ------ ---
20.0 : 

601 - a 
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Report on Gi-a ve l Investigation Alon g \·!est Side of Sections 4 and 9, 
T. S6N., R.36 W. Sac County. 

The interpretations in this report are based on earth-resistivity 
data obtain ed on Ap ril 14th, 1977. Fred H. Oorhe im , Iowa Geological~ 
Survey, made the survey and the interpretations . He was assisted by 
personnel from the Iowa State Conservation Corrrnission. 

On the attached aer i al photo the numbers circled in red show tbe 
location of the E-R stations. 

Sta. No . Overburden Sand or gravel 

l 0-15 1 15-35 1 

2 0- 5 1 5-20 1 

20-40 I . Dirty gr.avel 
3 0-10 1 10-35 I 

4 0- 4 1 4-50 1 

5 0- 5' 5-35 1 

5A 0-10' 10-40' 
6 0-10' 10-32 1 

32-50 1 Dirty gravel 
7 

.. ;, 

0-10' 10-32 1 

8 Sandy clay to 50· ft. 
0 0- 5 ' 5-30 1 
J 

10 0- 5' 5-11 1 

11 0- 2 I 2-20 1 

12 0-13 1 13-30' Dirty s~nd 
c lay from 18 
to 20' 

13 0- C:: I 5-30' .,; 

14 0-10 1 10-40' 
15 0-10' Peat and loam 10-30 I 

30-35' Clay 
35-50' Sand and grave 1 

16 Ran this on Dike 0-13' Di ke. 13-42 1 Sand ar.d gravel. 

Stations 2-7 inclusive averaae 8 feet of overburden and 27 feet of 
grayel. This works out to be abo Gt 13000 yds3 of overburden and 43,560 
yd s.3 of sand and gravel per acre. This is a ratio of sand and gravel to 
overburden of about 3 to 1. 

Station 8 does not look good. 

Stations 9-15 inclusive averaae 7 feet of overburden and 20 fe ~t of 
sand and aravel. This works out t~ be about 11000 yds3 of overbu rden and 
32,000 ydi3 ~f gravel per acre. The ratio of 5and and gravel to overburden 
-; s about 3 to 1 . 

I talked with Mr. James Myer s at DOT about quality of the ma teria l in 
the area. Du r ing the period 1971 -1976 their tests on materi al from 
Hall e H' s pit (the nearest pit ) show that th e material was accepted for 
asphaltic concrete. The gradation showed 25 to 30% plu s 4 (gravel) a~d 
7 0-7 5 ;; s an d . 

Fred H. Dorhei:n 
Chief Geo logist, IGS 
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Sample Number 

Composite B-2 

Composite B-2A 

Composite B-9 

Composite B-10 

Composite B-11 

SAMPLE LIST 

Where 

B-2 

B-2a 
B-Sa 

B-9 

B-10 
B-8 
B-5 

B-11 
B-9 
B- 7 
B-8a 

Sampled 

4' - 37.5 ' 

2' 46' 
12' - 22' 

30' 43' 

3.5' - 22' 
10' - 18 ' 
10' - 19' 

16.5' - 48' 
7' - 30' 
8' - 31' 
14 ' - 25' 
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I 
I Ots MOINES RI VER ~AS!~ 

os,a231s BLACKMAI/K LAKE AT LAKE Vt Ell , [O\IA 

LOCATION. --Lat. ,2019 • 1s•, lon g 95°02' 30', '" N\I I / ' H I /£ tec.JJ. T . 87 ~ .. R.36 11 • • Sac: Co\lnt.)'. oa sout.h t1hore 

I 
across from IW1Cl'lltn; beach •t l ake Vf•"' and 2 mt I 3. 2 kra l U?st.ream fro■ l ake out.let.. 

O~A ! NA~< UEA , --2l . l ,.,. I s o . 3 .... ) . 
PERI08 OF RECORD . --Ape I 1 1970 to Septattber 1975 I d t scoat. t au•d l , 

I 
GAGE.--\late,-stag• recorder. Cat.urn of gage Is I ,21 8.50 ft I 371 . 40 ml abo11e l'l'le1n ••a l evel •ad 2.00 - H, <0.5 1 .. , 

be l o..., crest of spl 1 lway of dara at. outlet. . Pr tor t.o Jun e 25, 1970. nonracordtn.g gage at l a k e out.1~~·;-

EXTREMES.--Curreat. year: Max tmu m gage height., 2.67 ft 10 . a1, ml A.pr , 27: mtr1tmurn, I, 30 ft. 10 . 396 ,11) Sept . JO. 
Pe.-tod of record : Ma• tm1,.,r11 .;a9e hetght. , 3.45 ft. I 1.052 ml Feb . 20 , 19711 mtntmum . O.H ft. ·( o.": 80 ,o) Oc:t. 

27, 1971. 

I 
REMARKS . --Lake I • formed ~y concrete daim wtth ungat.ad overtlo.,,, spt 1 l<way at. elev.a t.ton 1 .220.50 ft 131i . 00ii .. 1 --a bove 

meen ... 1-v•l . Lake I I used fo, conservat.ton 1ad recreat.1on. Area of lake Is ,1p~ro,c t mat.a 1 y 357 .ac:rtt_s 1390 
h• l. 

I.A';[ HEIi.HT, [N FEET, IIAn:R YEAR OCTOBER 197' TO SEPTEMBU 1975 

CAY OCT NOV DEC JAN FU MAR APR MAY JU N JUL .o.u.i. · SE!' 

I I 1 . 69 1.51 1. 57 1. 5!1 1.75 I. so Z. H 2.55 Z. 27 Z. Z7 1.76 !. 58 
z 1.69 1.60 1.57 1.61 1.75 1. ao z . ,s z . sJ Z.2 5 Z.25 1.77 1. 58 
3 1. 69 1. 5!1 1.57 1. 63 l,7 5 I. 80 z . ,J 2.51 2 . 2s 2.23 1. 75 I. 55 

' 1. U 1. 59 1. 56 I . 63 I. 78 I. 7 9 2. U Z.'9 z . zs Z. Z2 1. 74 I. 56 
5 1. 65 . I. S!I 1. 56 I, 6J I. 80 1.80 2.u Z.4 6 z .z z 2 . 20 1 . 72 1. 59 

·I 6 1. 64 I . 58 I. S6 l. 63 I. 80 I. 81 2.U 2.•8 2 . zo 2. 1 a I . 70 . 1. 59 
7 I. 65 J . S8 1.56 1. 63 l. 79 1 . 8' 2 . U 2 . 47 z.zo Z. 15 1. 68 I. 56 
a l. 6' 1. 59 1.55 J. 6, I. 80 1 . a, 2 . '6 2 . 47 Z. 21 Z.14 1. 53 l. SS 
9 1. 64 l. so 1. 55 I. 6' 1.80 t. 8' z. 48 z.,s 2 . 24 Z . I 2 1 . 6-Z I. 5S 

10 l. 64 1.60 l. ss 1.67 I. 80 I. BS 2.'9 z. u 2 . 23 2. 10 I. 63 I. SJ 

II 1.6' 1. 58 I . SS • L.75 l. 80 1. as 2 . 48 2 . ,6 2.29 Z.07 1. 55 I. ss 

I 12 l. 63 1. 57 1. 55 1. H 1.80 I. 8 6 2 . ., 2 . ,6 Z . JO 2 . 05 1. sa 1. 54 
13 1. U I. 58 l. 5 .t I. 73 r. ao l. 86 2 . 4S 2,U 2.lO Z. 03 I. 55 t. 5, 
u I. 60 1.58 1 . 55 1.7 3 I. 79 1.87 z. ,s 2.39 Z. JI z.02 I. 55 1. 53 
15 1.61 1. 60 1.59 l. H I. 79 l. 86 ~-" Z. 37 2 . 30 z. 0 1 1. 53 .. 1. 52 

16 1.60 1.50 1. 5!1 l. 75 l. 79 l. 86 z.,s Z.J8 Z , 32 1. 99 1.52 1. 51 

I 
17 I . 60 I. 60 l. 58 I. 7S 1. 80 1. 86 2.,z Z , J4 2 . JO 1. 96 1.50 r. s2 
18 I. 59 I. 60 1. 58 I. 1, I. 8 1 I. 8 7 Z.'1 2 . n 2 . 36 1.92 1 . 60 1 .48 
19 1. 58 1. sa 1. sa 1. 7S I. a I I. 88 Z.39 Z. 32 z.,o l. 92 1. 60 l. '3 
20 1. 59 1. 57 I. 58 1. 7' 1.81 I. SJ 2 . 38 2.31 2 . 39 t . 91 1. 5!1 l . 42 

ZI I. 59 I. 50 I. 59 I. 76 I. al 2.12 2 . 42 2 . 28 Z. J9 1.8 9 1.57 1. ,J 
22 I. ss 1. 59 1.60 1. 75 1. a 1 2 . 29 2 .42 2.2 9 Z.J 9 1. 89 1. 57 1. ,J 

I 
23 1. 55 I. 56 I. 59 I. 7S 1.81 2 . 3 9 2.u 2 . 27 Z , J7 I. 89 1.52 I. H 
2' 1. 55 I. 55 1. 59 I. 7S I. 81 2 . ,6 2. ,s z . 2, 2.38 1, 97 1. s, 1. 41 
ZS 1.s, I. H 1. 59 1.75 1. ao 2 . '5 2 . ,s 2,ZJ Z.38 1.86 !.49 1. ,0 

26 I. SJ 1. 57 1 . S9 I. 75 1.80 2 . •5 2 . 49 2 . 2' 2 . 37 I. 95 I. .49 I. 3 9 
Z7 1. 54 1, s, I. 60 1. 7S 1.80 2 . so 2 . .L9 Z. 22 Z.3 5 I. SJ I. s' 1. 39 
2a I. 55 1. 55 1. 50 I. 7S I. so 2 . 5 1 Z . 60 z .2 a 2 . J, !. SJ 1.57 1 . ::u 

I 29 1°. 56 1. 55 1. 59 I. 76 2 . 50 Z , 60 2 , 29 2 . 32 1. 79 1. 60 1. 38 
30 1. 57 1. 57 1.59 I. 75 2 . •9 z.sa 2.29 2 . 30 l. 78 I . 60 I. 36 
JI 1.60 1.59 I. 75 2 . 48 Z . 27 1.7S 1. 60 

M~AN 1.61 1.58 1. 57 1. 71 1.80 2.05 2. 46 2 . 37 2.31 2 . 00 I. 52 1. 0 
i'IAX I. 69 I. 61 1.50 I. 7 6 I . 81 Z. S 1 2 . 60 2.5 5 z.•o 2.Z7 1.77 1. 59 

I 
HI N I. SJ 1.5' t.5 , I . 59 1.75 I. 79 l,38 2.2z 2.ZO I. 75 1 . 48 I. 36 

\/TR YR 1975 HtAN l.8 8 MAX Z. 50 MIN 1.36 -
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I 
oes aotu:s una 81S1! I OSQ82315 BLlCllHH~ UXI!: lT Llll! YI?II, [O Vl 

,CClflO!.--L&t 42°18'15•, loaq 9 5°02• 30•, ill 8W1 / 4 5 ?1 / ~ sec. JJ, ?. 3 7 :,c . • , 8.36 w., s ac County, OD SOf.ltb. sboce 

I ae:oss fro• s vi ••iaq beach at Lake View aad •iles ups-.:raa• fro■ lake outlet. 
OlllllG! H? 1. --23. J sq •i. 
i ! U30 or gecoao.--1 pri 1 1970 to current rear. 
• lG!. -v. t er-st aq• recor der. Oa tu• of gag e i s 1, 218 .50 ft abo•• ■ ean sea lev'!l and 2. 0 0 ft belo111 c rest of 

,pilluf of daa at OGtle<:. Prior to Jane 2,, 1'370, aooreco tdia g gage at lake OGtlet. 

''" ~f IJ;>IT, !>1 nn, .,r~~ TEUI OCTtJ8EII :n2 TO s,;pn,.eu 1471 I oar OCT NOV OEC J41'f 'E8 •UR APR ... JUl'f J~ L 4UG SEP 

I c,'Sl 2,&o 2,71 2,78 2,7'5 3, 03 2,10 2. 71 z,a.1 2,b5 2,~b 2, lb 
2 2,50 z,ql 2, 71 2,1, 2, 73 l,3 0 2. 7b 2,es 2.~o 2, a1 {, s, ._ 2, I a 

I l 2,09 2,97 2,119 2,a2 2,70 l,lb 2, 7.b 2,90 2 \ 77 l,02 2 ,so - -2, 12 • 2,48 l,00 2,b& 2.~o 2,i,4 3.35 2,73 2,92 l,7! 3,0& 2, Q_9 . 2,10 
~ 2,48 l,04 2,H 2,a 2,oa l,lO 2,70 2,90 2,78 3, U 7 2, 07. 2,07 

-· 2,4. l,Ol 2,01 2, 7l 2.08 l,2b 2,•9 2,n 2,75 1,00 2,a2 2,0b 1 2,44 l,Ol 2,bb 2, •• 2 ,oa 3, 2• 2,bS 2,90 2, 7Z 2,92 2,•1 . 2.os 

I a 2,~l l,Oo 2,05 ~ l, 11.1 2,bb J,20 l,b5 2,U 2.111 2,es 2,l~ 2,oe • 2,44 l,o• 2,oa 2,115 2,os J,17 2.02 3,01 ,.o~ 2,41 2,l7 2,07 
10 2,a4 l,lc 2,ol 2,113 2,04 3,15 2,ol 2,99 2,eO 2,75 2.1~ 2,07 

11 2,41 J, 15 2,b2 2,b2 2,ol J,2• 2,ol 2,•• Z,Sb 2,70 2,J4 Z,07 
12 2,40 l,lb 2,oa 2,110 2,112 J,23 2,03 2,68 2,57 2 ••• 2,32 2, 07 

I 13 2,19 l, 17 l,b4 2,sa 2,ol J,27 2,oa 2,85 2.s• l,bO 2, 32 2,07 
14 2,1a l,19 2,112 2,S7 2,bll l,Ja 2,70 2,U 2,00 2,55 2,ll - 2, 05 
15 2,ll 3,10 2,bl 2,S7 2,bl 3,30 l • 7l z.1~ 2,o3 2,52 2,lo 2. 01 

I b 2,J5 J,oo 2,110 2,sa 2,1>0 3,2• 2,90 2,72 2,110 2, ... 2.10 2, 11 
17 2,l5 2,tl 2.5• 2,70 2,59 l, I 7 2,e, 2,71 2,57 2,•7 2,31 2,12 

I 1& 2,34 ··" 2,58 2,95 2,58 1, ll 2, 88 2 ,01 2,02 2, • l 2,29 2, l l ,, 2,ll 2,85 2,57 3,00 2,57 l,07 2,90 z.o• 2, 71 2,•1 2,27 2,12 zo 2,37 2,82 2,57 2,0 2,57 3, 01 2 1 !li 2,b5 2,a 2,•5 2.2s Z,lZ 

21 'z, •O 2, 79 2,So 2,9& 2,5b 2,9e 2;11> z,u 2,10 z,o'l 2,25 2,12 
22 2,45 2, 77 2,51> 2,95 2,5b 2,93 2,70 2,1>0 2,7• 2,50 2,21 2, 11 I 23 2,se l,H 2,55 2,90 2,57 2,90 z,.,, z.~e Z,70 2,s1 2,co Z, 12 
24 2,o• 2,75 2,S5 Z,47 z,sa z,qo z ,I>& 2,Sl Z,70 2,55 2,25 2,14 
25 2,70 2,71 2,5a 2,&l 2,1>5 2,U 2,78 2,51 2,o• 2, So 2,2'S Z,lb 

21> 2,n 2.11 2,53 2,81 2,74 2. qi, 2,ez 2,58 2.6J 2,S• 2,21 2,b7 
27 2.n i!,70 2,52 2,eo 2,78 2,H 2,!l 2,oa Z,57 2,52 2,21 l, 01> 

I 29 2,10 2,71 2,50 2,79 2,ao 2,87 Z,81 2, 77 2, 55 2,50 2.21 "'1,21 
H 2,75 2,72 2,55 2,77 2 ,&3 2,78 2,83 2,52 2,5b 2, 1• 3,25 
JO 2,77 2,7Z 2,1>8 2,75 2,bO 2, 77 2, do 2,51 2,bl l.14 3,12 
J l 2,41 2,h 2,73 2,1a 2,d2 2,59 2, l 8 

,eu, 2,51 2,'12 2,111 2,a 2,os l, 11 2,74 l,7e 2,bo z,o~ 2,l~ Z,Zb I •u 2.at 3,19 2, 7& l,00 2,80 J,JI> 2,qo l,01 2,!1 .!, 08 2,Sb 3,25 •I'• 2,33 2,70 2,50 2,57 2,511 2, 7a 2,U 2,51 2,51 2,•l 2, 15 2,os 

•TR '" l'17l "f:M• 2,-7 .. ,x 3,lb "1"' 2,05 

GAGE HE!G>IT, IN FEET, WATER YEAR OCTOBEil 197J TO SEPT(1"8ER 197• I OAY OCT NOV OEC J4N FEB MAR APR MAY JUN JUL AUG SE? 
I 3.16 Z,58 2. 67 2.i.8 2.i.8 2.60 2.36 2,'-2 2 . 90 2.37 1,98 2 J.1 1 2.55 2. 65 2." 7 2.'-9 2.00 2,'-0 2.Ja 2. as 2.JS I .98 

I J J,0S 2.5s 2.63 2. i.6 2.i.8 2.6 5 2. • 2 2.JS 2.82 2. 35 1.98 .. 2.99 2,55 2.60 2.i.5 2,'-8 2.67 2 ... 6 2,35 2, 76 2,JS 1,97 s 2,94 2,53 2.60 2,'-4 2,'-6 2. oa 2,Sl 2.JJ 2. 74 2.JS 1. n 
6 2,90 2.5,. 2.60 Z.l.5 2.•6 2,67 2.SJ 2,JJ 2.10 2.3 .. 1,96 7 2.89 2,52 2,59 2.<oS 2.t.S 2, 65 2.SJ 2 • .3S 2.69 2.J2 I .9<o 

I 8 2.a6 2,SO 2, 58 2.-- 2 . .... 2-65 2.52 2.JS 2.10 2.JO 2.0 0 1. 9 .. 9 2,85 2.so 2,S7 2 ..... 2.4.- 2.65 2.52 2.36 2, 69 2.21 2. 0 l 1.9) 10 2.87 2,i.9 2.ss 2,43 2.•3 2,65 2,5 .. 2.i.o 2,6J 2,JO 2. 02 l,93 
II 3.0J 2.•8 2.54 2.i.J 2-•2 2.66 2,5S 2.•4 2,60 2.JO 2.01 1,91 12 3 , 18 2,'-'1 2,5 .. 2, <o J 2,<oJ 2,65 2.54 2 . .... 2,59 2,JO 2. 00 I ,93 IJ J.20 2.<o7 2.54 2 •• 2 2 ..... 2.6S 2,52 2.56 2,S7 2,26 2, 01 1 • .; I l" 3. 18 2.s1 2,5 .. 2,42 2,'-6 2,64 2,53 2,54 2.5s 2,2S 2. 0J I., I 15 J.IJ Z. 54 2.53 2,<ol 2,<.8 2,58 2.ss 2.56 2.so 2.0J 1.~1 
16 3,0 8 2,S5 2.S3 2,40 2, • 8 2,S5 2.56 2.57 2,'-7 2.os 1, 91 17 J.02 2,55 2,52 2.41 2,5 0 2.ss 2.55 2.60 2 ,'-5 2. 07 1.ae 18 2 .9 7 2,52 2.51 2.•I 2.5s 2.s2 2.55 2,82 2.i.s 2. 10 1 . s8 I 19 2.92 2 ,54 2.so 2,42 2.~o 2.50 2.56 J, 16 2 ... 4 2. 11 1. 87 20 2.90 2.64 2 . .. 9 2 ... 2 2,b2 2.so 2.s1 J.27 2-"" 2.10 1.86 
21 2,86 2,70 2.411 2. 44 2.62 2 . i.8 2 ... 9 3,2S 2, '-2 2.09 l.a J 22 2,82 2.75 2 ... 8 2 ... s 2.6 .. 2.•b 2 ... b J.22 2.so 2. oe I.SJ 2J 2 , 80 2.11 2 ,47 2.•S 2-62 2 . .. 7 2,45 J. 15 2,51 2.01 1,8) 

I 2" z. 1s 2, 77 2.so 2 . .. s 2.bO 2.•5 2 ... 6 3. 09 2.50 2.01 1. 79 25 2. 70 2,77 2.54 2.,-5 2,59 2 , "-4 2. '-4 ). 05 2,50 2,05 1. 78 
26 2.6a 2.76 2,54 2,45 2.sa 2 . .. J 2. •S J, 05 2 ,49 2. 04 1. 77 27 2,65 2. 7J 2 , 5,. 2.i.5 2.5 7 2. i. ) 2.i.s 3. 02 2,'-6 2.os l , 76 28 2,62 2.71 2,5J 2.i.s 2.bO 2.'-2 2.45 2, 96 2.i.s 2.0 .. l.7<o 29 2,61 2.70 2.52 2 •• 5 2 ... 0 2."3 J.04 2.i.2 2.0J I , 71 I JO 2.60 2.68 2,51 2,45 2,'-0 2.•I J. oo 2.J9 2. 01 1.10 JI 2,58 2.'-9 2 ... 6 2,'-2 2, 94 1. 99 

MEAN 2,9 0 2,60 2,54 2,44 2,51 2.55 2. • 9 2. 72 2.57 1.ae .... 3,2 0 2.77 2 .07 2 ... 8 2.b4 2,68 2.57 J,27 2,90 1. 98 "IN 2,58 2,'-7 2.47 2. ~v . 2,42 2 ... o 2,3 6 2.JJ 2.J9 I, 7~ I 



I 
I DES MOU!ES !lIVER BASIN 

05482315 31.Aa<HAWK I..\l(E AT LAKE VIEW, ICWA 

I 
LOCATI ON.--Lat 42°18'15", long 55°02'30" , in N'Wl/ 4 SEl / 4 sec.33 , T.87 N., R. 36 W. , Sac County, on south 

s ho re across froc swi~~ng beach at Lake View and 2 ~~les upstream from lake outlee. 
ORAINAGZ AREA.--23. 3 sq mi. 
PEP~OO OF RECORO.--April 1970 to current year . 
GAG::.--water-stage recorder. Oatu.:i of gage is 1,219.50 ft above mean sea level and 2.00 ft bel°"' crest 

of spillway of dam at outlet. Prior to June 25, 1970, nonrecording gage at lake outlet:. 

I GAGE: HEIGHT• IN F"EETt il4TER YEAR OCTOBER 1970 TO SEPTE.'<F!EP 1971 

OAY OCT NOV DEC JAN f'E!j MAR APCI "4AY JUN JUL l\JG' SE" 

I 
I 1.63 I, 79 2.01 2,04 2.06 2,86 2.76 2,25 2,23 1,97 1.ss· 1,12 
2 1,59 1.ao 2.02 2.oJ 2,06 2,81 2.72 2,24 2,23 1,95 l ,94 r.1 n 
3 1.sa 1.83 1, 96 ) 2.oa 2,05 2,76 2,71 2,25 2,23 1, 94 !,SJ 1,(19 
4 1,58 1,81 2.01 2, 11 2.01 2, 72 2,68 2,23 2,23 1,93 1, 5_2 · 1. 0 ~ 
5 1,58 1,82 1,98 2.10 2,09 2,68 2.65 2,26 2,23 1,93 1,49 l. n4 

I 
() 1,58 1,80 2.00 2,09 2,08 2,66 2,63 2.2s 2,2!, 1,93 1 ... ~ 1.02 
1 1,60 1,82 2.00 2,09 2,08 2,64 2,61 2,24 2,29 1,94 1,4 'f 1,n2 
a 1, 70 l,i4 2.00 2.10 2,08 2,62 2,58 2,23 2,JO 1,93 1,45- ,99 
9 1,79 1,87 2,00 2,09 2,08 2,6(1 2,55 2,23 2,Jl 1,93 1 • .c.4. ,97 

10 1 • 84 1,88 2.03 2,09 2.0 7 2,59 2.55 2.24 2,Jl 1,95 1,42 ,95 

·I 
II 1.a .. 1.aa 2. 06 2,08 2, 0 7 2.60 2,49 2.23 2.29 1,96 l • .:.o ,94 
12 1,84 1.89 2.06 2.oa 2, 0 7 2,75 2,47 2.21 2,29 1,95 I ,JR .92 
13 1,84 1,89 2.06 2,0A 2, n8 3, 0 I 2,43 2,19 2,27 1,92 1,37 ,91 
I" 1.aJ 1,88 2,06 2. oa 2. 08 3,16 2,42 2.18 2,25 !,91 1,36 ,87 
! S 1,83 1.a8 2.06 2,08 2.08 3,15 2,4) 2,17 2.25 1.aa 1. JS' ,as 

I 
I~ 1,83 1,88 2,07 2,08 2,08 3.Q7 2,38 2,16 2,24 1,86 1,33 .SJ 
17 1,81 1.0a 2, 07 2,0il 2.011 3.oo 2,40 2,15 2,23 1.05 1,32 .02 
18 1,81 1,89 2,07 2,08 2,25 2,97 2,40 2,19 2.20 1.82 1,29 , 8 1 
19 l,82 1,96 2.01 2. 08 J.10 2,97 2,J!! 2,24 2.19 1. 78 !,Jo· ,81 
20 1.a2 1,96 2,07 2,0l! 3,44 2,92 2.38 2,27 2,15 1.11 l ,Jn .an 

I 21 1,82 1,98 2,06 2,08 3.37 2,89 2.41 2.29 2,1'< 1. 7<o 1.2a . 78 
22 1,82 1,90 2,06 2,07 3.JJ 2,86 2,311 2,Jl 2.12 I, 72 1,25 ,79 
23 1,82 1,97 2,06 2,07 3,23 2,84 2.33 2,29 2.10 1.12 1,24 ,Al 
2<o 1.a2 1,97 2.05 2.01 3.13 2,81 2.JJ 2.25 2,0A 1,69 1,23 . e- 2 
25 l,<33 1.% 2,05 2. 0·7 3.06 2,79 2,32 2,24 2. P5 1,67 1.21 ,85 

I ,~ 1,82 1,96 2,05 2.01 3.oo 2, 77 2,32 2,24 2,04 1,64 I. 1-i , 8 6 
27 1.a2 1,96 2.04 2.01 2.96 2,76 2.Jo 2.23 2.00 1,63 1,17 • 8 '-
ZS 1,81 1,98 2,04 2.H 2.91 2,79 2,26 2.23 1,9!> 1,62 1.16 , ll 4 
29 1,81 1,99 2,04 2.01 ?.,8? 2,28 2.22 1,95 1,61 1. 14 . 8 7 
JO 1,80 2.00 2,04 2.01 2,83 2,2(> 2,23 l ,98 1,58 1,13 .a8 
31 1,80 2,04 2.01 ;> .82 2,24 1.57 1.12 

I GAGE HEIGHT, IN FEET, WATER YEAR OC. TOBER 1971 TO SE? TEMBER 1972 

V.\'f OC.T NOV oec JAN FE!I 'IA~ AP~ MAY JUN JUL AUG Sf P 

I .85 1.!5 1. 16 1. 24 1. 24 · 1.31, 2,18 2,50 2.48 2,75 2,74 2,31 
. S4 l.H l, lb 1,24 1,25 1,48 2.20 2,52 2,46 2 . 75 1. 76 2. 3 I 
. ao 1,12 l. 16 1. 2 3 1.25 1.5'1 2.11 2.57 2,47 2. 73 2, 74 2, 30 
. so l.H 1. 16 1. 2 3 I, 25 1,63 2.19 2.59 2,47 2.1,q 2.11 2.29 
. 75 1.10 1. 17 l. 2 3 l. 25 1.1,1, 2.20 2.1,1 2 .4'1 2, 6 7 2.68 2. 2 ~ 

I .75 1.05 1. l 7 1,23 1.25 1,66 2.20 2,66 Z.51 2,66 2.61, 2. 2~ 
.75 1. 10 1. l7 1. 23 1.25 l. 78 2.21 2,1,9 2.58 2 ,65 2. 65 2, 2 7 
.70 1,10 1.u 1. 23 I. 26 l.87 2.20 2. 71 2 ,1,8 2.64 2,61 2, 26 

~ .70 l, C'I l. l 'l \,23 1.27 l. '12 2.18 2. 71 2 .12 2 .6 3 2. ~ Q 2. 2~ 
l~ .70 l. 0 a 1, l 'l 1. 2 3 l. 30 1. 96 2. 1a 2. 71 2.n 2.6C 2.58 2, 32 

I ll .68 1.oa 1. 19 1.22 1,30 l,'18 2, 19 z. 11 2,68 Z. 5q 2,55 2, 54 
! z .oa 1.oe I, I '1 1.22 l.3C 2.01 2 .1s z .10 2.66 2. 5'l 2.54 2;6 7 
il .66 1.12 • I , I& 1.21 1. 30 2.04 2 .10 2,71 2, 73 2.58 2,5 2 2. 74 
l ~ .65 l. CS I, 18 1.21 1. 30 2.06 2.17 2,1,'I 2 .80 2 . 56 2 ,5 ,: 2.19 

: s .65 1,09 l. I 9 1. 21 I. 30 2.01 2. l 7 2,68 2,82 2.ss 2.4 a 2.1a 

I l o .67 I , O'l 1. 19 1.20 1. 3:, 2.09 2 .I 7 2, 66 2. ~2 2,53 2,45 2. 77 
17 .67 1.11, 1.n 1.20 l .. 3 i 2.11 2 .1 8 2 , 64 2 .86 2 . 90 2.42 Z.7 5 
18 . n t. 12 1.20 1,20 1. 30 2. 12 2, 16 2, o l 2 ,'H 3 . 31 2.40 2. 74 
l 9 .69 1, 12 1.20 1.20 1,30 2. 13 2 , I 7 2,59 2 ,94 3 , H 2 . 38 2.74 

I 
N • 70 l, I(; 1,20 1.20 1.30 2,13 2, I 9 2,56 2.89 ;, 39 2 .36 2,7l 

Zl .72 1.12 1.20 1.20 1. zq z. 13 2 . 22 Z,54 2.85 3. Z7 Z.34 2.6 7 
12 . 71 1,1" 1.20 l , l 'l l.2'l 2 . 15 2, ZZ 2,52 2. 80 3. 1 l z. JC, 2, 64 
ll .71 1.13 1. 19 1.22 1.29 2, I 7 2.19 2.54 2. 76 3. 0~ 2. 2'l 2,6 2 
z• • 72 1,13 I, l 'l I• 2 3 1.zq 2. 17 2.21 2,54 2. 77. 2,98 2,2d 2 , 59 

I 
15 ,7 2 1,13 I, 19 L.23 1. 31 2. 17 2.22 2,52 2.69 2 .92 2.32 2. 59 

,. • 71 1.11 l , 19 1.23 1. 31 2. 20 2.22 2. 51 2 . 6 7 2 .89 2 . 3J 2.~8 
II • 77 1,14 I . 18 1.11, 1.31 2. 20 2. 2 5 2. 53 2.6 7 2,8 3 2,33 2 .58 
14 . 80 1,16 1. 18 l .2~ I. ll 2. 20 2.36 2.5 4 2 .75 2 .78 2 .3 2 ·2-. 56 
19 .'ll 1.16 1. l 'l l,24 I, JI Z. 18 2, 4 1 2,5 2 2 . 78 2. 73 2, 3? ·2. S 4 

I 
JJ 1. 0 1 1. 16 1,23 1,24 2.20 2,47 2 , 51 2 . 78 Z,69 2,32 ,2 -· 52 
JI 1,12 1.z,. 1,24 2. 18 2,49 2,65 2 . 32 

- E ' ·"' 
.75 1. 12 I, l 'l 1.22 1.29 l , 9q 2.21 2 , 60 2 .1 1 2,81 2.4~ 2, 53 

•U 1. 12 1.16 1,24 1,24 l. 31 2, 2C 2,47 2. 71 2 ,94 3.41 2. 76 2. 78 
• I ~ •• s ! ,J5 1. 16 l, 19 l. 24 1. 36 2.16 2, 49 2. "" 2.53 2.1, 2. 26 

.1 . r a YR 1972 MEAN 1,91 "Al 3.U "IN .65 



APP~NDIX D 

BASIN WATER BUDGET 

(8.A . ) Basin 23.3 Mi. 2= 6.50 x l08ft. 2 

(L.A.) Black Hawk Lake 957 acres= 0.417xl08ft. 2 

(D .A.l Drainage Area BA-LA-= 6,08 x 108f~. 2 

(Ppt.) Annual Precipitation= 28"/year or 2.33 
feet/year 

Volume of Precip itation over Basin =(Ppt. ) 
x (BA ) x 7.48 gallons per cubic f oot 
(g/ ft.3 )* 

(R.) Recharge=0.25 ft./yr. 

= 

Inflow 
Gallons/year 

+1.13x1010 

0.25 ft. / yr. x (B.A.) x (7.48g/ft. 3)* 0 .12x1010 

( ET) Evapotranspiration = 2.0 ft/yr. 
3 * 2.0 ft./yr. x (B.A.) x (7.48g/ft . ) 

(RU) Runoff=(Volppt) - (R ) - (ET) = RU 

(QL) Basin Surface Discharge at Lake Wei r 

(C .W. ). City Wells 350 gpm x 1440 Min/day x 365 days 

(S ub. ) Leakage of Groundwater out of Basin 

I 
I 
I 

Outflow I Gallons/year 

I 
I 
I 
I 
I 

-9. 72 X 

-0.39 X 

-0.23 X 

-0.18 X 

approximately 1,400 gal /day 1. 2sx10 10 1.13 X lOlO 

I 
Unkn own 2300 gal/min. perhaps 

local domestic and livestock use. 

*A constant equating gallons of water to cubic 
feet of water 

Difference= 12 x 108gall ons 
per year 

I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
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·I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Runoff 

APPENDIX D (Cont'd.) 

BLACK HAWK WATER BUDGET 

Precipitation directly on Lake 
2.33 ft. x L.A. x 7.48 gal/ft. 

Groundwater Infiltration 
(150' x 6') x 1300 feet/day x 365 days 

Lake Evapotranspiration = 3.28 ft/yr. 
X (L.A.) x 7.48g/ft.3 

Lake Discharge 

Inflow 
Gallons/year 

3. 88x10
8 

7. 27x108 

4. 27x108 

· Outflow 
.:G~1lons/year 

L 02 X 109 

2.26 X 108 

1.54xlo9 1.25 x 109 

2.96 x 108 Gallons/year 

Difference which is equivalent to 
563 gallons per minute. Possible 
sources of this difference could 
be groundwater seepage or muni
cipal and private well discharge 



APPENDIX C 
PUMP TESTS SUMMARY 

Drawdown (Radius of Infl uence) 

West Central Iowa Rural Water Association 

Q Max.: 188,000,000 gallons per year 

Max. Rate: 6,000 gpm 

(Two Wells) one used, the other in backup Q = 358 gpm 

Single Well Radius of Influence 

s = 114.6 Wu (drawdown in feet at any point in discharging well 

(Values 

(Valu es 

T vicinity) 

Q = 358 gpm (pumping rate) 

T = 66,600 gpd/ft. (coefficient of aquifer transmissibility) 

S = .25 (a dimensionless coefficient of storage) 

r = distance in feet from center of pumped well to point where 
drawdown is measured 

t = Time since pumping began in days 

u = 1.87 r2s Wu = .sT 
Tt Trlr."6 

of u) Radius 

Days _____ 100 Ft. 225 Ft. 3225 5000 

10 hlO=l -2 7.3 17.5 3.5xl0_ 3 100 7xl0_4 3.5xl0_4 0.73 1. 75 -1 
365 1. 9x10 _5 9.7xl0_4 0.20 -2 4.8xl0_ 1 1000 7x10 3.5x10 7.3x10 1. 7x10 

of Wu) 
10 4.3916 2.8099 .00008239 

100 6.6879 5.0813 .3532 .07465 
365 7.9915 6.3620 1.22227 .5848 

1000 8.9899 7.3807 2.1118 1. 35278 

I 
I 
I 
1 
I 
-
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I 
I 
I 
I 
I 
I 
I 
I 
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10 15 zo 25 

tf'.;rdius of l11f/u,N1~e 111 leer' x 1000 

41i/~11 : preciptle?l/t:Jn .r!7charge v3/ues of ~"'f)el"' year c'l7d 5
11

,i?~r year -
1/?e r8d/us of i17//ut!'nce wtJuld be .J()O!J ' al7d 4{)00 ' r&Sf)t!'Clii/ely, 

Rl!OIU$ c:Jf /!Jrl!JEJJCE llS ft rl/;fJCT/tJ!J Of' f'i/MP 
O!St'/1/IRtJE /ltUO ?l?ECl?/1/17/tJJJ lf'ECflltl?t;c 
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(After 365 Days ) 
(La nd Sid e) 

Radi us (r ) Or awdown(s ) 

100 ft. 4.9 1 

225 ft . 3.9 ' 
3,225 0.7' 
5,000 0. 4 ' 
6,000 0.2' 
7,000 0.15' 

(P it Side ) 

1tl hl 

225 I 0.7 ' 
3,225 ' 0.7' 
5,000 I 0. 4' 
6,000 I 0. 2 I . . 

. 



For: Blackhawk Lake 
Job fl,7 8/ 3025 - 2 

Date Receiv ed : 1/ 79 
Date Tested: 1/ 79 
Samp le of : Water 

W ESTERN LABORATORIES 
_ {na/~t1cal . J el'fHce.r 

P . 0 . BO X 8 03~8 
LINCOLN . N EB RASKA 68~0 1 

Date : February 20, 19 79 

Page 1 

I 
I 
I 
-1 

Laboratory Identi fi cation No . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Fi eld Ident ification No. 
. Total Total 

Disso lved Alka linity 
Solids as CaCO3 

Sample B 395 mg/ 1 205 mg/ 1 
Sample C 315 mg/ 1 136 mg/ 1 
Sample E 620 mg/ 1 370 mg/ 1 
Sample G 290 mg/ 1 160 mg/ 1 
Sample H 230 mg/ 1 182 mg/ 1 
Sample J 295 mg/ 1 204 mg/ 1 
Sa mple K 650 mg/ 1 387 mg/ 1 
Sample L 76 0 mg/ 1 362 mg/ 1 
Sample N 380 :ng/ 1 227 mg/ 1 

Tota l 
Harqnes s 
as Ca co 3 

305 mg/ 1 
242 mg/ 1 
492 mg/ 1 
221 mg/ 1 
2 11 mg/ 1 
263 mg/ 1 
492 mg/ 1 
5 63 mg/ 1 
273 mg/ 1 

Total 
Iron 
a s Fe 

0. 2 
1. 7 
0 . 5 
0 . 8 
0.4 
0 . 6 
7. 2 
7 .2 
0 .3 

mg/ 1 
mg/ 1 
mg/ 1 
mg/ 1 
mg/ 1 
mg/ 1 
mg/ 1 
mg/ 1 
mg/ 1 

I 
I 
I 

.. . I 
BY_~6.L~ 
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For: Blackhawk Lake 
Job #78/ 3025 - 2 

Date Received: 1/ 79 
Date Tested: 1/ 79 
Sample of: Water 
Laboratory Identification No . 
field Identification No. 

Sample B 
Sample C 
Sample E 
Sample G 
Sample H 
Sample J 
Sample K 
Sample L 
Sample N 

Total 
Manganese 

as Mn 

0 . 04 mg/ 1 
0.20 rng/ 1 
0.29 mg/1 
0.05 mg/ 1 
0 . 10 mg/ 1 
0 . 7--6 mg/ 1 
3.08 mg/ 1 
2.43 mg/ 1 
0.05 mg/ 1 

WESTERN LABORATORIES 
~ !aa;4t✓-ml , f emir(',r -

P . 0 . BOX 803!58 
LJNCOLN . NEBRASKA 88!50! 

Date: February 20, 1979 

Nitrate 
Nitrogen 
as N 

< 0. 10 mg/ 1 
0.30 mg/ 1 
3.24 mg/ 1 

<. 0. 10 rng/ 1 
< 0. 10 mg/ 1 
~ 0. 10 mg/ 1 

2. 10 mg/ 1 
0. 76 mg/ 1 
0.24 mg/ 1 

Page 2 
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