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SUMMARY AN D CONCLUSI ONS

Five alternate schemes of collection and storage facilities for combined sewer and
separate storm sewer overflows have been evaluated for the study area which is
comprised of the Detroit Metropolitan area and other neighboring communities
in southeastern Michigan. The study area is divided into seven sub-areas based
on drainage characteristics as shown in Fi gure I. The total drainage area studied
is 1741 square miles.

The collection system is designed for peak flows generated from a 10-year storm.
The regional storage system is designed to contain a volume equal to a run-off
of 2.1 inches, and the local storage facilities are designed to contain a volume
equal to a run-off of 2.7 inches over their respective contributing drainage areas.

All five schemes provide an integrated system utilizing interceptors , force mains ,
deep tunnels and surface and mined storage reservoirs to collect and contain the
combined sewer and separate storm sewer overflows. Urba;~ized areas with high
population density and low availability of vacant land are being served with deep
tunnels and large surface or mined storage reservoirs while the more sparsely
populated areas are being served with interceptors and local surface reservoirs.

The proposed collection and storage system for Schemes One and Two is shown
in Figure X II. Both schemes utilize local and regional surface reservoirs for storage ,
as well as interceptors , force mains and deep tunnels for transportation of storm
water. Treatment plants for Scheme One are located at Algonac and the two
regional reservoirs. Scheme Two has two additional treatment plants for storm
water treatment in sub-areas E and G.

Schemes Three and Four have essentially the same type of collection system as
the two prev ious schemes. Mined storage is used for the regional storage system ,
and surface reservoirs are emp loyed for outlying areas. Treatment points for
Scheme Three are located at Algonac , near the mouth of the Huron River and
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near the two mined storage sites. Scheme Four has two additional treatment plants
for storm water treatment in sub-are as E and G. The proposed system layout
for these two schemes is shown in Figure X III.

Scheme Five is based on providing a combination of mined and surface storage
for the urbanized areas along with surface storage for outly ing areas. Three regional
treatment plants are located at the same places as in Schemes Three and Four.
The proposed system lay out for Scheme Five is shown in Figure X IV .

Total projec t cost est imates for all five schemes are summarized in Table 8. These
estimates are based on January, 197 2, costs which correspond to an Engineering
News-Record Construction Cost Index for the Detroit area of 1,960. Total annual
capital cost estimates are based on interest rates of 5-1/2 ,7 and 10 percent with
a 50-year project life. Total annual cost based on a 5-1/2 percent interest rate
is 159.6 million dollars for Scheme One, 157.7 million dollars for Scheme Two .
282.0 million dollars for Scheme Three , 279.9 million dollars for Scheme Four
and 183.3 million dollars for Scheme Five. Schemes Two and Four do not include
additional costs of providing local treatment for sub-areas E and G as compared
with regional treatment.

Scheme Five is the recommended scheme for the various advantages it offers over
the other four schemes. The cost of Scheme Five is more than Schemes One
and Two and less than Schemes Three and Four. The advantages offered by Scheme
Five over Scheme Two far outwei gh the cost disadvantage. A brief outline of
the reasons for selecting Scheme Five are given below:

1. The proposed system under Scheme Five is best suited with respect to
construction timing and the projected service needs of the study area.

2. Mined storage and surface storage in Scheme Five can be optimized to
arrive at a system which considerably reduces the peak power
requirements for influent pumping to the regional surface reservoirs and
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thus reduces the capital cost of supplying power.

3. Cost estimates for all the schemes do not include the cost of d power
supply. When this cost is included , the cost differential between Scheme
Five and Scheme One is considerably reduced , thus bring ing them , into
a more equal cost basis.

4. Mined storage in Scheme Five can be used to operate the Conners Creek
treatment plant on a continuous annual basis with other regional plants
being operated as needed. This type of operation should reduce the
annual operation costs of the treatmen t facilities.
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INTRODUCTI ON

PURPOSE

The purpose of this study is to analyze and evaluate the technical and economical
feasibility of various collection and storage facilities for separate and combined
sewer overflows in the study area. The study area is comprised of communities
in southeastern Michi gan and is shown ~n Figure I.

The significance of combined sewer overflows as a source of pollution has been
widely recognized in the past decade. The accelerated ag ing process of the nation ’s
fresh water lakes can be reduced considerably by adequate treatment of these
combined sewer overflows.

This report is a continuation of the studies undertaken by the U. S. Army Corps
of Engineers in an effort to identify the present and future water pollution problems
of the study area and to evaluate feasible solutions to these problems. The specific
schemes that are evaluated in detail in this report are based on a preliminary report
completed by Ayres , Lewis , Norris and May, Inc- in June , 1972 (1). The preliminary
report considered several alternatives for storm water collection and storage based
on 2-5-10-and 25-year storm frequencies and two pump out rates to the treatment
facilities. This preliminary report was reviewed by the Detroit District Office of
the U. S. Army Corps of Engineers in context with the total Southeastern Michi gan

Wastewater Management Study. At the comp letion of the review , the scope of
this report was finalized.

SCOPE

~~~~~~ The scope of this report includes the evaluation of five alternate schemes of storm
water collection and storage. An inteqrated collection system consis ting of
interceptors , force mains and deep tunnels is utilized in all schemes. Storage
for the various schemes is provided by surface reservoirs , mined reservoirs or a
combination of both .

V ‘ ~~~~~
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The collection system is designed for peak flows generated from a 10-year storm.
The regional storage system is designed to contain a volume equal to a run-off
of 2.1 inches , and the local storage facilities are desi gned to contain a volume
equal to a run-off of 2.7 inches over their respective contributing d~’ainage areas.p

Schemes One and Two employ surface storage only. Scheme Two differs from
Scheme One with regards to the location of the treatment facilities. In Scheme
One, treatment is provided at two regional plants with one located along the North
Branch of the Clinton River in Macomb County and the second at the mouth
of the Huron River in Monroe County. For Scheme Two , in addition to the two
regional plants , two local treatment plants are included in the upper portions of
the Huron and Rouge River basins.

Schemes Three and Four are based on providing mined storage for the urbanized
areas and surface storage for sparsely populated outlying areas. Under these two
schemes , three regional treatment plants will be located as follows: ( 1 ) at the
mouth of the Huron River in Monroe County, ( 2) by the Detroit River at the
confluence of Conners Creek in Wayne County and (3) at the mouth of the Clinton
River in Macomb County. Schemes Three and Four differ from each other with
respect to the location of the treatment facilities. Local treatment plants in Scheme
Four will be located at the same places as in Scheme Two.

Scheme Five is based on providing a combination mined and surface storage for
the urbanized areas along with the surface storage for outl ying areas. Three regional
plants will be located at the same places as in Scheme Three -

p

The following information for this study was furnished by the U. S. Army Corps
of Engineers:

I

1. Base Map of the Study Area

2. List of Major Outfalls in Study Area

3. List and Map of Combined and Separate Sewered Areas

6
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4

4. SEMCOG Water , Sewage ant i Storm Drainage Facilit ies and Plans

5. Projected Runoff Informat ion for 1990

6. Network Diagram for Conduct of Survey Scope Study

1. Alternatives for M;tn epn ! Wastewater fo Southeastern Michigan and
attendant tc’chn icd l appendices

8. Water Resourc ’~s Dat~i for Michigan , Part 1 and 2, 1966-1970 editions

9. Southeastern Mich Han Water Resources Study Techni cal Paper No. 3

10. Geolog ic and Hydrologic Studies of Three Areas in Southeast Michitpn

11. Standard Project Flood Determination , C~c~l Engineering Bulletin No.
52-8 , Department of the Army.

12. Survey, Investi gations and Reports , Computation of Financial Costs
Economic Costs , Engineering Manual 11 20-2-104 , U. S. Army Corps of
Engineers.
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METHODOLOGY

The first step in the process of evaluating alternate schemes of storm water
collection and storage was to review the available literature. The fol lowing sources
provided much of the data and information utilized in this report:

1. Various publications of the Environmental Protection Agency listerl
under the Water Pollution Control Research Series.

2. “Flood and Pollution Control , A Deep Tunnel Plan for the Chicago
Land Area ”, May, 1966, published by Harza Engineering Company and

Bauer Engineering Company.

3. “Develooment of a Flood and Pollution Control Plan for the Chicago

Land Area ,” August , 197 2, published by the Flood Control Coordinating
Committee.

4. Proceedings of the American Society of Civil Engineers:

a) Journal of the Construction Division

b) Journal of the Sanitary Engineering Division

c) Journal of the Soil Mechanics and Foundations Division

5. Storm Draina-je Reports , prenared by Southeast Michiqan Council of
Governments (SEMCOG ) .

6. Varous reports on the ~jeo loqy of the study area prepared by Dr. A.J.
Mozola , consultant geologist and professor at Wayne State University.

7. Telephone conversations with several pollution control equipment and
mining equipment manufacturers.

Specific information obtained from the above listed sources has been duly

referenced through the text of the report and a l ist of references cited is included
in this report.
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HYDROLOGIC CONSIDERATI ONS

Hydrologic considerations form an important basis for the desi gn of a storm water
collection and storage system. Peak flow rates and the storage volume requirements
for design frequencies of rainfall are the two main hydrologic parameters of interest .
Based on the preliminary report ( 1) and a statistical analysis of stream records
performed by the Corps of Eng ineers , it has been determined that a collection
system desi gned for a 10-year storm frequency, a reg ional storage system designed
to provide storage equivalent to 2.1 inches of runoff from its contributing drainage
area and local storage facilit ies desi gned for 2.7 inches of runoff from their
contributing drainage areas should provide the desired degree of storm water
control.

The hydrologic desi gn basis used for arriving at design peak flow rates was discussed
with Dr. E.F. Brater of the University of Michigan. The following discussion relative
to desi gn peak flow rates is based on those discussions.

Peak Flow Rates

Methods of estimating peak flow rates vary greatl y depending on the size of the
drainage area. The American Society of Civil Eng ineers Committee on Hydrology
has given the following breakdown on the methods used for peak flow estimations
(2):

Drainage Areas Present Practice
(Square Miles)

1 Overland flow hydrograph; rational method

1-100 Rational method; unit hydrograph; flood frequencies; flood peaks
versus drainage area.

100-2000 Unit hydrograph; flood frequencies; flood peaks versus drainage
area.

9 
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Conventionally, the rat or ial method h as  been used for design of storm wat e r
systems for drainage areas of less than five square miles. Develonment (if dat .
for an- lication uf unit hydrogra;ihi methods usually is warrdnted on ar r , r t a’ .

For the large areas , storage and subsurface drainage flow cause an at t e n j at ion of
the runoff hydrograp h so that rates of flow tend to be overestimated by the rational
method unless these e f fec ts are taken into account.

Since the drainage areas being considered in this study are much larrier thdn the
normal up;)er limit for the application of the rational method , the lack of
applicability of the method is self-evident.

The method of estima ting peak flows used in this report was developed by Dr.
Brater as discussed in the iublication , “Prediction of the Magnitudes and
Frequencies of Floods in Michigan ” (3) . This method is known as the inf i l t rat ion
capacity-unit hydrograph method and requires that information on infiltration
capacity and hydroqraph shane be obtained from the analysis of rainfall and surface

• runoff events. In his renort , Dr. Brater used data from drainage basins va ry ing
in size from 002 to 734 square miles and in population density from 100 to
13,000 nersons ji er square mile. A frequency curve of rainfall plus snow melt
was prenared from the analysis of 535 station-years of records in southeastern
Michi gan. Wit h this information and stream gauging records , curves were develoned
relatin g peak (hischar je to area and ponulation density. Figure II shows an exampl e
of such a curve for a 10-year storm frequency.

Volume of Storm Water Runoff

The volume of storm water runoff to he stored was urovided by the Corns of
Engineers. They analyzed stream records and concluded that a storage volume
equivalent to 2.1 inches of runoff from the contributi ng drainage area results in
an acceptabl e degree of storm water control.

It was recognized that small drainage areas are subject to more local ized storm
conditions and consequently require more storage than larqer areas to achieve the
same degree of control. Anal ysis of the information in the Deuartment of the

10
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Army Civil Engineer Bulletin No. 52-8 (4) reveals that smaller drainage areas (30 50
square miles) may experience 20-30 percent more rainfall than larger drainage areas

(800-1000 square miles) for a particular storm. Therefore upland storage reservoirs
serving smaller areas are sized for higher amounts of runoff .

The proposed storm water storage system designed in this report is divided into
two categories based on the size of the service area. The first category serves very
large , urbanized areas and is desi gned to store 2.1 inches runoff from the tributary
area. The second category serves small areas , approximately the size of a township.
These are designed to store 2.7 inches of runoff from the tributary area.

GE OLOGIC CONSIDERA T IONS

p
Complete information of the subsurface conditions is essential for an evaluation
of the feasibility of the alternate schemes for storm water collection and storage.
Soils conditions must be known to properl y design surface and underground
reservoirs as wel l as interceptor sewers and shallow tunnels. The condit ion and
location of bed rock must be investigated to properly desi gn rock tunnels and

mined storage areas.

Several reports on the geology of the study area have been prepared l)y Dr . A.
a J. Mozola , consultant qeolog ist and professor at Wayne State University (5 ,6) - These

reports were used as a primary sources of geologica l information . Two additional
reports were prepared specifically for this project and are included in Supplement
A of this report. Profiles along the proposed tunnel routes showing the expected
subsurface conditions also were prepared by Dr. Mozola. In addition , the City
of Detroit Water Supply Department is currentl y conducting an investigation of
the bed rock conditions to a depth of approximatel y 700 feet. These borings
should provide additional information when they become available .

p
Specific geologic considerations as they apply to various components of the project
are discussed in the respective sections of this report.

12
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CONST RUCTION COSTS

Cost is an essential factor in se lectinq the appropriate alternat ive to be used for

the abatement of combined sewer and separate storm sewer overflows. Estimates
are made of the costs involved in each of the alternatives considered in this ret ort.
An engineering, legal and construction contingency of 30 percent has been included
in all of the estimates. The higher contingency figure is considered to he appropriate
in the present stage of planning and includes some addit ional cost for factors not
considered in the report.

Unit costs are based, wherever possible , on actual construction costs for similar
types of construction. All cost estimates are based on January, 1972 , costs which
correspond to an Engineerinq News Record Construction Cost Index for Detroit
area of 1,960. The construction costs for any other year can he determined by
multipl ying the costs presented in this report by the ratio of the corresponding
ENR index to 1,960.

Annual capital , annual operation and maintenance , and total annual cost have been

estimated for all alternate schemes. Interest rates of 5-1 /2 , 7 and 10 percent arid

a project life of 50 years have been used in computing annual costs.

The cost estimates do not include costs for surveying, soils and geologic

investi gations , and right 1-way acquisition. Property acquisition costs are only
included for surface reservoir sites. Also , cost estimates do not include costs for
constructing storm sewers in the presently unsewered areas and costs for treatment
of the collected storm water.

DE S I G N  C O N S I D E R A T I O N S

Tunnels -

At the present state of technology, tunnels varying from 6 feet to 36 feet in
diameter have been drilled using boring machines. The maximum size of the tunnel

depends primaril y on the compressive strength of the rocks. It is anticipated (hat

13
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technology will sufficientl y advance to permit tunnel diameters up to 50 feet within

the next decade. For the purpose of desi gn in this report , tunnel diameters varying

in size from 18 feet to 48 feet have been used. It is recognized that the geologica l
formations in some areas may limit the maximum size of the tunnel diameters .
In such cases construction of two parallel tunnels may be necessary.

Geolog ical considerations form a very important part of tunnel design.

Conventionall y, various parameters of tunnel design have been related to the

compressive strengths of the roc ks. The non homogeneous characteristics of the
rock mass results in a wide variation of the compressive strengths. Therefore ,

compressive strength forms a poor criteria with regards to “borability ” of the rocks.

Nevertheless , this is the best available parameter which can be easily established .

At present it is not possible to obtain compressive strengths for the type of rocks
to be encountered along the proposed tunnel routes. Table 1 shows estimated
minimum and maximum values of compressive strengths and also gives a median
range. From this table it is evident that a wide variation in compressive strengths
will be encountered along the tunnel routes. For design purposes , a median range

of 15,000 to 20,000 psi is used.

Advance rates on a project of this size form a very important design parameter .
Carsdens and Davidson (7) in their report on the ex sting tunneling technology

concluded that advance rates are directly related to the compressive strengths of
the rocks. Figure III shows the relationship between penetration rate and rock
compressive strength. For design purposes an advance rate of 35 feet per day

p is used. Advance rate data published in the literature varies anywhere from 20
feet to 300 feet per day. A lower figure has been used for desi gn because of
the uncertainties involved in the rock compressive strengths which may be

encountered along the tunnel routes.

Power requirements for the boring machines are expressed in terms of specific
energy of rock removal. Based on the design assumption of a median rock
compressive strength of 15,000 to 20,000 psi , the specific energy of rock removal
can be expected to vary from 1.1 to 1.4 horsepower applied per hour per cubic

14
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foot of rock removed.

Lining of the tunnels will depend directly on the geological formations. Based on
experience in Chicago tunnels , it is concluded that lining of these tunnels is not
requir ed for hydraulic purposes. In areas of structural ly weak geolog ical formations ,
such as antrim s hales , or poss ibi l i t ies of ground water infi l tration or occurances
of methane gas , lining of tunnels is necessary. Lining costs for the tunnels are
included in the cost estimates for those areas where lining may be required.

A limited amount of work has been done regarding the hydraulics of tunnels drilled
by boring machines. Some data has been published on hydraulics of blasted tunnels
by Huval (8) . The values of “n” in Manning ’s formula as reported by Huval vary

from 0.027 to 0.041. Based on experience in the Chicago area , it has been

concluded that the boring machines wil l render a much smoother surface than
the blasting methods. Therefore , a lower value of 0.022 has been assumed for
the design . The desi gn ve locities for the tunnels vary from six to sixteen feet
per second.

Material excavated during tunneling operations will be transported to the surface
either through a vertical shaft or an inclined ramp. With the large diameter boring
machine s, a skip-elevator cannot move material rapidly enough. Therefore , an

inclined ramp with a belt conveyor should be used. Conveyor systems as much
as 20 miles in length may be required to transport the rock to a removal point.

Depending on rock quality, the excavated material can be used for such things

as landfill or concrete aggreqate. If so used , it could reduce the cost of the

tunneling operation . However , no value has been assumed for the excavated
material in the cost estimates.

It is anticipated that the construction on the project will be carried out in three
shifts per day on a seven day per week basis. Based on this assumption
approximately two miles of tunnel will he constructed per boring machine in one
year. This assumes an availabilit y of 35 percent for the boring machines.

Vertical Drops

In the design of a tunnel and mined storage system each of the overflow points

17
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from the existing collection system requires a vertical drop for transporting the
flow to the underground tunnel system. These shafts vary in diameter from 2.5
to 6.5 feet. Sizing of the vertical shafts is based on a desi gn criteria suggested

in a report by the Environmental Protection Agency (9) . The desi gn of these

vertical drops assumes that they will be running full with a surcharge head on
the inlet of about five feet . Based on these assumptions the capacities of the

vertical shafts have been estimated to vary from 460 to 2,000 cfs . The vertical

shafts will be constructed by augering down from the grade to the tunnels or

by raise-boring methods. These shafts will be lined with a casing for structural
purposes and to minimize seepage of ground water. Provision w ill he made to

dissipate energy in an expansion chamber at the junction of these vertical drops

with the tunnels. Figure IV shows a typical lay out of a vertical drop and the

expansion chamber. A water cushion in the chamber will be used to dissipate the

energy.

Access Shafts

Access shafts are used for transporting men and equipment as well as for conveying

ventilation air and power conductors. These shafts vary in diameter from 20
to 35 feet. Larger sizes of access shafts will be used for the major pumping stations
to be located near the regional reservoirs. Access shafts will be constructed either

by conventional methods of drilling and blasting or by jacking and slip-form
construction. These shafts will be encased in concrete. One shaft should be provided
for every five miles of tunnel. This is the average distance a boring machine
can traverse before requiring major overhaul and reconditioning.

Interceptors

Interceptors are designed on the basis of Manning ’s formula for pipe flowing f u l l

with a roughness coefficient , “n” , of 0.013. These interceptors follow the natural
grade along the proposed interceptor routes as much as possible with an average
cover of 12 feet. Interceptors considered in this report are Class IV reinforced

concrete pipe.

18
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Force Mains

Force mains that are used to convey peak f lows i i  l ’sI j r i f d  for a rn , IX  m liii
velocity of about 15 feet per second . This high velocity wil l  0C j r f or r I - i l l  Ivel y

short periods of time during periods of peak flow. E ff luent fun , mains , ,re deSiclni d
for a maximum velocity of 10 feet per second. F irce mains wil l  fOl I u~~ i f  I X  s i nq

grade maintaining a minimum cover of 5 feet to I r ev f ’ r i t  i r i t ’ n t ’ rer ir . 1- w 1 t 1 1 local

underground utilities.

Mined Storage

Mined storage reservoirs are used to store the flows from the t -  i l f Is undir va rious
schemes discussed in this report. Two reservoirs are to be located beneath Lake
St. Clair , with one at Mt. Clemens and the other near the cunf l j uce of Cunners
Creek and the Detroit River. Rock formations in both of these areas consist of
the Traverse Group, limestone , shale and dolomite. The compressive stren gth of
these rocks will vary from 10,000 psi to 35,000 psi. Conventional long room
mining methods will he emp loyed for the construction of the mined reservoirs .
Figure V is a schematic drawing illustrating the long room mining method.

The size of the rooms will be determined by the stability of the rock . Rooms
forty feet wide and fifty feet deep have been used for estimating costs. The size
of the intermediate supports also will be a function of rock stability. Intermediate
supports may occupy from twenty to f i f ty percent of the total area . For the
desi gn purposes of this report , approximately f i f ty  percent of the area has been
assumed to he acquired for intermediate supports.

Drilling and blasting or boring machines will he used for the construction of these
reservoirs. Reservoirs will be concrete lined on the bottom to faci l i tate solids
removal. Concrete lining also may have to he provided on the sides in cases of
excessive ground water infiltration , low compressive strenqth of the rock or rocks
subject to deterioration by exposure to intermittent wetting.

-I
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p

• Surface Reservoirs

Two types of surface reservoirs are used in this report. Large reservoirs are designed
to store runoff from highly urbanized areas and vary in capacity from 7,500 MG
to 11 ,000 MG. Smaller reservoirs are designed to serve upland areas approximately
the size of one township and vary in capacity from 300 MG to 2,500 MG.

Surface reservoirs are designed as multiple cell units in order to allow f lexibi l i ty
in operation . Only the required number of cells will he used to contain the runoff
from a particular storm , thereby eliminating the necessity of operating the entire
facility for smaller storms. Also , the multiple cell concept allows one cell to be
empty for cleaning or maintenance without affecting the service of the entire
facility. For estimating purposes , rectangular shaped cell modules have been used.
It is recognized that other shapes may he more aesthetically appealing and they
can be incorporated into the detailed design. For design purposes a water depth
of twenty feet and a free board of four feet has been assumed for each cell.

Individual reservoir cells will be constructed of earthen dik .... with a slope of three
horizontal on one vertical. Each cell should be lined at the bottom and along
the sides with bentonite or some other impermeable material.

Design considerations as applicable to the large regional reservoir and smaller upland
reservoirs are discussed below:

Regional Surface Reservoirs

p
Regional surface reservoirs are divided into 500-MG storage capacity cells.
Each cell is 2,750 feet long and 1,375 feet wide covering approximately
85 acres of surface area. This provides a sufficient number of cells for each
reservoir to ensure proper flexibility in operation.

p

Storm water from the tunnels is pumped into the regional surface reservoirs.
Figure V I shows a typica l layout of the storage cells for a regional surface

22
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reservoir. As shown in the fi gure, storage cells are symmetricall y located
on either side of the center line of the underground tunnel . Each cell or
a pair of cells is served by a set of 100.MG pumps which are located in
the wet well adjacent to the tunnel. All pumps discharge to a common header
which carries storm water into each cell or a pair of cells. Influent water
flows over a concrete cascade structure which provides aeration to increase
the oxygen content of the water.

Effluent from each storage cell is taken through two pipes into a concrete
conduit. Each of these conduits is connected to six storage cells and designed

to carry approximatel y 1 ,000 MGD which is the design capacity of the receiving
treatment plant. Each of the conduits serving six cells discharges into another
concrete conduit along the sides of the cells which serves all storage cells
on one side of the tunnel. The concrete conduits are designed as trapezoidal
channels with a velocity of approximately seven feet per second.

Upland Surface Reservoirs

Smaller upland reservoirs are divided into multiple cells , each with a 100-MG
capacity covering approximately 20 acres of surface area. Figure V II shows
a reservoir with a typical multiple cell arrangement. The use of 100-MG cells
provides a sufficient number of cells to insure flexibility in operation of the
facility but does not necessitate excessive duplication of equipment and
facilities. It is recognized that an optimum size and number of cells exist

for each reservoir and that future detailed analysis of each rese rvoir and its
service area will provide this information.

Upland reservoirs with three types of influent structures are considered as
follows:

p

Type 1 Gravity influent structures

24

5-, 
-- 

- - -
~~~~ 

. - -- -  __ _—_1_ . 
—

• ~~~~~~~~~~~~~~~~~~~~~~~~ 
—— -- - -  -



20 MIF4

2dM
~4t

B4Q

_1
~i_T9 

, 

11 
_ _ _ _ _

OVERFLO1* TO
AD4ACENT EFFLUENT
CELLS 9 ~~NTAKF

A

OVERFL
~~~ I INFLUENT I TE FFLU ENT

STRUCTURE STRUCTUR E STRUCTURE

- 
_ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _

: :~
J 

L ~~~~~~~~~~~~~~~~~~~~~~~~~ 
EFFLUENT

- ~~~~~~~~~ 
-t INFLUENT

I I I !  I

— 

I I H I H I EFFLUENT

a ~~ ‘ INTAKE

TYPICAL IOO~~ ~OVERFLOW TO
MILL ION GALLON TO ADJ A CENT
CELL CELLS

— ~~~~~~~~~~~~~~~~~~~~~~ - -- - - _ _ _

PLAN
EXISTING M~T 10 SCALE

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ALL DIKES

SECTION A -A
NOT TO ScA i  F:

W~ISTEWATER MANAGEMENT SURVEY SCOPE STUDY
SOUTHEASTERN MICHIGAN AREA

TY PICAL 800 MILLION GALLON
UPLAND SURFACE RESERVOIR

U.S. ARMY ENGINEER DISTRICT DETROIT

FIGURE III
25

•‘t~~~~~~ 
~~- •- - - .- —

~~
:— --—-‘ • - -  ,~~~~~~~~~~~~ WWfl~~~~~~ —n--- -.--..- . ~~ -w; ~ - - - -  . - - -



Type 2 Pumped influent structures

Type 3 Diversion influent structures

Type 1 influent structures are considered wherever the relief is suffic ient for
the use of reservoirs with gravity influent without excessive encroachment
on the flood plain. Many more facilities of this type may be used if it is
possible to locate reservoirs in flood plains , but the desirability of this
arrangement is questionable. Type 2 influent structures are considered
wherever the relief is small , thus reducing the possibility of finding reservoir
sites suitable for gravity influent. Type 3 influent structures are considered
for currently developed areas or areas near lakes and large streams and are
used where the pumping station is at a location remote from the reservoir
site. Storm water interceptors are likely to be constructed in these areas
and the flow would be intercepted and pumped to a suitable reservoir site.

Two cells are served by a common influent structure as shown in Fi gure V I I .
A typical Type 1 influent structure contains mechanically cleaned trash racks
for removing large solids and large slide gates for controlling the flow into
either or both cells served by the structure. Erosion protection for the dikes
is provided by a concrete structure near the influent discharge.

A Type 2 influent structure is used in conjunction with a reservoir that requires
low lift influent pumping at the reservoir site. A typical influent structure
consists of pumps, pump structure , a building to house the pump motors
and controls , mechanically cleaned trash racks , slide gates for controlling the
flow and erosion protection for the dikes. Figure V II I  shows a detail of
the structure.
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A Type 3 influent structure is used in conjunction with a remote pumping
station . Storm water is pumped at a pumping station and transported to
the reservir influent structure by means of a force main. A typical influent
structure includes a diversion structure for controlling the flow into either
or both cells served by the structure as well as provision for erosion protection
for the dikes near the structure.

Effluent structures consist of a wet well and necessary pumps or control valves.
Two cells are served by a common effluent structure as shown in Fi gure
V II. The reservoir cells drain to the wet well where the storm water will
either flow by gravity to an interceptor system or be pumped to a major
collection interceptor or force main. The effluent rate is governed by an
automatic flow rate control valve with the gravity effluent system and by
the pumping rate with the pumped effluent system.

It is assumed that reservoirs with pumped influent have gravity effluent and
that reservoirs with gravity influent have pumped effluent , except in areas
where force mains are required to transport the Storm water from the reservoirs
to treatment facilities . In these areas reservoirs are required to have pumped
effluent regardless of the type of influent structure.

Each reservoir is equipped with overflow weirs to prevent the design capacity
of the reservoir from being exceeded. Overflows are discharged to the nearest
receiving stream.

p Underground Reservoirs

Underground reservoirs will be concrete structures with nominal earth cover. Each
reservoir is divided into several small chambers from which the overflow enters
large chambers. This is simil ar to the concept proposed by Roy F. Weston for
certain areas in the vicinity of Washington , D.C., (1O).The smaller grit removal
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chambers are designed for maximum velocity of one foot per second at peak
flows and equipped with mechanical solids removal equi pment. These chambers
allow the grit and heavier solids to settle out before the flow reaches the larger
storage chambers.

It is assumed that these reservoirs have gravity influent and pumped effluent with
each reservoir containing mechanically cleaned trash racks , large slide gates for
diverting flows to the different chambers , mechanically cleaned grit chambers , and
pumps for emptying the facil ity. Also it is assumed that all major equipment is
housed within a suitable building for this type of facility is being located in more
highly developed areas or parks. Figure IX shows a typical underground reservoir

Each reservoir must be adequately ventilated before personnel can enter the facil ity
for cleaning or maintenance. Because of the intermittent requirements for this
ventilation and the high cost of duplicating ventilation equipment at each reservoir
site , it appears that ventilation equipment mounted on portable trailers is the most
feasible solution to the problem.

The required ventilation fans are ei ght to ten foot in diameter. Approximatel y
eight of these units are required for each 100-MG of storage capacity in order
to ventilate the entire facility at one time.

Aeration could he included in this type of facility if it is necessary to insure that
the storm water remain aerobic under all conditions. Aeration could best he
accomp lished with a low pressure diffused air system.

It is possible that many of these underground reservoirs may be located in areas
with high ground water tables. In such cases it requires extensive dewater inq during
construction and necessitates protecting the reservoirs against flotation. This
increases the construction costs for these facilities as no submergence has been
assumed.
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Surface vs. Underground Reservoirs

Surface reservoirs will be used whe re t hey do not conflict with existing and planned
land use patterns. It is not expected that there will he any major nuisance problems
assoc iated with this type of f 5 i c i l i t y .  However , the large land requ irements , of

approximately 225 acres per 500 MG faci l i ty  (100 acres surface area ) , prevent
Its use ri more densely populated areas. The land required for a surface reservoir
facility may be developed into a )

~irk , but the necessity of emptying or nearly
emptying the reservoir after each storm would reduce its desirabil ity as a park
area. Underground reserve r~ require less land than an equ ivalent surface storage

facil ity, and they may be loc~-’ : d under parks and open spaces. This would allow
their use in more densely populated areas , but in many cases , their high cost
ma kes it more desirable to intercept and pump the storm water to a remote surface
storage facil i ty.

Pumping Facil it ies

The required pumping fac i l i t ies are divided into two major groups: ( 1)  influent
pumping and (2)  effluen t p u m p ing. lnfluent pumping is provided to handle peak
flows into the upland ,ind regional surface reservoirs Eff luent pumping is provided
from the upland reservoirs , when necessary, to discharge to interceptors or
treatment facil i t ies. Also , faci l i t ies are provided for pumping water from the
tunnels and mined storage reservoirs to the treatment facil i t ies at the ground level .

Many upland storage reservoirs will he located such that conditions do not permit
gravity influent of all runoff from the reservoir service area. In these cases influent
pumping is required. The peak flows to be pumped are based on the area served
and its population density as discussed in the Hydrologic Considerations section.

Upland reservoir service areas where the required l i f t  is small (less than 25 feet ) ,
are best served by screw pumps because of their ability to efficiently p u m p  widel y
varying flows at these small heads. Figure V II I  shows a typical installation using
screw pumps. These screw pumps are ten to twelve feet in diameter.

Upland reservoir service areas where the ii,,iil is higher than 25 feet or in areas
where the pumping station must t I C  b ii :,i t i ‘if r emote from the storage reservoir
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are best served by vert ical turbine pumps . Fi gur e X shows a typical turbine pumping
station. These pumps are 4 to 4.5 feet in diameter. An emergency by-pass must
he located in the vicinity of each pumping station to prevent flooding of the

p station in case of power failure.

lnfluent pumps for reg ional surface reservoirs are vertical turbine type and located
in wet wells adjacent to the tunnels. Figure Xl shows a typical lay out of a
wet well , pumps and screen chamber for influent pumping. A screen chamber
is provided ahead of the pumps in order to retain large solids and other materials
which mi ght cause problems in the operation of the pumps. The screen chamber
is sized for an approach velocity of five feet per second. The screen wil l he cleaned
using ~.. 5-foot travelling rake mechanism. The motor and other accessories for
the rake mechanism are located above the screen chamber in a room which is
kept under positive pressure to avoid entrance of water.

As shown in Figure Xl , an entrance gallery is used to connect the tunnel with
the wet well. The entrance gallery is desi gned to keep the approach velocities
in the wet well around two feet per second. The wet well is designed according
to the Hydraulic Institute Standards for multiple pump suction wells. Both the
wet wells and entrance galleries are concrete lined. A power operated slide gate

• is provided in the entrance gallery for stopping the flow into the well during
maintenance operations. Wet wells are to be located on either side of the tunnel
on approximately 460-foot centers.

Four-stage vertical turbine pumps with a capacity of 100 MGD have been used
for this desi gn. These pumps are located 15 feet on centers with the pump

motors located directly above the pumps on a concrete base at the ground surface.
Each pump is operated by a 5,000 horseoower motor. Figure V I shows the
lay-out of the motors. The design peak flows f i r  influent pumping into the reg ional
surface reservoirs are very high . Therefore , one set of pumps is used for pumping
storm water into each cell on the surface. The size of the wet well is adjusted
to accomodate the number of pumps in each set used with a particular desi gn.

Each set of pumps discharges into a common header near the surface which empties
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into the reservoir ce ll - Iii some cases of influe r -it pumping, one set of pumi s can
be used for two surface storage cells.

Effluent pumr~s may be requ red with the up land reservoirs for PLJ~~ Pi1l(t Storm
water to the interceptors or the treatment facil i t ies. The ca nac ity r~ f t Ii’~se i I i m r )s

is based on 0.003 inches per hour of run off from the contri buting drainage area.

Effluent pumps also are used for pumping storm water from the tunnels and mined
storage reservoirs to the treatment facilities at the surface. A set of 100 - M G D ,
four-stage , vertical turbine pumps are used for this purpose Total pump ing capacity

at any one treatment facility may vary from 400 MGD to 1,000 MGD depending

on the scheme and the location of the faci l i ty.  The basic designi considerations
for the entrance galleries and wet wells are the same as discussed under nfluent

pumping. The pump motors are located in a sealed chamber adjacent to t he wet

well. The chamber is concrete lined at the bottom and the sides. Each ch amber
is provided with an access shaft and ventilation shaft. An overhead crane is provided

for per forming maintenance work on the motors.

Solids Handling

Storm water contains a siqnificant amount of suspended material (500 1,500 ppm

of suspended solids ) of which a large percentage is expected to settle out in the

storage facilit ies. Also , solids will accumulate in collection tunnels as t he tunnels

are not designed to maintain adequate velocities at all times to keen solids in

suspension. Force mains and interceptors used for transporting collected storm
water to treatment facil it ies are designed to maintain adequate velocities which

prevent appreciable solids accumulation.

Periodic maintenance of the tunnels will include the removal of accumu lated so lids.

This can be accompl ished by using a remotely controlled machine cai iah i l i  of

loosening and transporting solids to collection points iie,ir regional storm wate r

treatment plants. The solids then will he pumpe d to exist in g solids hianilhi n ij

facilities at the treatment plants. This is more desirable than providing sepa rate

solids handling facil i t ies. Mined and under g round reservoirs can he cleaned hi ~
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a similar method.

In surface reservoirs solids will be allowed to accumulate to a depth of several

inches before they are removed . Nuisance problems of these accumulating solids

may be reduced by keeping them covered with one or two feet of water at all
times. A si milar type of operation has been very successful in reducing odor

problems in a facility in Springfield , Illinois ( 11) .

• 
Preliminary investi gations indicate that the required cleaning frequency in surface
reservoirs will be no more than once every few years. Cleaning may be accomplished
by rubber tired mac hinery capable of scraping, loading and hauling the solids to
the regional treatme nt or disposal facil it ies.

Coarse screening is provided in  the storm water collect ion and storage system
wherever pumping is required. The screens are placed ahead of the pumps in

order to protect the pumps from large obj ects which may clog or damage the

pumps. These screens will be self clea ning and , as part of a regular maintenance

p program , the screenings will be hauled to suitab le disposal locations.

System Reliability

System reliability refers to the safety features provided in the design to handle

situations arising from mechanical failures , the occurance of storms producing

runoff of greater magnitudes than the system capacity or unforeseen shifts or
failures in geologica l formations. Maximum system reliability has been incorporated
into the design of all schemes of storm water collection and storage by providing

p . . . -various design features for each component in order to insure their operational

and functional reliability. Some of the major design features from the system
reliability aspect are discussed below:

1. Upland storage facilities are designed as multiple cells in order to protect against
failure of any one cell. Flooding of the influent pumping stations is prevented
by the diversion structures included within their design. Storage cells are protected
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against accidental flooding by the overfl ow structures. All t he storage cells will
be lined in order to prevent any ...ontamination of the ground water.

2. Diversion structures are included at each of the vertical drops for bypassing
flows. Tunnels are sized and sloped such that flow can be taken to any one
of the two regional reservoir sites in Schemes One , Two and Five and any one
of the two mined storage sites in Schemes Three and Four. Lining of tunnels is
provided wherever rock strength is questionable. The use of control gates or
bulkheads at the junct ion of two tunnels in order to isolate sections of tunnels
for maintenance was investigated . However , due to their h i gh cost and their
use only during an anticipated rare occurance of failure of a section of the tunnel ,
they are not included in the tunnel desi gn. If such an emergency does occur
it will be more economical to construct a temporary bulkhead to perform the
needed maintenance on the system.

3. A continuous source of power supply for all the pumping facili ties is of utmost
importance. Power failure at any of these pumping facilities will seriously hinder
the functioning of the system. Two independent sources of power supply are
necessary for each of these facil i t ies wherever practical. In case of influent pumping
facilities , dual power sources may he economically provided only for a portion
of the facilities.

The operational reliability aspects of the entire system should be considered in
detail in the future phases of planninq. A centrally controlled program is necessary
for monitoring the flow conditions at any poIn t in the collecti on system. Suitably
located sensing devices can accomplish this purpose. The locations and the type
of suitable sensing devices should be evaluated.
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D E S I G N  OF A L T E R N A T E  S C H E M E S

Five alternate schemes of collection and storage systems for combined and separate
storm sewer overflows have been evaluated for the study area. All five schemes
provide an integrated system utilizing interceptors , force mains , deep tunnels , and
surface and mined storage reservoirs to collect and contain the combined sewer
overflows and separate storm sewer overflows from the 1990 projected sewered

areas of southeastern Michigan. Urbanized areas with high population densities
and low availability of vacant lands are being served with deep tunnels and remotely
located large surface or mined storage reservoirs. The more sparsely populated
areas are being served with interceptors and local surface reservoirs. The service
area for this report has been divided into seven drainage sub-areas as shown in
Fi gure I.

SCHEMES ONE AND TWO

Under these schemes , two types of a collection and storage system are proposed.
In highly urbanized areas , large deep-tunnel interceptors , capable of handling peak
storm flows , transport runoff to two large , regional surface reservoirs and
subsequently to treatment facilities located along the North Branch of the Clinton
River in Macomb County and near the mouth of the Huron River in Monroe
County. The remaining areas are served by a multiple storage-interceptor system
in which smaller intermittent storage facilities are used to absorb peak storm flows.
Effluent from the storage facilities is discharged into the regional interceptors and
treated at the local or regional treatment facilities.

The communities of Armada , Richmond , Memphis , Romeo , Manchester , Adr ian ,
Tecumseh , Bhissfie ld and Dundee are provided with individual storage reservoirs ,
and are not included as part of the total collection system because of the high
cost of the required connecting interceptors. These communities are more
economicall y served by some type of local treatment.

I

The proposed storm water collection and storage system for Schemes One and
Two is shown in Figure X II. Both schemes provide pick-up points for treatment
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at Algonac and the two regional surface reservoirs. In addition , Scheme Two also
provides two additional pick-up points for treatment of storm water collected from
drainage sub-areas E and G. These pick-up points are located near Plymouth and
Ypsilanti as shown in Fi gure X II .  Treatment at these two points reduces the sizes
and lengths of the interceptors required for transporting storm water to the tunnels.
This does not result in any change of tunnel sizes for Scheme Two from Scheme
One. Another si gnificant change between these schemes occurs in the total
quantity of annual power consumption for pumping storm water from the tunnels
to the surface reservoirs. The annual power cost for Scheme Two is less , because

this scheme has less total quantity of storm water to pump than Scheme One.

Table 2 summarizes several major components of the collection and storage system
for Schemes One and Two for each drainage sub-area. These are tunnels , vertical
drops , access shafts , interceptors , force mains , surface reservoirs and pumping
requirements. This table shows length , size , capacity, number of units , power
requirements and land requirements as they are appitcable to the various
components.

A total of 134 miles of tunnels are required in Schemes One and Two . They
vary in size from 18 to 48 feet in diameter. Approximatel y 34.4 miles of tunnels
require concrete lining because of the structurally weak geologic formation , and

the remainder may require lining in some areas. Design velocities for the tunnels
vary from 6 feet to 16 feet per second. The tunnels provide approximately twenty
percent of the total storage required for the areas being served by the tunnels.
The remaining storage is provided in two reg ional surface reservoirs located in
Macomb and Monroe counties.

Schemes One and Two each require 51 surface reservoirs of which 49 are sri-iall
upland surface reservoirs serving the sparsely populated outlying areas and two
are large regional surface reservoirs serving the urbanized areas. Upland reservoirs
vary in capacity from 300 to 2400 million gallons. Table 3 summarizes the storage
requirements for the various drainage sub-areas along with the amount of storage
being provided in the reservoirs and the tunnels. Each of the two reg ional surface
reservoirs has a storage capacity of 11 ,000 million gallons. Two alternate sites
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for these reservoirs have been shown in the Fi gure X II. Field investigations will
be necessary in order to determine final sites.

The basic configuration of the storage cells for the reg ional reservoirs is shown
in Figure VI. Twenty-two cells of 500 million gallons each , provide the total
storage of 11 ,000 million gallons. The tunnel coming to the reservoir site is located
below the center-line of the site with storage cells symmetrically located on either
side. Each reservoir site requires approximately 3,200 acres of land including
isolation of 1,000 feet on all sides from the surrounding areas. Storage site
locations for the upland surface reservoirs are very general . Specific sites will have
to be investi gated for each of the reservoirs.

Vertical drops are used wherever necessary to direct the storm water flows from
the surface collection system into the tunnels, These vertical drops have not been
shown on the map of the proposed facilities for Schemes One and Two. An estimate
has been made f or the total number of vertical drops required and is included
in the summary tables 2, 6 and 7. This estimate is based on the known overflow
points in the existing combined sewer systems and the additional points required
to collect storm water from the separate sewer systems.

Access shafts are provided every five miles of the tunnel length. Twenty-foot
diameter access shafts are provided for transporting men and equipment during

construction. Larger thirt y-five-foot diameter shafts are used tor pumping stations

at the two reg ional surface reservoirs.

-‘ 
The interceptors included in Table 2 are required to transport stored storm water
from upland surface reservoirs to pick-up points for treatment or to the tunnel
interceptors.

The force mains refered to in Table 2 summarize both influent and eff luent force
mains. Influent force mains are provided to carry flows between pumping stations
and upland surfac e reservoirs in cases where the pumping stations are located remote
from the storage sites. Effluent force mains are required to transport collected

storm water from upland surface reservoirs in areas where there is not enough

• available ground slope to use gravity interceptors.
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Pumping requirements are summarized in Table 2 for both upland and requ)ilal

reservoirs. I nfluent and eff luent pumping for upland reservoirs is provided as
discussed in the Design Considerations section .

No effluent pumping is assumed to he required for either of the two reg ional
surface reservoirs. Influent pumps for the Macomb County reg ional surface reservoir

are sized to handle a peak flow of 17 ,800 MGD , and those for Monroe County
r&jional reservoir are sized for 11 ,000 MGD. The pump ing capacity of 17 ,800 MGD
is provided to handle peak f lows from the entire urbanized area in the event of

any emergency failures in the Monroe county pumping or storage facilities.

Twenty-two wet wells , each housing eight vertical turbine pumps of 100-MGD
capacity, are used for influent pumping at the Macomb County reservoir. These
wet wells are located on alternate sides of the tunnel at 460-foot centers. Motors
for the pumps are located at the ground level. Each set of ei ght pumps discharges
into a 12-foot diameter force main which discharges into one storage cell. The

layout of the wet wells and pumps is the same as discussed under Design
Considerations section.

The Monroe County regional surface reservoir has eleven wet wells , each housing

ten 100-MGD vertical turbine pumps , for influent pumping. Each set of ten pumps

discharges into a 14-foot diameter force main which discharges into a pair of storage

cells. Pump motors are located at ground level.

Land requirements have been estimated for surface reservoirs only. The estimat es
are based on the reservoir configurations discussed under Desi gn Cons iderat ion’~
and include an isolation zone of 800 feet on all sides for upland reservoirs and
1000 feet for regional reservoirs.

The total ow ’r regti irements shown in Table 2 are based on pumping rates

equiv~iIPnt to 0.003 rithes of runoff per hour over the contr ibuting drainage areas
for a period of 20 days per year. Peak power requirements have also been
estimat ed for locations where they ai~ of sufficient magnitude to have a large

impact on the available power supply. These estimates are shown in Table 4.
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Treatment rates for the various sub a ea treatment faci l i t ies for Schemes One and
Two are summarized in Table 5.

SCH E M E S  T H R E E  A N D  F O U R

Schemes Three and Four are based on providing mined storage for the urbanized
areas and sur f ace storage for sparsel y populated outlying areas. The collection
system as well as the number and location of upland reservoirs for Schemes Three
and Four are essentiall y the same as in Schemes One and Two. These schemes
have been considered because of the large land requirements for the reg iona l su r face

reservoirs in Schemes One and Two. In case of unavailability of such land areas

or public opposition to the proposed large surface reservoirs , Schemes Three and
Four offer an alternative to Schemes One and Two. Schemes Three and Four
also differ from Schemes One and Two in regar ds to the locat ion and capac ity

of the treatment facil i t ies as sh own ii. the Table 5.

The proposed storm water collection and storage system under Schemes Three and
Four is shown in Fi gure X I I I .  Both schemes provide pick-up points for treatmen t
at A lqonac , each of the two mined storage sites and near the mouth of the Huron

River . Scheme Four like Scheme Two also provides two additional pick-up points
for sub-areas E and G.

Table 6 summarizes the major components o~ the proposed storm water collection

and storage system for Scheme Three and Four. Mined reservoirs provide a
total storage of 23,000 MG and the remainder is provided in the tunnels and upland
surface reservoirs , Table 3 presents a breakdown of the storage provided in tunnels ,
upland reservoirs and mined storage. Storage capacity in the tunnels is based on
zero surcharge on the mined storage reservoirs. Any surcharge on the system will
result in additional storage within the tunnel system. Tunnels provide approx imate ly
5,400 million gallons of storage ,

Schemes Three and Four have two mined storage reservoirs which are located

beneath Lake St. Clair. A 12,000 -MG mined storage reservoir is located in  the

vicinity of the confluence of Conners Creek and the Detroit River. A 11 ,000-M G
mined storage reservoir is located near the mouth of the Clinton River. Assuming
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that f i f ty percent of the area is available for storage , approximately 2.3 square
miles are required for the 12,000-MG storage reservoir and 2.1 square miles for
the 11 .000-MG storage reservoir.

Effluent pumping facilities are provided under Scheme Three and Scheme Four
to pump out storm water from the tunnels and mined storage. These facilities
have been sized according to the capacity of the treatment facilities which are
summarized in Table 5.

0
SCHEME F I V E

Scheme Five consists of a combination of surface and mined storage for urbanized

P 
areas and surface storage for sparsely populated areas. The collection system , as

well as the number and location of upland reservoirs , is the same as in Schemes
One and Three . Scheme Five has been considered because of the high peak power
requirements for influent pumping to regional surface reservoirs in Schemes One
and Two and the high cost of mined storage in Schemes Three and Four. By

• providing a minimum of mined storage along with the surface storage , influent

pumping requirements are considerably reduced.

The proposed storm water collection and storage system for Scheme Five is shown
p in Figure XIV . Treatment plants are located at Algonac , at each of the two surface

reservoir sites and at the mined storage site.

Table 7 summarizes the major components of the proposed storm water collection
and storage system for Scheme Five. A total of 23,000 MG of storage is provided
in two regional surface reservoirs and one mined storage reservoirs. The rest of
the storage is provided in tunnels and upland reservoirs, Mined storage with a
capacti y of 5,000-MG is located beneath Lake St. Clair near the confluence of
Conners Creek and the Detroit River. Two regional surface reservoirs of 8,500-MG
each are located in Macomb and Monroe counties as in Schemes One and Two.
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Mined storage for Scheme Five reduces the peak pumping requirements for the
regional surface reservoirs. Influent pumping facilities for Macomb County regional
reservoir are designed to handle 10,800 MGD , and the Monroe County regional
reservoir pumping facilities are designed for 5,400 MGD. A 440-MGD pumping
station is also provided for pumping storm water from tunnels and mined storage
to the Conners Creek treatment plant.

Treatment rates for the various drainage sub-areas and the treatment facilities for
Scheme Five are summarized in Table 5.

I

1
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COST E S T I M A T E S  F O R  A L T E R N A T E  S C H E M E S

Cost estimates for Schemes One throug h Five are discussed in this section. A
tabular summary including costs for land , construction , contingencies , and annual
operation and maintenance is included for each scheme. Annual ca pital cost
estimates are based on interest rates of 5-1/2 percent , 7 percent and 10 percent
with a 50-year project life. Estimated unit prices for construction of the various
components of the storm water collection and storage system are included in
Supplement B,

Unit prices are based , wherever possible , on actual construction costs for similar
projects. However , land costs vary widel y within the study area making them

difficult to estimate. In addition , land costs may escalate at proposed reservoir
sites . Therefore , a uniform land cost of $5,000.00 per acre is used throughout

the entire service area.

Annual operation and maintenance costs for the pumping facilities also include
replacement cost. In estimating these replacement costs , it is assumed that effluent
pumps and motors used wit h the upland reservoirs and for pumping storm water
from the tunnels and the mined storage to the treatment facil it ies at the ground

surface have a life of 25 years. Those pumps and motors will be rep laced once
during the 50-year life of the project. Reservoir influent pumping facilities and
screening facilities will not have to he replaced during the life of the project.

COMP ON ENT COSTS

Assumptions used in arriv ing at unit prices of construction and operation and
maintenance for each component of the storm water collection and storage system
are discussed herein :

Tunnels

Unit prices for construction of tunnels have been summarized in Table B-i , Unit
prices have been arrived at based on hid prices of two tunneling projects in the
Chicago area and on contacts with various equipment manufacturers. The following
assumptions have been made:
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1. Advance rate of 35 feet per day for tunnel construction ( 24 hour per
day operation).

2. Excavated rock from the tunnels does not have any salvage value ,

3. Equipment used on the project does not have any salvage value.

4. 12-inch concrete lining will be provided in areas of tunnel construction
where necessary. Concrete cost for lining tunnels is $65 per cubic yard.

Vertica l Drops

The unit price for construction of the vertical drops is assumed to be $45 per
foot of diameter per foot of vertical drop. This represents an average price for
2 to 6.5 foot diameter drops. This price also includes costs for the construction
of an expansion chamber and associated structures at the bottom of the drop.

I
Access Shafts

Unit prices for construction of the 20-35 foot diameter access shafts is assumed
to be $200 per foot of diameter per foot of vertical drop. This includes the cost of
providing an elevator and associated mechanisms for transportation of men and
equipment.

Annual operation and maintenance costs for the above three components have been
• grouped together. These costs are based on cleaning tunnels once every year and

periodic cleaning of expansion chambers in vertical drops. Cleaning operations will
be performed using a modified Street cleaning machine. The estimated unit price for
operation and maintenance of the three components is $1 ,000 per mile of tunnel

• per year.

Force Mains and Interceptors

Force main and interceptor cap ital costs are shown in Table B-2. The interceptor
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costs are for Class IV reinforced concrete pipe , and the force main costs are for
prestressed concrete embedded cylinder pipe. The costs shown are based on similar
projects in the study area. For these larger sizes of pipe , the higher fabrication
cost of the prestressed concrete embedded cy linder pipe approximately equals the

higher installation cost usually associated with gravity interceptors. For estimating

purposes the same unit costs were used for interceptors and force mains.

Mined 5 - ’ rage

Mined storage construction costs are presented in Table B-3. These are based on

the following assumptions:

1. Unit price for excavation of smaller reservoirs (500 MG or less) is S20
per cubic yard and for larger reservoirs (10,000 MG or more) is $1 5
per cubic yard. The unit price varies linearly for reservoirs in between
500 MG and 10,000 MG storage capacity.

2. Floors of the reservoirs are concrete lined with 8-inch thick concrete.

3. Reservoirs are constructed using long room mining methods.
Conventiünal blasting is used for construction of the rooms and boring
machines for the crest portion of the rooms.

Annual operation and maintenance on the reservoirs include removal of the

deposited solids and check ing for any visual structural weaknesses in the rocks.

A unit price of $25 per million gallon storage capacity of the reservoir is used
for this purpose.

Surface Reservoirs

Surface reservoir construct ion costs ~irs~ divided in two parts: (1) regional reservoirs

and ( 2) upland reservoirs. Both costs have been based on the following unit

prices:
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Site preparation @ $1 ,000.00 per acre

Excavation (balanced cut and fi l l) @ $1.50 per cubic yard

Lining @ $0.24 per square yard

Fencing @ $4.50 per lineal foot

Landscaping @ $2,500 per acre

Concrete @ $125.00 per cubic yard

Compacted road gravel @ Si 45 per square ~ s r i  for 8 - inches of gravel
thickness.

Table B-4 presents a summary of the construction costs for regional reservoirs in
Schemes One , Two and Five. Construction costs for upland surface reservoirs with
three different kinds of influent structures have been summarized in Tables B- 5
through 8.7.

Operation and maintance costs for upland storage reservoirs are estimated at
$60,000 per year per storage facility. This estimate includes costs for grounds
upkeep, general maintenance , cleaning and screenings removal. Operation and
maintenance costs for regional stoi age reservoirs are included in Tables 2 and 7.

Underground Reservoirs

Underground reservoir costs are obtained using capital costs for site preparation ,
excavation , concrete , grit removal equipment , screening equipment , diversion gates ,
effluent pumps and superstructure as shown in B-8 .

Pumping Facilities

Construction costs of various ps , -ping faci lities are presented in Tables B-6 and
8-9 through B-il. Influent pumping facilities for upland reservoirs are summarized
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in Table B-6 and B 9. Effluent pumping costs for upland reservoirs are summarized
in Table B- l i .

Table B- b summarizes costs of pumping stations used with reg ional surface and
mined storaqe reservoirs in Schemes One through Five. Pumping stations used
for pumping storm water into the surface reservoirs are summarized under influent
pumping. Those used for pumping storm water to the treatment facilities are
summari zed under eff luent pumping. In these cost estimates , it has been assumed
that motors used with influent pumps are located at the ground level while those
used with the effluent pumos are located adjacent to the wet wells in bed rock
formations. The cost estimates show that it is slightl y costlier to ir~:tall motors
at the ground level than in the bed rock for the same size of pumping station ,
but this offers a considerable advantage in operation and maintenance of motors ,
providing ease of accessibility.

Annual operation costs for the pumping facilities are based on power cost of 0.9
cent per ki llowatt -hour, Annual maintenance costs for the pumping facilities and
related structures are based on 0.1 cent per killowatt-hour of power consumption .

COSTS FOR S C H E M E S  ONE A N D  TWO

Construction and operation and maintenance cost estimates for Schemes One and
Two are presented in the Table 2. Scheme One has slightl y higher total capital
cost (2,581.71 vs 2,561.62 million dollars ) because of the interceptors and force
mains used for bringing flows from sub-areas E and G to the tunnels. The cost
differential between local treatment plans and reg ional treatment plants for serving
sub-areas E and G must he included in cost estimates for Schemes One and Two
for a valid comparison of the two schemes. Annual operation and maintenance
costs for Scheme One also are higher than for Scheme Two (7.14 vs 6.42 million
dollars) because the total quantity of pumping required for Scheme One is higher
than for Scheme Two.

The total annual cost for Scheme One is 159.619 m ilion dollars and for Scheme
Two is 157.712 million dollars based on an ammortization of capital cost at 5-1 2
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percent for a 50 year project life. A comparative cost summary for all the five
schemes is presented in Table 8. It should be noted that cost estimates for Schemes
One and Two do not include any capital costs for additional generating facil it ies
which may I.e required to suppl y power to the various pumping facilities. Since
the power requirements under these two schemes are very substantial , further
investigations regarding the power cost should be made.

COSTS FOR S C H E M E S  T H R E E A N D  F OU R

Table 6 summarizes construction and operation and maintenance costs for Schemes
Three and Four. Scheme Three has slightly higher capital cost and annual operation
and maintenance costs as compared to Scheme Four because of the reg ional

treatment of storm water flows from sub-areas E and G. Total capital cost figures
for Schemes Three and Four , like Schemes One and Two , do not include the
cost differential associated with local and regional treatment plants for sub-areas
E and G.

Total annual cost for Scheme Three is 282 million dollars and for Scheme Four
is 280 million dollars based on ammortization of capital cost at 5-1/2 percent
for a 50 year project life.

Table 8 shows that it costs approximately 122.5 million dollars more annuall y

to provide mined storage as opposed to surface storage. However , evaluation of
the desirability of mined storage versus surface storage should include assessment
of the environmental impacts of the alternatives.

COSTS F OR SCHEM E F I V E

Scheme Five cost estimates are summarized in Table 7. Total capital cost is 2,981.1
million dollars. Total annual cost including operation and maintenance is 183
mi l l i on  ~iollars based on an ammortization of capital cost at 5- 1/2 percent for
a 50 y project life.

In total annual cos t , Scheme Five is about 99.0 million dollars less than Schemes
Three and Four and 23.0 million dollars more than Schemes One and Two. The
additional cost of Scheme 5 should be evaluated against the benefits derived from
providing a combinatio’~ of mined and surface storage. A detailed discussion of
these benefits is included in the Recommendation Section.
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RESOURCE R EQUIREMENTS

Resource requirements of any proposed project are of increasing importance as

mor e and more demands are impOSed on the limited resources of an area , The
following section describes the significant resource requirements of the storm water
collection and storage systems discussed in this report.

LAN D

Large tracts of land are required for surface storage facilit ies and will he committed
for the life of the project. Typica l upland reservoirs used in outlying townships
require 300 to 400 acres of land per township. Large regional surface reservoirs
serving urbanized areas require as much as 3210 acres per r eservo i r . Two such
reservoirs are required to serve all urbanized areas with surface storage. The
extensive use of underground or mined reservoirs can reduce land requirements ,
but their capital costs a~e significantl y higher than that of the surface storage.

POWE R

Very large power requirements (7 20 to 1 ,140 megawatts) are necessary for schemes
involving the use of regional surface reservoirs. These power requirements are for
pumping peak flows from the tunnel system to storage reservoirs and will only
occur during desi gn storm conditions for a very short period of time. This type
of intermittent peak power demand is very costly to supply. The use of mined
storage reduces excessive peak power demands because the only pumping associated
with mined reservoirs is effluent pumping . This pumping is at a much smaller
rate and for longer periods of time.

CONSTRUCTION EQUIPMENT

The boring machines required for the larger diameter tunnels have not been
developed at the present time. The largest boring machine that has been used
to this date (1972) is 36.0 feet in diameter. It is assumed that technological

• advancements will make larger diameter machines available in the near future. If
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these machines are not available when required , smaller parallel tunnels or
conventional mining methods will have to he used in some areas. Some new
machines also will have to he developed for the cleaning operation of tunnels and
mined storage facilities.

LA BOR

The simultaneous construction of many of these proposed faciliti es may impose
a significant drain on construction and labor forces in the study area resulting

in overall higher construction costs. The effects of this can he reduced throuq h
proper time phasinq of construction.

FI NA N C I N G

Financing of the project under consideration forms a very important resource
requirement. Since the financing of this project will have to be arranged through
mutual cooperation of local , reg ional , state and federal governments , a considerable
amount of planning is involved. This will affect financial planning of the various
governments involved. A detailed analysis of costs arid benefits of such a project
is very essential and highl y desirable.
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CONST R U C T I O N  T I M E  PH A S I N G

Maximum benefit from the proposed storm water collection and storage program
will only be realized through a carefully planned construction sequence. The slow
advance rates obtained in tunnel construction and mined reservoir construction
along with the size of the proposed system make timing an important consideration.

The project requires approximately 72 billion gallons of storage which is provided
by surface reservoirs or a combination of surface and mined reservoirs. In addition ,
the project involves approximately 134 miles of tunnels varying in diameter from
ei ghteen feet to forty-eight feet , 132 vertica l drops varying in diameter from two
to six and one-half feet , 31 access shafts and 310 miles of interceptors and force
mains. Also , modifications will have to be made to existing storm water collection

systems in order to adapt them to the proposed system.

The project is to be constructed in three phases over a fifteen year period as directed
by the U.S. Army Corps of Engineers. The first phase , 1975 to 1980, involves
the construction of tunnels , storage and related structures to intercept storm water
from the existing combined sewer overflows presentl y going into the Ecorse Creek ,
Detroit River , Red Run Drain and the Rouge River and its tributaries.

The second phase , 1980 to 1985, involves the construction of facilities required
to collect and store storm water runoff from areas that have existing separate storm
sewers. In general this means that the tunnels constructed in the first phase
will be extended to cover the remaining urbanized areas and that a major portion
of the upland reservoirs and associated interceptors will be constructed.

The third phase , 1985 to 1990, involves the facilities required for the control
of storm water runoff from areas that are presently unsewered but projected to
be sewered during the life of the proj ect. This will involve the construction of
additional upland reservoirs and connecting interceptors.
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A more detailed discussion of the time phasing for the recommended scheme is
presented in the Recommendations Section.

Although three construction phases as discussed above were assigned for this report ,
a more realistic time table may involve as much as ten years for each phase in
order to avoid simultaneous construction of many of the facilities which m a y  pose
some p lanning and scheduling problems. For example , in order to construct the
134 miles of tunnels in a ten year period , a minimum of seven boring machines
must be in full time operation for the ten year period (one borinq machine may
be expected to complete two miles of tunnel per year). Also , in order to allow
time for detailed design and system optimization , a more realistic starting
construction date may he in the late 1970’s or ear ly 1980’s, as against 1975 assi gned
for this report.
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R E C O M M E N D A T I O N S

This section deals with the recommended scheme of storm water collection and
storage and discusses the areas that should be studied further in the future phases

of storm water planning and control for southeastern Michigan. The recommended
scheme also should he evaluated in the light of the total storm water pollution
abatement program for the study area.

R ECOMM EN D E D SCHEM E

Scheme Five is the recommended scheme for the various advantages it offers over
the other four schemes. It provides a combination of surface and mined storage
reservoirs for the highly urbanized areas and multiple surface storage reservoirs
in the less urbanized outlying areas.

The estimated construction cost of Scheme Five as shown in Table 8 is considerably
less than Schemes Three and Four but more than Schemes One and Two - The
major cost difference between the various schemes is due to the type of reg iona l

storage (mined or surface ) that is used for the urbanized areas. Schemes Three
and Four are based on total mined storage for these areas while Schemes One

and Two are based on total surface storage. The cost of providing mined storage
is considerably more than that of the surface storage which accounts for the higher

costs of Schemes Three and Four. For the same reason Scheme Five is
approximately 400 million dollars costlier in cap ital cost than Scheme One. This
cos z difference is sliqhtly misleading without including the impact of the proposed
schemes on the available sources of electrical power supply in the area. It is highly
probable that new power plants will have to be constructed in order to meet the
power demands of the proposed facilities.

Scheme One has very high peak power requirements for pumping peak storm water
flows from the tunnel system to the surface reservoir. This requires very large
amounts of power to be available on a stand-by basis. Since this type of power
is not available for other uses, the ca , ital cost of producing this power should
be included in cost estimates in order to realistically compare the Schemes. By
including mined storage in Scheme Five , the peak power requirements of Scheme
One are reduced by approximately forty percent. This may reduce the capital
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cost difference between Schemes One and Five hy as much as 50 percent.

Scheme Five offers several advantages which make it more desirable than Scheme
One in spite of the higher capital costs. These are discussed as follows:

1. The proposed system under Scheme Five is well suited with
respect to the immediate service needs of the study area.
The existing combined sewer systems that cause overflows
of raw sewage and storm water into the Ecorse Creek , the
Rouge River and the Detroit River need immediate relief
in order to reduce the potential health hazards associated
with these overflows. The mined storage in scheme five is
located at the confluence of Conners Creek with the Detroit
River and it becomes quite feasible to construct tunnels to
collect overflows from most of the combined sewered areas
and construct a mined reservoir to store these flows in the
first phase of construction. Storm water treatment will be
provided at the Conners Creek regional plant which will also
be constructed during this phase. In order to accomplish

the same degree of storm water control under scheme one

approximately 30 additional miles of tunnels are required

in the first phase of construction to bring storm water runoff
to a regional surface reservoir. Since onl y a limited number
of miles of tunnels can be constructed in any period of time
due to the practical limits on the number of boring machines
that can efficiently operate in an area , this additional 30
miles of tunnel construction in scheme one will delay the
implementation of the first phase of the storm water control
program. Any such delay will prolong adverse effects on
the public health and welfare caused by the present
combined sewer overflows.

2. The inclusion of mined storage and a treatment plant near
Conners Creek in scheme five will provide operational
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flexibility. For example , it may be possible to operate the
Conners Creek treatment plant on a continuous basis with
other regional plants operated only as required. This mode
of operation should reduce the annual operation costs for
treatment facilities.

3. Scheme five requires approximately twenty percent less land
than scheme one for regional surface reservoirs , thereby
making an important natural resources available for other
purposes.

4. The proposed system under scheme five will not require the
purchasing of any land for storage reservoirs in the first phase
of the project. The process of acquiring land from the
private owners will he very time consuming and may involve
relocating several families. Scheme five will provide more
time to accomplish this.

RECOMM E N DATI ONS FOR F U T U R E  S T U D I E S

During the course of this study it was recognized that some areas will need further
investigations for designing and implementing the proposed storm water collection
and storage scheme. These areas are discussed in the following sections.

Hydrologic Studies

Hydrologic considerations form the backbone of a storm water collection and
storage system design. Peak flow rates and volume of storm water runoff are
two such important considerations. The unit hydroqraph- infiltration capacity

• approach used in the report for estimating peak flow rates should be further
modified using computer aids for evaluating the effect of the direction and
movement of the storms.
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Geologic Studies

In order to determine suitable rock formations for locating tunnel routes , mined
storage and pumpin facil i t ies , detailed geolog ic investi gations are necessary. Test
boring, geologic mappinq , studies of existing well logs, and proven geophysical
techniques are some of the conventional underground exploration methods which
can Lie employed. The more recent techniques for investi gating underground
conditions employ remote sensing devices , seismic holography, electromagnetic
pulse sounding, and optical scanning for structural features. These various methods
should be studied in reoarinq a program for geologic investigations.

Optimazation of Design

Before detailed design is performed for the various components utilized for storm
water collection and storage , the overall system must he optimized. Hydraulic
analysis of t L i :  tunnels using computer assistance is required in order to determine
the effects of slope , lining, surcharge and various storm patterns on the required
sizes of tunnels. Flood routing procedures can be used to minimize the required
storage without sacrificin g the integrity of the program. As more detailed power
costs become available , it will he possible to optimize the amount of storage that
should be provided in the regional surface vs. mined reservoirs.

Aeration Studies

The need of providing aeration in storm water collection and storage systems was
considered during t he study proqram. It was concluded that aeration will not
be required because of the very rare circumstances under which anaerobic conditions
will occur in the system. The very slow rate of oxygen consumption by the
storm water was a primary reason for arriving at this conclusion. It is recommended
that pilot plant investigations incorporating the proposed methods of operations
of storage facilities should he undertaken in order to establish the validity of the
above assumption. Studies should he conducted on both separate storm sewer
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and combined storm sewer overf lows. These same studies may be used to investi gate
the amount of solids accumulation that may be expected in the facilities , which

will decide the operation and maintenance necessary for the proposed storage
reservoirs.
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ANDREW J. MOZOLA , Pi.~.D.

£‘o,~ uLiLn~ ~~1olosj  lit

SUBJECT: Storm ~.-Iater Thn.nel Project —— Preliminary Geologic Considerations.

TO : ~r. Robert Gregory, Chief BaSin Planning Section ,
U. S. Army ~~gineer District, Detroit, P. 0. Box 1027, Detroit,
Michigan , 48231

DATE June 2 , 1972

Introduction 
-

~ichigan is a structural basin in which the sedimentary rocks of
Paleozoic age d.ip inwardl y from all directions toward the central area
of the Southern Peninsula. The project area is situated along the south-
east rim of this basin and , hence , the sedimentary strata have a general
northeast—southwest strike with a gentle regi onal dip to the northwest.
~~ccept where local rock structures are involved , the regional dip is
usually less than 40 feet per mile. The rock surface is dissected by
numerous valleys of which some may exceed 200 feet in depth. The soil
overburden will vary in thickness from less than 10 feet to more than
400 feet. Thickest overburden is usually found iii those areas where

• morair.ic ridges cross or coincide with bedrock valleys.

St rati’-r a~ hv arid Litholo~gy

A review of the proposed storm water tunnels with respect to the
geology of the southeastern Michigan area indicates that the followin g

• rock units will be encountered in the course of tuanel construction:

Coldwater Formation (youngest) shale , some sandstone
Sunbury Formation shale , dark brown to black
Berea Formati on sandstone , shale
Bedford Formation shale

P Antrirn Formation shale , dark brown ~to black
Traverse Grcup shales , limestone , dolomite
Dundee Formation limestone , some dolomite
Detroit River Group

~nderdon Formation limestone
Lucas :‘or~~tion dolomite

• ~mherctberg Formation dolomite
Sylvania Formation . sandstone, dolomitic sandstone

i~~is ~1anc Formation dolomite
Bass Islands Group

:~~iair. hiver Forr.~~tion dolomite
P~t— in — ~ ay Formation dolomite

• Sau na Group (uppe r portion ) dolomite , siialy dolomite , shale.

With the exception of the Sylvania sandstone formation , it is to be
noted that a carbonate 1itholo~~ , with some 6hale horizons , dominates the
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2. ANDREW J. MOZOLA , PH.D

~.‘o, zi t41 h~~..1 ~~~~~

sc.j~esce fr~-s th e u e r  ~~li~,;i u~~/drct.ly t:rou{h th~ Dundee forsatic~r,. Car-
bonate rocks (limeat. -ncs , d~ lo:~j t ec  ~& : u.’il as the~r shaly counterparts)
are co :uidercd  as bcin~ soluble ~.n d thus prone to solution b :i ground—water
c~ rcu~~~t ion particularly al os~-~ bedding planes , j o ints, and fractures. There
solution boa led to the dcvelop~.ent of subterranean cavern s then sink hole
features may occur on the bedrock surfaco.

The Tr~vcr~ie ~rou cor, i~ ts of a bdale—caruon.~te lithology. T55i:; rock
a:~it  in usuall y not auho ,iv iduu .  ln to  distinct and se~~ r~ te f~ r;~tion5 in the
sub~~~rf ~ ce of . LJ t i , ea st c r s  hicl igan. The carbonate rocks c.~n be th i n l y
or m s ~;ivcl y b~~~- e d  and , on occasion , rich in chert.  The ~;hale non Sons
are gener~ lly blue— gr ay in color and may contain thin calcareous or dolo—
sitic beds or lenses. The ra t io  of carbonate rock to shale wi th in  the total
section of the Traverse Group can vary considerable Iron one area to another
within the limits of the project area. Changes in ratio from place to place
are usually gradual rather than abrupt.

Above the Traverse Group the remaining rock units constitute a clastic
litholo.~’y ~riacipally ahales, some sandstones (Berea F~a) with occasional
lenses or layers of carbonate rock appearing in the sequence.

Paten eial  Prob lems asd Has-irds

I. bolu~~.on enlargea jo in ts , f rac tures , and bedding planes (subterranean
~~cas ,:ewayc) in the carbc’natc rock sequence can function as conduits  for
groun d—water movement.  Hence , unex;-i.’ctcd and copious volumes of ground—
wat er  may be encountered in the event these passageways are intersected
in the course of tunneling. Should wells be required for dewatering r ur—
poses tees ar .o th cr  ;roblem is generated in that  the temporary lowering
of the piesosc ’tric water level alon 1; the project route can result in the
fa i lure  of nearby domestic wells. Continuous pumping to relieve the wa-
ter ‘roblcm th~rir,~: tunneling can bring about a change in the quali ty of
the ~ ‘ound—water resulting in additional compla ints  from local residents.
The occurrence of thccc  subterran ean passageways in the carbonate rock
is liffic.~lt to predict without  recourse to a program of closely spaced
borings which  nay be prohibitive in terms of both time and cost. Rather
t~ an atte::.~ t to 1red..ict their  presence perhaps provisions should be mnde
to have t~e necessary equipment available to counter any excessive ~~ oun d
wat er discharge.

2. Hydrogen n~3 ;hide gas in association with ground—water is not unusual
in the  southen:,tern ichi~ ,’An area. It is toxic and represents a hazard
to  pcrnoss’:l workin g ~n tight quarters such as narrow trenches , caissons ,
anu tunnels wi thout  adequate ventilation.
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3. ;~~~ a ‘ -;i :ral i’ . le , ~r.~and— ;r .er d~ :~ct :~rge fr or: , t i :  cla~~~~c rock sc -~uence
should not ~u . - st any rI - n oun roble ;-. .; with ro -- p ~ct to i- -n ti~ y exce~ t for
i~~ghl~ w eat~~cred or fr c tu red  ni nes. i l owov er , tne  ;~nt r im  u. r l e  form ~ tion
in known for  i ts netnase  gas. This gas h.~s also been de t ec t ed  in the soil
overburden ; i ts  fr e~ju en cy  of detection being gr eat est  wh ere the ov-~rburden
rests  directl y over th e  ou tc rop  area of the ;~~trim formation.  ~,‘ith respect
to the  sn-il overburden the methan e g~ s nay be encountered (1) at any depth
f r i.. the ou r f . ce  to th c ’ bedrock floor , (2 )  in any of the l i tho lo -ics ~re—
cent in tho ccii overburden , (3)  as free gas or mixe d with  gr ound—w ater ,
and (5) may occur as a slow unnoticeabie seepage or as gas pockets with
pressures rep orted as hids as 37 pounds per square inch . In the Port Huron
area methane gas encountered in the Antrim Formation had rres&ures up to
75 pounds per square inch.

Preiisir .ary Co:: m e r t ~ Re la t ing  to the Proposed Tunnel Routes .

1. Port Huron to Al -onac (St. Clair County ) :  Soil overburden thickness 90
to 218 feet;  bedrock surface elevations range from 375 to 525 feet above
sea level (150+ feet rel ief) ;  bedrock formation s encountered predominant-
ly clastic ; methane gas in rock and soil overburden; ar t i f ic ia l  brine opera-
tions in the Naryoville—Port Huron area.

2. Clistom hiv -r to  Jefferson 5i& ~~ thc-500 al ong -  Je f fe rson  to  konroe City:
Soil overnurden t~ icknecs o0+12b feet  in hacomb County segment , 20+150 feet
is ..uyn e Cour 5ty ,  10+30 feet in Nonroe County. Along this rou te  the bedrock
surface elevations range from 1+25 to 580 feet  above sea level (155+ fee t  re—
lief);bedrock forsat.ions —— mainly a carbonate lithology from the City of
Monroe n o r th w ar d  to Belle Isle in tao City of Detroit , g iv ing  li-n y to a
s .ale—c arbonate  li’..nlog;r (Tr,,vur so  droup)  for  a short distance , and final-
ly to a clant ic  li thology in nor theast  i ly n e County arid southeast N acomb
County. Solution enlarged opening:; in the carbonate sequence are possible,
particularly t h t  portion of the  proposed route in hi aco mb County. Methane
gas also a hazard. betroit Min e of the  Internat ional  Salt, Conpan y is
located in the  v i c i n it y  of the :<oUpe  River and 1—75 Freeway ( d e p th  1100 f t ) ;
s-abu~ ocr1ce craters recentl y developed at nor thernmost  end of Grosse Isle
and presumably the result of brining onerations; strong shows of ground
water f rom wells penetrating Sy lvania Formation in v ic i ni t y  of grosse Isle ;
possible ar tesian flowing well area is the City of Monroe arid vic in i ty .
bur ied sink holes , brecciated rock possible along southernmost segment of
tuic tunnel route.

~~. Un~~ir :~ou-~r~ biver —— Telegr ~~~h . ~n.- d :  Soil overburden 10+120 feet  thick

~~ orsC ,-,,~~~rne County :;e ;: .un t , lO0+d5u feet  along uakland Co’~n t y  aegmest.
Bedrock r arface elevations range from 1+75 to 700 feet above sea level
(225+ feet re l ief) .  Bedrock formations —— largely a carbona t e li thology
al on g southern one—third of proposed route , clastic lithology for remain-
der particularly is Oakland County. Methan e gas can be expect ed in both
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bedrock and coil overburden ; solution enlarged openings in the carbonate
section poc ;ible.

~~ ~ ix  ::~]~ Connor Creek T-u:n el:  Soil overburden 60+120 thick. Bedrock
elcv~ uions r ;Ir . 1 -e from ~i25 to 550 feet above sea level (125+ feet relief) .
Bedrock fcrri ations along route are largely clastics. The Antrim shale
ou tcrops beneath the overburden along most of this route. Methan e gas
carl be expected to be present .

5. River P ou -e  Tunnel: Soil overburden thickness fr om 50+150 feet. Bed-
rock eleveations 475—575 feet above sea level (100÷ feet relief). In
terms of bedrock units a clastic lithology prevails for the upper portion
of the route and a carbonate lithology for the lower. Methane gas is to
be expected.

Test h or in — I~~ogram

I. Inasmuch as the bedrock surface is a hidden feature beneath the gla—
cial overburden there is no assurrance that the existing &ita (logs of
cii and gas wells , water wells , and soil borings ) include the hi ghest and
lowest rossible bedrock elevations along each of the proposed tunnel routes.
1:05cc , the indicated relief shown along each of the routes cannot be con-
sidered as maximum. Test boring program should include (1) detailed log—

cnd .naapling of both overburden arid bedrock (slit spoon samples and
cores , (2) geophysical logging of each hole for delineating water—bearing
sorisoms , de~ th of rock weathering, and (3) testing for methan e gas and
hy drogen cuiphide. To detect slow seepa ~c of methane gas, it is recom—
mended that e ich tes t  hole , upon coz~pletion , should be capped for a period
of 24— 48 hours and then checked with an explosimeter.

2. Depending on the spacing and results of the test borings it ma y be
advisable to complete the bedrock profile by geophysical survey methods.

3. Geological cross sections , based on existing data, along each of the
proposed tunnel routes are currently under preparation.

Sincerely yours ,

Andre ’.-: J. Mozola
2471 -lulberry Road
Bloomfield Hills , Mi chigan 48013

Tel : 335—6388

cc: Mr. Carr W. Baldwin, Ayres, Lewis, Sorrie, and May, Inc., Ann Arbor, Mich.
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~~oj ec t —- Bedrock Surface 
~~ofj le a~~

Geo~~~~~ Str 1~cture Section s Along 
~~ oposed Routes .*. Robert Crego~~ Chief Ba~ j~ Planning Sec~~00

U. S. 
~~~~ Engi~ e~~ District 

Detroit , p. ~~ Bo~ 1027

Detroit , Michjg~~ 482~~DA~p~ : Jui.y 29 , 1972

1. SUbmitted herewith ar~ the bedrock profiles and Sche~ atj c 
~eo1ogj~

by Ay~.e8 Lewi5 , Norris 
~~~ May , Inc.

structures sect~o~5 that have been added to the project drawings 
furnished

2. The bedroCk profile, bedrock toPo~~ aph and ~eoiog~~ cross sections

are b~~ed On existt~~ oil , gas and water well records and , to Some extent ,

on soil test borings that have rea
~hed or penetrated 

bedrock Of these

varjo~5 records only oil ~~~ gas logs provide Usable ‘n formati relative

to bedrock llthology but unfortunat i such recor ds , except for St . Clajr

County, are spora~~ c in terms of areal distrj but . 
~~~~~~ the drawing5

it will be evident that the densjt ~ an~ distribut . 
of Control points

be desi red .
for Subsurfac 

interpretat . 
a1o~~ the proposed routes leaves much to

3. Be~~~~~ elevation an~ Contours have been shown Ofl both Sides of

the proposed routes for some distance in order to Portray the

of the rock surface in terms of bedrock va1~ eys and dIvides

or ~ent 1y curving Contour lines imvly a Poor densit y and dis tr ibUt .

of bedrock elevations ; a hi gh~~ densit y where they appear irreg~~~~ in

Route in lk~~ oe Count y .

form . Contour interval is 25 feet except for that se~~ent of the JeffersonThe for~~tj 0 contacts sho~~ in the structure cross sections are

hig~~~ inferred and shO~~ d not be used i~ determinin the depth of any

fo
~~atj o5 top or bot tom along the Proposed routes As will be noted ve~~

few oil and gas records , when Plotted , felj along the routes As a

tule the Various rock units increase in thickness to the northwest i.e. ,

LU the direction of dip towards the center of the Mi chj g~~ Sasj~ The

in th~~~~~~~~~ S~~ of the rock unit 5 along the proposed routes is

attributed to a combinatj of several factors namely (1) Increase in

thickness or the individUal un~ t5 towards the northwest (2) effect of

rock structures (3) local thicke~j~~ or the Ufl~~S (
~) the djreati~~

or the route i~ relation to the regj 05~1 str ike and dip of the Sedj nenta~~r

strata and (5) the inherent dIffic
~~t7 in recog~ j~~ 

formation t ops and

botto~~ in the subsurfac The di p of the strat a along the proposed

routes will vary depending upon the direetio~ of the route in

to the regiOfl~~ strike and dip and the Presence of loc~~ Structure In

~~~ event , the strata are not as steeo1~ inclined as sh0~~ Since the

Cr ag8 Sect~0~3 represent a vertical 
~~~~~~~~~ ofI
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5. Inasmuch as many of the rock units in this area have oil and gas
producing horizons elsewhere in the State, occasional shows of oil
and/or gas might be encountered in the course of tunneling , and hence
the methane gas hazard is not restricted solely to the Antrim Shale.

6. Brief lithologic descriptions of the rock units and some unconfined
compression test data of upper Traverse beds in the W 1/2, Sec. 26,
T—1S, R—1OE have been appended to this report. The latter represent
tests on sanples obtained from borings located one—half mile south of
the intersection of Evergreen and Schoolcraft Roads where 1—96 (Jeffries
Freeway) crosses the C. and 0. Railroad and Yard.

In the event there are some aspects of this report , or the prior
report of June 2, 1972, that need further elucidation kindly ~o not
hesitate to call upon me to do so.

Sincerely yours,

~~~~~ r~ ./L. ~Andrew J. Mozola - .

2471 Mulberry Road
Eloomfield Hills, Michigan 48013

Tel: (313) 335—6388

end ’s: Lithologic descriptions
Unconfined compression test data
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STRATIGRAPLLLC SECTI(d’~ IN SOUTHEASTERN !4ICHIGAI ~

Coldwat er Formation

Youngest (uppermost stratigraphically) of the Paleozoic sedimentary
strata to be encountered along the northernmost segment of the Upper
Roug e River - Telegraph proposed tunnel .  The total th ickness  of the
Coldwater Formation in southeastern Michigan is approximately 850 feet.
In all probabil i ty the proposed tunnel will penetrate the lower one-third
to one—half o~’ the total Coidwater section .

The formation is dominantly a blue , blue—gray to greenish gray ,
micaceous shale becoming more sandy and reddish in color in the upper
par t of the section . Some reddish , greenish , and purplish colored
shale , though not of videsrread extent , may be present near the base .
Limestone , dolomite , sandstone , or siltstone as lenses , or as th in
beds which are not continuous over large areas , nay be interspersed with
the shale . In some areas a1ternatin~’ shale and sandstone seauences
appear but again subsurf ~ ce records suggest that these are not of
widespread areal occurrence. Clay—ironstone nodules are dist inct ive
of the Co1dwat~r. The nodules are smal l to fairly large concret ionary
masses characterized by an indurated clay , or silty clay , center and
in turn surrounded by concentric limonitic shells. Both ball nn d pi llow
shaped clay—ironstones have been described from a Coldwater shale
exposure in branch County , i-hchigan . The former are usual ly spher ical
and average six inches in diameter; the latter are flattish and round
with the largest one found measuring ~2 inches in diameter.

The lower contact of the Coidwater Formation is easily recognized
by the definite appearance of the dark brown to black shales of the
underlying Sunbury Formation.

Some salt water end natural gas are known to be present in this
formation as reported on th~ records of wells drilled in h olly and
Independence townshi~-o in the northwestern and northern parts cf Oakland
County respectively . Reported yields of water wells completed in the
Coidwater Formation ranged from 10 to 70 GPr1 depending on the depth of
the well and , hence , the number of joints , fractures and beddinC planes
intersected (secondary permeability), or the number of sandstone arid
carbonate rock layers encountered . Some of the wells were flowing .

Sunbury Formation

A hard, riark brown , dark gray to black bituminous shale with traces
of dolomite. Lithologically , it is similar in appearance to the Antrini
Shale appearing lower in the stratigraphic sequence but lacking the
abundance of fossil plant spore cases. Depending on geographic position
the thickness of the ~unbury ranges from 20 to more than 50 feet. It

P appears that the formation thickens in the direction of dip. Presence
of some natural gas in this unit is a distinct possibility .
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The lower contact of this formation is usually place at f i r s t
consistent appe-’~rance of the li~ ht—gray to blue shales , or the light—gray ,
fine-grained sandstones of the underlying Berea Formation .

Berea—Bedford Formations

Owing to the  fact that the Bcrea—Be Ciford contact is d i f f i c u l t  to
recognize in the subsurface , the two formations are usually shown as
a single unit on many geologic maps.

Berea Lithology: Fir.e—Crained, white , gray to light drab to brown ,
micaceous sand stone in bed s of vary in~ thickness from 25 to 140 feet
and nearly everywhere separated by beds of light—gray to blue ~ray
shale havini~ sporadic zones of calcareous or dolcmitic material . ‘~he
sandston e beds are usually well cemented but sond friable zones , which
are waterbear ing , arocar m i  the section.  Thickness between 55 and
235 feet except where it outcrops beneath the soil overburden.

Bedford Litholo -y : Don inantly shale ,in part calcareous and sandy .
Generally li~ ht-~ ray in color wi th  sroradie dar k gray horizons. Occasior.al
beds of rnicaeeous o.indotone , shaly dolomite , or limestone may appear in
the section. Thickness 65 to 155 feet except in outcrop areas beneath
the soil overburden.

The lower co ntact of the Bedfor d is usually placed at the f irst
pers isten t  appearance of the underlying dar k brown to black Antrim
Formation .

Natural gas is known to be present in the formation in other parts
of the state. Gus show reported in exploratory oil and gas well in
Independence T w o . ,  ~a~ land County. Water wells penetrating the Berea
have yields raru~in~ from 5 to 30 GPM. Salt water is generally encountered
in th is  format ion unere  it is overlain by Sun’oury and younger form ations ;
potable water where the Eerea occurs in outcrop beneath the soil over-
burden. Bedford formation not important as aquifer.

Antrim Formation

Predominantly a dark brown to black bituminous shale that is finely
laminated and fisoile so that the formation is frequently described by
water well drillers as “black slate”. Some gray shale may appe~’r near
the base. P~, rite rind/cr marcasite nodules present throughout the entire
section. The lower portion is characterized by hard , black to dar k
brown , crystalline and nearly spherical concretions which are composed
of the mineral “ a n th r ac on i t e ” , a petroliferous variety of calcium
carbonate. These concretions often exceed 3 to 14 feet in diameter and
may be r.is~..ak erily logged as limestone beds dur ing drilling . An excellent
outcrop revealing these nearly spherical concretions may be seen at
Ket tle Point , Ont ario. iUso characteristic of the Antrim Formation is
the abund ance of very small , but visible , disc—li ke resinous structures
that are redd ish—brown in color . These have been identified as fossil
spore cases of fl oati r~ fossil plants. Thickness in the southeastern
Michigan area varies from 0 to nearly 200 feet.

A -8
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The lower contact of the Antrim is uncertain because the basal
gray shales , where present , resemble the blue—gray shales of the
underly ing Traverse Group .

Except for local areas where the formation is highly weathered ,
fractured , and overlain by the soil overburden, the Antrim is not
important as an aquifer . The Antr im does contain methane gas and the
formation , along wi th the overly ing SOil overburden , does constitute
a hazard to construction projects.

Traverse Gro up

This group consists of limestones , shales and dolomites which are
not subdivided into separate formations in the southeastern Michigan
area. The shales are largely blue—gray to gray , occasionally brown ,
in color and may or may not contain th in  calcareous or dolomitic beds
or stringers. The carbonate rocks (limestone and dolomite) can be
thinly or massively bedded and , in instances , are cherty . Generally
the limestone beds are light gray , gray , or gray brown , f ine  to coarsely
grair.ed in text ure and often high in calcium carbonate as to render
them useful in Portland Cement making . At times , the limestone beds
can be richly fossiliferous as to be called “shelly limestone” by
drillers . The dolomite beds and their  shaly counterparts are normally
gray or buff in color , again thinly to massively  bedded but somewhat
more coarsely crystalline in texture. In the total section represented
by the Traverse Group , the ratio or carbonate rocks to shale varies
considerably from one area to another . Some logs of wells show a
dc*ninance of shale over carbonate materials; others the opposite situation.
Pyrite is noted throughout the section . Thickness 0 to 300 feet.

The Traverse—Dundee contact is difficult to place in those areas
where limestone beds of the Traverse Group rest directly on the Dundee
limestone.

Occasional oil shows indicated on oil and gas logs. Limestone beds ,
it characterized by solution enlarged joints and fract ures , can result
in copious amounts of ground water. Hydrogen sulfide gas usually associated
with the ground water.

It is to be noted that formations above the Traverse-represent
essentially a clastic sequence (shales—sandstones); below the Traverse,
essentially a non—clastic , or carbonate , sequence (lirnes-tones—dolomites).

The base of the Traverse can be considered as marking the beginning
of the carbonate rock sequence except for the Sylvania sandstone occurring
lower in the section . Much of this carbonate sequence is represented
..long the proposed tunnel routes where it outcrops beneath the glacial
soil overburden . From the Detroit area the thickness of the overburden

• decreases dovnriver towards Monroe, Michigan . The presence of solution
enlarged opening s in the carbonate sequence beneath the soil overburden
shoul d be expected and with it the probability of copious amounts of
ground—water under artesian conditions , usually minera l ized  but potable ,
and characterized by an odor of hydrogen sulfide . Vint age geologic
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reports mak e r e f e r e n c e  to f l owin g  and n o n — f l o w in .i~ wells  of h i g h  yield
in the Rou ,-~e River Flats in .  Dearborn , in downtown Det ro it and down r iver
towar ds Pe nr oe , ~i ch ir a n . Formatior .s producing tnese h igh  yields include
the Dundee , Lucas , and ‘y lvania  sands tones .  The Cwan Well (elevation
of mouth , 59~T feet f~ 

) near the south end of Gro~ se Ile has been
repor ted ( i9 ib)  as havi r~o a d e t h  of 2375 feei; and flowing strongly
(3000 G~~~) sinc e  1903. strongest flows were encountered at depths of
1420 feet  (177 feet  A . S . L . )  and 1450 feet  ( 1147 fee t  A . S . L . ) .  Large
sprinr~ were also re rorted to be common along the lower Huron River
and Detroit River areas; soecifically along the Huron River  and also
northward toward Gibra l ter  and southward along the shore of Lak e Er ie
in Monroe County.  In f a i r l y  recent years strong flows of ground water
occurred during caisson construction at the Northeast Water Filtration
Plant (8 ~i1e P d.  and Van Dyke ) and again at the si te of New Quarry
( M ar t i n—th ir i e t t a )  loca ted in the southeasternmost extremity of Wash tenaw
County. The y ie ld  and quality of ground water (h ydrogen su l f ide ) forced
abandonment of quarry .

Dundee Formation

The format ion consis ts  of gray , bluish—gray , light buff to brown
limestones , d o lcm it i c  l imestones , and dolomites.  The strata are thinly
to ma ss ively bedded , f in e l y  to coarsely crystal l ine in texture , and
con ta ining  cher ty  and/or  siliceous ho r i zons .  Some shale hor izons  occasionally
may be present  ir. t ao sec t ion .  The tyse local i ty of thi s formation is
the old Chr i s t i a ncy ~u a rry  at Dundee where it is a high—calc ium l imestone
suitable for cement and lime . fi~ thoug h the Dundee is normally a limestone
it is also a dolsmitic limestone or dolomitic elsewhere within its out-
crop area. Carbonaceous partin~zs between limestone beds and cavities
containing hydrocarbons are common. Grains of frosted quartz sand appear
abundant in the basal beds . Thickness 0 to 160 feet.

The lower contact of the Dundee is difficult to place in the
subsurface in that the underlying Detroit River Group consists of lime—
stones and dolomites.

Detroit River Group

This group where exposed in quarries in Monroe County and northwestern
Ohio has been subdivided , in descending order , into the A.nderdon (214 feet),
Lucas (814 feet), Amhorstburg ( t o  feet), and Sylvania (50 feet) formations.
These increase in thickness towards the north and northwest. The uppermost
three formations consist predominantly of a carbonate lithology that is
diff icult to d i f f e r e n t iate , in terms of their Contacts , in the subsurface.
The Gylvania Formation is a quartz rich sandstone and easily recognized.
For this reason the Detroit River Group is shown on geol~’gic maps as two
separate units——a non—elastic unit  designated as the Detroit River
Doloinites (Anderdon , Lucas , Ainherstburg) and the clastic unit as the
Sylvania Gandstone .
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Detroit River Dolomite Litholog~

The Anderdon , uppermost of the group , cons icts of a high calcium
limestone which makes it difficult to distinguish from the overlying
Dundee Limestone . Dolomite beds , however can be expected wi th in  the
Anderdon in some areas . The remaininc (Lucas , Amherstburg ) are nomi nally
doloniites with some limestone beds , occasionally chez’ty and/or argillaceous.
These dolomites vary in color——gray , buf f , l ight  brown , light gray to
white and have textures rancing from finely crystalline to granular.
Irregular cavi t ies  (vu ~ s)  are common and f re quently lined with calc ite
crystals measuring 3_ 14 inches  in length in a form known as ‘dog—tooth
spar ” . Occasional masses and crystals of na t ive  sul f ur are not uncommon.
Anhydr i te  ( Ca50 14 ) can be present , particularly in the Lucas Formation , as
thin beds of lim ited areal extent or as lenses . As the basal beds of
the Amherstbur g are approached there is an increase in the amount of
frosted quartz sand grains similar in appearance to the quartz sand which
makes up the underlying Sylvania Sandstone .

The lower contact of the Detroit River Group is usually placed at
the f i r s t  persistent appearance of sandstone of the underly ing Sylvania
Formation

Sylvania Formation Litholo~~

- A white to light gray , f ine  to medium grained , hiFh—purity quartz
sandstone. Individual grains are frosted in appearance , subangular to
rounded in shape . The san dstone is poorly cemented and becomes extremely
friable upon exçosure to weathering . When crushed , screened and washed
the sand resernb~ es granular sugar ; terms such as “sug ar sand ” and “s i l ica
sand ” are comm on notations in driller ’s records . Where the Cr lvan ia has
been exposed to weathering, a dull gray appearance predominates in contrast
to a nearly pure white color when freshly quarried. Paper thin seams
or carbonaceous materials are very apparent on fresri cuts and occur at
varying intervals . Geodes (cavities) lined with calcite and/or celestite
crystals are common ; on rare occasions native sulfur may be found. .ear
the base of the formation 15 to 20 feet of sandy dolomite is usually
encountered which is light to dark gray in color and containini~ some zones
of chert nodules and dolomite pebbles . In Monroe County the basal beds of
this formation rest unconformably (prior erosion surface) on the Bois Blanc
Formation or the Bass Islands Group . In Ohio , pebbles derived from the upner
Bass Islands beds have been incorporated in the basal sylvania beds . The
Sylvania thickens to the west and north . Thickness in scutheast Michigan
is 0 to 288 feet .

Lower contact may rest on Bois Blanc Formation or the Bass Islands
Group of dolomites.

Good aquifer . Man, domestic wells are completed in the Sylvania
sandstone in Its outcrop area in Monroe County . If project requires dewatering

P in the course of tunneling in Monroe County then domestic well failures,
or decreased well performance , may be expected .
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Though the quartz sand grains are highly abrasive , the Sylvania
sandstone is considered to he poorly cemented. Low unconfined compressive
strengths may be characteristic of this sandstone.

Bois Blanc Form ation

Not shown as a rock unit on geologic maps of the southeastern Michigan
area because of the d i f f i cu l ty  In recogniz ing  i ts  boundaries and correlatinc
between areas due to scarcity of records . Both the unper and lower contacts
of the Bo is Blan c are marked by erosional unconformit ies  and , therefore ,
its th ickness can vary con sid erably from place to place. Though reported
as eroded in southern ~ichigan and northern Ohio , its removal was not
necessarily complete everywhere in the region . Bemnants of the Bois
Blanc in the project  area beneath the dr i f t  are possible and , if recognized ,
are most l ikely  to occur on the bedrock surface h i g h s .

Lithology : The Bois Blanc Formation has a lithology dominated by
dolomites thoug h in some areas limestones may prevail .  The dolomites are
l igh t  gray to gray-brown , tan to l ight  brown or medium brown in color ,
and characterized by fine to medium—grained textures. Chert is abundast
throughout the sect ion and , perhaps , represents  a useful c r i t e r ion  for
the recogni t ion  of  the B oi s  Blan c in the subsurface .  Some hor i z sn s
hav e been r e p o r to l  as ch e r t — r i c h  (u~ to 20 p e r c e n t )  which may imoly
weatne~-~ n~ r - a r t i c u l arly if the chert  i t se l f  shows s i- ns of decomp osi t ion
and s t a i n i nc  by i ron o x i d e s . The chert is h i ch l y  variable ; it can be
har d (unweatherr~i) or sort (weathered), smooth , occasionally vitreous ,
and f r e q u e n t l y  f~ atures concho i dal frac tures . Color may be whi te , 1i~~ht
to dar k cray , b ro wn i sh—gray , or b lu i sh—gray . Siliceous zones or cher tv
streaks w i t h i n  dolomite  and limestone beds are also present .

Thickness  of the B o is  Blanc varies from 0 to 125 feet and is highly
variable  w i t h i n  short dis tances laterally.

Bas~ slards ~~r~;~jt .

Lit r .o logy :  in c lodea  the Bais in  River  and Pu t—In  Bay do lomit e s  ~.d:io:.
are u sua l l y  riot d-.~b d iv i d e d  in the sub surface.  The i-~roup ccnsi. ;t s 1ar~ c1y
of light gray , tan , buf f , brown , or dark brown , dense to f in e l y  c rys ta l l ine
dolorsites and shal y dolomites .  In some areas dense to f i n e l y  c rys ta l l ine
l i m~ st o n e  may Fr ~ ’/ai 1. Vu~ s , t i ny  f ractures , and h igh ly  porous zones
may be locally c h a r a c t e r i s t i c .  Gypsum and anhydrite in t h i n  beds , as
nodul”c or s t r in ~ ers , as well es clear selenite  occur more commonly in
the B~iss Islands than  in the overlying roc k un i t s .

Thickness 0 to 302 feet . Lower contact not easily r ecogn ized .

Sau na Group

In the r’~~nrr .~ flo m t,~~ area the Sau na Group c o n s i s t s  largel. y of dolors ites
and shaly dolomites with appreciable amounts of dolomitic sha.l e ,

A 12
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and alternating shale—dolomite sequences , particularly in the upper portion .
The dolomites are gray , buff , light brown , or brown in color , dense to
finely crystalline in texture but occasionally coarse. Anhy dr i t e  and gy~su1n
are commonly associated with the dolomite but salt beds are rarely cresent.
The dolomites are further characterized by stylolitic seans, black shale
or carbonaceous partinCs , vugs , crevices , porr us zones and , in some instances ,
cavernous. klydrocarbons (often as black ~il in pores), petroliferous
odors and shows of ~as are not unusual. The shale beds are usually p~r ay,
but green , greenish-gray , and minor air.ounts of red nay be present . The
shale beds may contain dolomitic beds or stringers , gypsum , anhydrite ,
and occasional oil and gas :hows . Anhydrite ~say appear in the section
as distinct beds 5 to 15 feet with stringers , or inclusions , of shale
and/or dolorsitic shale. Within the total Salina Section gypsum is usually
massive , white , and in thin beds , stringers , and nodules. ~elenite and
satin spar varieties of gypsum , though minor in amount, are frequently
noted in oil and gas lois. The most distinctive characteristic of the
Sau na Group in !~bnroe County is the apparent absence of salt beds (or~lyone instance of a 5 foot bed) which is in marked contrast to the considerasle
aggregate thickness of salt (730 feet) in Wayne County to the north.

Thickness 0 to 620 feet. Oldest of the rock units to be encountered
along the proposed tunnel routes.
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LOG OF ROCK PROF LE U~.C DNF It~EO C t U P A ~ r C  r .  ‘ A

U N C C . F I r.ED D(F~~~
.’ A -  T A . 1 ~ ~rC U P ~ES-  ~~~(LIV D A Y P01105- S I V E  AT AT

SA IULE IN BU IR liv STRE ~~ TH . F A I L U R E . ~~
TOP ~ ~~~R (LIV. 15.8 ’ NO. F E E T  SP GRAV ‘. PS I  S Si~~L~~~7’i . f’~~I ~~~~~CLIV J .  - _ _ _-

IN
FT “_

~~ •,4~~15— 
~~~~~~~~~

_

~~

_ 
M r . L . ~ c~~~v ~~~~~~~~~ - 1 74 .1  2.80 1 .26 25 , 280 .4 1 5.~ 8 x 13 °

I 
~ T~ ~~~~~ ~E.. 3 NO —

C p I E RT 
~~~ 1 2  1 4 1  2 7 8  1 9 2  23 940 63 4 ~

Q o~~~_ 1 1 i
S C A T T E R E 0 T~~~ UGH- 1-3 13.5 2.7 1 4.46 9 , 110 .47 2 .05 10 ° 2 .:~OCCAS I ONAL VUC ~

1 ii .~~ 1-4 72 .2  2.63 5.32 7 . 430 .53 1 . 12 ~~.

1—5 7 1 .8 2. 16 2.53 11 , 330 .29 3.~ 5 A

SA ME AS ABOVE W I T H

~~~ 
M I NOR E V I D A N C E  OF 1-6 11.0 2.15 2.01 18 690 52 3 . 86 11 10~ ~

‘ 13
V E R T I C A L  FRACTURES . —  _______ ______ __________ __________ _____________

MORE CA ROON ATES

70 . I - i  10.0 2.12 3.13 11,300 .41 4 .98 z io 6 2 1 3 1

— ‘——-— -----~-. INTE RB EDDED ME D I U M
~‘ GR AY DOLOM I TE ANDT T 1  CHERT

£ . O . B .  6 8 . 8 ’

~ W a t er re turn loss

z x z z z z z z  Fracture Zone

WATER LEVEL IN CASIN G: Not recorded
REC OVERY: I3C ~

39~ base d on cores  4” or lon ger

BO R I NG DATA:

NUMBER: RCB-1 Proj ect 82 122
DATE OF 60R~~3: Octo be r , 19 7 1 PROPOSED 1-9 6 (J EFFR I ES F ’!Y ) TI’iRCUGH
L0 CATI0 ~4: S t a  23 8 + 0 0 , 134 ’ Rt of Co nstruct ion ~ OAK YA R D , CITY OF QETR 0IT
GROUN D ELEVAT I ON: 146 .3 f t  WAYNE COUNTY , MICH IGAN
UAC E BY: 1. P. McG~~r e , Ge oph ysica l  Unit
CEC LOG ICAL LOGS BY : Geo phys ica l Unit Geo logists  , 

s.c. ~~~., 
7’~-/.~ ~~~~~“—

C. 0 ~~~~~~~~ U:’~
c ‘i::~)
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LOG OF ROCK PROFILE 
— 

UN CO NF I NID CO U PRES ~~ T F S T  C A TA

UN CO NF I NEO 1 DEF O R MA . tA’ ’ ~~N t 

—

SAMP U IN DUL~ JJTRENGTH . FAIL URE. U L T I U A T E  U

CO M PRE S . I T I O N
(LIV DRY P011 05- SIV( J AT A t YY.

TOP OF R OC k (LIV 7 1 .1 NO. FE E T PS I % S TR(NT TN .PSI R A T I O
(LIV

IN

_____ 
.~~ 15 ,610 .48 3.90 11 10~ ~2 U 4M FU H G R A Y  DOL OM I T E 2-2 70.2 2 1 7  1 J3 

_________ _________ _____________W I T H  Hi ’ ,O~ ~[ D O I N G  — ______ _________ _________ _____________

..L..L _ ?.~! 2. 15 

~ 
I3 ,~~3 .41 3.29 x I~~

— — — i- -— Z O ~~ S OF A~~~lL LA-
.—~~~~‘ -— • C E O U S  C A R 8 & N A T E S  -

- 
~~. S C A T T E R E D  THROUGHOUT 2-3 69 .2 2. 63 6.64 9 , 760 .30 3.60 I0~ 2 .02-: E~i 

C H F R T

— — T HE I N T E R V A L , occA - —  
______ _________ _________ _____________

2-4 68.5 2.17 2.20 19, 160 .36 9.Oa i 108 ~~~
S ID NAL VUGS

_ _-

¼ CRAY BANDED CHE RT -

“ SO ME E V I D E N C E  OF
“
~~ 

VER T I C A L  FRACTUR E S 2-5 61.4 2.59 0.64 NO TEST 
_________ ____________

MEDIUM GRAY D O L O M I T E
~~~~~~~~~~~~~~ W I T H  SHALE PARTINGS .
~~~~~~~~ VERY MINOR VERTICAL
~~~~~~~~~~~~~ FRACTURES

____ —

~ I.
15 — GRAY CH E RTY DO LOM IEC 2-6 64.9 2.80 1.94 12 ,560 .42 2.84 z lO B 202

~ 
~~~~~~~ 2-1 64.1 2.11 2.91 16,900 .48 4.67 I ICe 2 0 2
~~~ CRAY C HERT

‘P E T RO L IFE R O US MEDIUM
GRAY DOLO M I TE W l T , 4
S HA L Y  ZONES SOME 2-8 62.8 2 .66 6.05 5 ,960 .36 1 .78 ~ 10~ 1 .36

_______ 
_ PAR T I N G S  - StIM E V U G5 

—  ______ ______ _________ _________ ____________ —¼ ~, ~. IN D ILU M IT E - ______ __________ _________ _____________

INTERB EOCED CRAY AND 2-9 62. 1 2 .66 4.17 11.993 .30 8.01 z 10 6 2 .0 1
I. I. ~

. W H I T E  CHERTS AND HI— —  ______ ______ __________ _________ _____________ —

D IUN GRAY DOLOMITE 

!:! ! _a:.~ 
2.28 15.56 3,500 .18 1.61 5 ig~ 20 3

(. 0.1. 11 .1

iux i z ax  Frac ture Zone

*— * Water ret urn loss

~&T(R LEVEL IN CASING: Not recorded -

RECOVERY: I00~47% base d on co r es 4” or longer (52% 1st 5’, 42% 2nd 5’)

IORING DATA:
NUMBER: RCB-2 Project 82122
DATE OF BORING: October , 1 971 PROPOSED 1-96 (J EFFR I ES F~’lY ) THRO UGH
LOCATION: Sta 239+40, I71’Lt of Construction 

~ OAK YARD CITY OF DET1~O IT
~RCUN0 ELEVATION: 146.7 ft WAYNE COUNTY , MICH IGAN
NAOE BY: 1. P. UcCusr e , Geo physical Unit
GEDLOGICAL LOGS BY: Geophysical Unit Geot~~ists
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LOG OF ROCK PROF I LE UN C O ~ u I N E D  ~~~C S ~~~’
, ~~~~ OA ~~A

U NC CI.FI ~~ED O E F C - YA -
CC PP~ S- T ; ( ~’,11EV 3 R Y  P0 110 5-  S I .~ A T  ‘ , t

SAMPLE ~ U J L ~ D Y ST 11Ei.~ 1M . F AI ~~~ E , .~~T , ‘~~~E
TOP OE PO C K £LEV 72 .9 NO FE E T  SP GO~ V ~

. I I . _j~~~’. -
~~,

- ~~T I~

9~ ~~~~~~~~ 3-1 7 2 ,6 2. 7~ 1.54 IB , 620 .2 ~

3-2 11 .6 2.75 1.85 18 , 250 .53 2 . 7 1 1 13 6

—‘i—-fIll 3-3 70.9 2.65 5.90 8,290 .28 3.21 x l~~ 2 . 5

10 3 4  69 .9 2.51 3.28 13 ,433 .28 3.23 0 13° 2. ~

I I~

I J~
~~LfTc 3-5 63.1 2.72 2.16 15 ,880 .62 --

L “1 MEO I~~’4 GR~ Y PE TROL IF - — —  -

ER O US V~ G~ V DO LOMITE

W I TH MANY CHERT 
-

I ZON ES - SOLID CHERT

ZONES FROM 69.6’ to

69.0’ saG 63.8’ to

______ 

6 1 .4 ’

65 ~~~~~~~~~~~~ 
3-6. 65.2 2.44 7 .36 14 ,083 .52 4 . 8 1

3-7 64.4 2.12 3.90 10 , 180 .06 - - 1.3

- 3-8 62.1 2.51 9.09 1,540 
- 

. 18 2. 18 x 36 2 .C~
‘S ~~~ 

— 

3-9 61.6 2.56 8.90 1,910 .34 3. 03 x 10 6 2. 16

~~ BUFF ARG IL UCE OU S

S ILTST QNE AND SHALES -

— ~~~~~~~~~~~~~~ IN T ER BEOG ED

WAT ER RETURN LOSS: In t e r io i t t en t
~~~~~~~~~~~~~~ ( . 0 . 8 .  5 9 .3 ’  WATER LEVEL IN CASING: ( 1ev 98.9 ’
xxzzzzx z Fracture Zone RECOVERY: 92%

BOR ING DATA:
NU’4BER RCB-3 

Proj ect 02122

DATE OF BORING : October , l Oll PROPOSED 1-9 6 (JEFFR IES F~Y) T~~C
LOCATION: St a 241+35 , 12 3 ’ Rt of Cons t ruc t ion  ~ 

- OAK YARO , C I TY OF C 6 T ~~ L~
GRO~l40 ELEVATION: 146.4 f t  WAYNE COUNTY , CH 1
MADE B Y; J. P. M cG u ire , Geo phys Ical Un i t
GEOLOGICAL LOGS BY: Geop hys Ical Un it Geologists

A-1 6

— .—.— ‘ ‘-
- ‘-

S
.— . 

~~~~~ ~~ ___ _‘5~~~
_ _

’
_ —-



LOG OF ROCK PROFILE UN C ONF I N E O  C~~YP RES5 ~~0~ T E C T  D A TA

• U1IC0 UFIN ED D E F O T h A -  ~~NT
CO~ P?ES- l IO N

(LIV DRY POROS’ SIVE AT AT
SAMPLI IN B UL A ITY STRENGTH . FAILURE , U L T I I L T E  0

(LIV TOP OF P006 (LIV. 70.5 ’ NO . FEET SP OR AV % PSI ‘. S T R E ’ ,OIii , P I  R ’. T ’ C
IN j~~ - ! . : D I UM GI1A Y D O L O M I T E — — _______ ______ __________ _____________ ——

F EET ~~~~~~~ — - — ~~ — B ’ S . L  T I L L  AND O LOCH Y
10 — —~~~~—— C T ~ G M I T E  F RA GS A ND 4~J69 • 9 2.52 10. 78 8 , 270 .30 4 .1 4 x 13 6

4 - 2 H E l I U M  CR A Y O~ LO M ITE . ~~~~~~~ 2.52 11. 0 1 10 ,933 .2 9 3. 53 x C~
C OMB STRUCT URE

GRAY TO BU FF DOLIM lIE
________ — SAE ’EA S 70 .310 70.9’

= GRAY D OL O M I TE
‘S GRAY AND W H ITE BANDED

s ’- CHE R T

‘S 4-3 R~•7 2.74 3.25 1,570 .17 3.75 1 10~ 2. :3
DOLO M ITE - SOME CHERT 

—  — ______ _____ ________ ________ ___________

BLEB S . SEAMY .±i ! 2.7 1 3.91 2,900 .15 ‘ 1 .63 3 6

85 — ~ 
4-5 65.3 2.13 3.61 12 ,990 .46 2.90 x 3 6 2.

‘S 

4~~ 4-6 64.1 2.79 1.41 19,910 .29 5.81 ~ ;3 6 
~ 2 C

4-1 63.3 2.15 2.11 13 ,500 .41 1 3. 6 4 1 1 3 6 
~~~

p ~ GRAY CHERT

— DOLOMITE AND SILT-
_________ STONE SEAMS

( .0 .1 .  60.8 ’

~ Wa ter re turn loss

B zzz uxzx  Fracture Zone

WATER LEVEL IN CASING: EI ev 98.5’
RECOVERY: 91~.

• 33% based on cores 4” or longer (2 1% 1st 5.. 40% 2nd 4.1 ’ )

BORING DATA:
NUIIBER: RC B-4 Proj ect 82 122
DATE OF BORING: October , 1911 PROPOSED 1-96 U EFFR I ES FV ,’Y ) THROUGH
LOCATION: Sta 243+0 0 , 166 ’Lt of Co nstruct ion ~ OAK YARD , CITY OF DETROIT

P GROUND ELEVAT ION: 144.5 f t  WAYNE COUNTY , MICH IGAN
MADE BY: 1. P. UcCu ire , Geo phys i cal Unit
GEOLOGICAL LOGS BY: Geophysical Unit Geologists
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LOG OF ROCK PROFILE UNCON F I NEO ~CMPRE0 ~~~Y. T EO T  L A T A

U N C ONFINE O D EF C ~ MA- IC O M P R E S -  T ICN
(LIV CRY P01105- S I d E  AT 41

- 
SAM PLE IN BUL K I T Y  S T R E ’ , C T H , FA I L ~ Rf , I U L T I ’ ~~T E  -

TOP OF R G~ k (L IV 7 2 . 1 NO. F EET SP G R A V  P S I  ‘. S E N O T ~~.P:, ~-L ’
(L IV N O T ~C~ :ES HOL E —

IN ~~~~~~~~~~~~ C~i OP —
FEET _..Lr_L3!L GRAY DOLO M I T E  ±..L i*i 2.14 3.21 16 ,840 .50 3.5 6

- 

~ 2 fl~ 2.56 3.30 3,930 .18 --
‘S ~,

‘S L I G H T  GRAY C H ERT

10 — ~~~~~~~~~ G R A Y  T O L O I I T E  - MM~Y
~~~~~~~~ 

~~~~ S S ~ S . ~LY 5-3 63.6 2 .75 1.86 16 , 260 .30 4.63 U ~~
A P P E A ’ I,,C SEA IS — .  .5 - 4  1 h R C j G ~i3~ T T ri E IN- 5-4 o~~. 1 2.73 2.83 13 , 2 10 .45 I 4. 3 x l~

6 I.
~~~~~~~ T E R V A L  - L U . 6 ’  00 — _______ _______ ___________ ___________ _____________________

‘-
~~~

‘- --
~

- - -- - 68.2’ BROKEN RO CK .
A RE NA C ED US

5-5 68.0 2.75 2.39 10 , 143 .17 -- 2 ,33
__________ —

V ‘S ‘S G R A Y  A NO W H I T E  CHERT . ISO ME D O L O M I T E  - SOME 5 5  6 7 0  2.61 3.88 13 ,080 .35 4. 14 13 6 - 2 .;~
_ _ _ _  I

G R A Y  D QLOM T E - C H E R T  5-7 EBi 2.78 2.25 NO TEST - -  - -

“S GRAY AN O HH ITE MDI-
\ ‘S TLED CiIE R T - HAR D I

6 5 — ’ S~~~
%. _ I

( .0 .8.  64 .7 ’

IXIZ Z A X A  F r a c t u r e  Z one

WATER LEVEL IN CASING: No t recorded
RECOVERY: Nearly I 3Q~

30% based on cores 4” or longer (32% 1st 5’, 24% 2nd 1.9’)

BORING DATA:
NUMaER: RCB-5 Proj ect 82122
OA ~E OF BORI NG : October , lO l l PROPOSED 1- 96 (JEFFRIES F~iY) THROUGH
LOCAT ION: Sta 24540 0 , 124 ’R t of Const ruct ion ~ O A K Y A RD , CITY OF DETROIT
GROU ND ELEVATION: 145.6 t t  WAYNE COUNTY , M I C H I GAN
MADE BY: L P. McG u ir e , Geophys ical UnIt
GEOLOGIC AL LOGS BY: Geoph ysica l Unit Geologists
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LUI~ LI~ ROCK PROFILE UN C ONF I NFO COMPRESS I O N  T r E T  ~~~~TA

UNCOIJ I N E P I  DEFC ~~A - 1~ , -, - ‘.1
COM PRES- T I0i ~ ~~~~~ 

,‘ I
(LIV DRY P6105- SI R E AT A T  ‘ -~ ‘, I

SAMPLE IN BULK IT T  STRENGTH . FA ILURE . LT A A T E
TOP O F R O C K  (LIV 72 .0’ NO . FE E T SP GR AV ‘. P S I  ‘S S T R L N 0 T .~,PSI

(LIV I
IN ‘ JfliT

6-1 10. 9 2 .50 8.63 13 . 4 10 .23 6.33 x 10 6 2 3 3
K - ?  6— 2 10.6 2.52 10.62 I 11 ,410 .24 4 .13 A 1 36

6-3 69. 3 2.6 7 3.49 18 ,560 .58 5 .1 2 I 10 6 ,~~

M E DIUM c- pA Y ~~~~~~~ 6 -4 63. 5 2.11 2. 18 9 , 860 .11 9 .35 z I6~ 2 ’ ~~-‘-r-~y~~ ZONES CF ARC l I L A—
— — CE -T US CA ~ 3O~. ATE S —

• 6 - 5  ChIll O:L~ S IG: ,S 6-5 67,7 2.71 2.01 11 , 120 .45 1.59 x 10~ 1 .63
‘S ‘S SCATTERE D T NADUG H O U T — —  _________ _________ ____________ —

THE INT E RVAL - O CCA—
SIO NAL VUCS

~~~ A~<
•

_  

- 
.

GRAY BANDED CHERT
_ _-  

6-6 62~ 2.78 0.29 26 , 040 .53 5.2 3 ~~~

‘S ‘S MED I UM GRAY DOLOMITE

_____ 

ZO NES SIMILAR  TO 6-1 60 ,9 2.62 6. 66 3 , 730 . 12 - -  1 .37
V ¼ 72.0 ’  TO 63.2 ’

6-8 6-8 60.4 2.14 2.54 6,770 .30 2.35 ~3 6 2 ’ ~
80— 6 - 3  

— 

6-9 60,0 2.78 1.35 10 936 .31 3.33 IO~ 1.37

“‘S

• 
GRAY A ND WHITE HOT-\ ~~“ s,,, TL E1~ CHERT

— 6-10 58,4 2.41 8.04 7,433 .29 2.56 1 10~ 2 .03
* ‘S V. ~ L IKE 72 .0’ 10 83.2’. 

—

HIGHLY V 000Y

¼ ¼

•
GRAY AND WHITE NOT- 6-11 56. 4 2. 40 8.18 21 ,180 .59 3.74 1 10~ 2~~

~~~ ¼~

~~~~~~~~

~~~~ lUFF ARGILLACEOUS 6-12 54 .2 2.08 22. 18 5,690 .43 1 .39 1 t C~ 1 . 42
~~~~~~~~~~ SILT$TONE - SHAL T —

8- 13 53.5 1.80 33. 45 - - - - - - --
XX ~~

(
~~X)A ~sd “~~~~~~ -‘,, J4~

-.c_P ~~~~~~~~ ~~~~~~~~~ ( .0 .1.  52.3 ’  ¼-1 9

5% - ~~~~~~~~~~~~ i• ~~ . .~-.-,. -— • ~~~~~~~, —A - ~~~~~ ~~~ -.-_ - — f l - .  — - 
-



LOG OF R O C K  P R O F I L E  UNCCNF NIL Cd/ PR E SS ID’ . TI ci D A T A

UNC ONF I NEDI D EF C~HA- TA ’ . E’~T
CO ’ .IPRES T ICI N M0Lu ~~~ IS

(LIV C RY P01105- SIRE AT AT
SAMPLE IN B ULK IT !  S T R E N G T H .  FAILURE . ALT I A A T E

T O P  OF R C ~ R (LIV 17 .5 ’  NO. FEET SP 011KV ‘. PSI S T P E N G T M . PS I  P A T  V

(LIV
IN

Flit

I~ILL!iI 
- 1-I 1~~4 2J3 1 ,53 14 , 550 .41 6. 4 5 1 1 0 8 1 .61

L I G H T  CRAY TO SLAC K 1 -

C O L 3 ~~I T I . Oi, Y SO-  I
- F I L L I N G S  S I T L O L I -  1-2 75.4 2.62 I 5.65 4 ,160 .45 9 3 5  ‘~~

161 ION C A V V  I E S  AND I
T i c  S T R ~ C T U R E S  A N D — —

15 — P A R T I N G S , C HE AT

T HE E N T I R E  INTERVAL 7 3  7 4 5  2 7 1 1 1 .91 0 ,240 .29 ~~~~~~ ~6
ZO NES THROUG HO UT

l r1-4 73.5 2.1 5 0.60 NO TEST - -  I - -  - -

i’~l I T F  AND GRAY HOT- 1 5  73 .0 2. 48 6.20 10 , 650 .29 3 .32 x 6 6 ~~~~
_________ _T A E O  C~ E R T  —

LIG HT GRAY TO BLAC I I

DOLOMITE I
1 l  —

I 

~~~~~ ~~H I T (  A N D  GRAY M DT- 

- 

7 6  11 .5 2.27 2.92 - 15 , 246 .44 5.52 z l3~ 1 .9
‘S TIED C H ERT

A., 1-7 70.9 2.35 10 .01 10 , 980 .24 I 2. 6 2 x ~~
_ _ _  

I’ —

~~~~~~~~~~

70— 
— 

_~~~~~_• ~~~ 2. ll_ 19.15 2 , 940 .28 1 9 . 2 1  ~ 0~ 2. 15

DOLO MITE - S I LTS TON E I I
~~~~~~ 

- MINOR RUGS A N D  1-9 6 9 .2 2. 65 6. 19 I 2,340 .22 7.85 A G~ 2 . IC
________ 

SHAL YLI KE STR~ C- — ______ _______ _________ __________ _____________

TURES THRO UGHO UT 
—

- INTERVAL 7-1 0 68 .5 2. 22 19. 35 
- 

1 , 860 . 10 L 1 .1 2 1 3 D

1-Il 68. 1 1.91 28.84 1,100 .28 5.11 1 I6~ 
IJ,?

E .0.I. 87.5’

I Z I Z Z A Z I  Frac ture  Zone

WATER LEVEL IN CASINO: (1eV 103.3’ 
-

RECOVERY: IO0~39% based on cores 4” or longe r (32% 1st 5’, 46% 2nd 5’ )

BO RI N6 DATA:
Project 82122NUMBER: R ca- i

DATE OF BORING: November , 191 1 PROPOSED 1-96 (JEFFRI ES F?iY ) THROUGH
LOCATION: Sta 249+0 3 , 124 ’ Rt of Cons truction ~ OAK YARD , C I T Y OF D E T R O I T
GROUND ELEVAT ION: 144 .3 It WA YNE COUNTY , MI CH i G A N
MAD E BY: 1. P. Mc Gu ire , Geophysica l Unit
GEOLOGICAL LOGS BY: Geophys ical Unit Geologists
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LOG OF ROCK PROFILE 
—  

UNC T N ~~ I N E D  C O P .’P~~F S 5 i ; ’ , T O S T  D A T A

UN C C I . I IN EOI  D E F O ~ Y A -  I
C C -  V . T I O N  I.~~O~~~~5EL EV DO! P O R E S -  5 , ,  A T  A T  ~G’ ,

SAMPL E IN BULK I T T  S T R E , G T I 4 , F A I L J R E , U~ T I ” ~ fl IT OP OF ROCK (LIV 76.0’ NO. FEET  SP GRA y ‘. I p~ i ‘. S T R E N G T N J S I  - R A T I O
(LIV 

— _ _ _  _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _

IN , 
-FEET 8-1 15.2 2 .15 2.33 1 , 1 3  .2 8 4, 95 1 I 2.~ 3 I

8-2 
‘ 6-2 74.5 2.66 5.19 

+ 
4 , 370 .18 1 1 .24 ~ ;~~L 2 .0~~

8-3 8-3 14.0 2.69 3.23 L 4 , 460 .29 1.86 B 16 0 2. 12
x ~ X ~~~~\ 

—  —

GRAY TO SLACK COLD-
- ~~— I.IITE , S M O L Y  ZONES.

L
1
~ A~~ I HGS . 8-4 72 .2 2.81 0.33 21 , 3 10 .28 5.1 1 o 16 6 2 1 8

• 

1O-
~~~~f 8-5 69 .5 2.83 0.41 23 ,040 .5 2 5.23 

I 

2 .2 1

• ~~~~~~~~~~~~~~ SAME AS ABOV E W I T H
- - 

MO~ E C ~ ERT AN D SHALE 8-8 68. 6 2.42 11.6 0 5,640 .12 3 .2 1 x - 2 . 36

WH I TE AND GRAY MDI- 
8-7 63 .0 2.32 11 25 2 1 ,453 .50 3 4 6  z 16 6 2. lo

\,\ \.\ TIED CHERT

8-8 61.2 2.41 8.16 28,040 .13 3.60 x 10 6 2.5
~~~~ D O L O M I T E  - S I L T S T O N E  — — _______ ______ __________ __________ _____________ —

P - S IIA LYL IK E MINERAL
I - BLAC K . THROUGHOUT

IN TERVA l . 6-9 66 .2 1.86 28.33 3 , 320 .22 9.95 I 10~ 2 .23
(.0.1. 66.0’ —

Z I Z A Z Z I X  Frac ture Zone

* ~ Wa ter return loss
I

WATER LEVEL IN CASINO: 61ev 99.9 ’ - 
- 

-_

RECOVERY: 100%
38% based on cores 4 ” or longe r (33% 1st 5’, 43% 2nd 5’) -

BORING DATA:
NUMBER: RCB -8 Pro jec t  82122
DATE OF BORING: November , 1911 PROPOSED I -9 6 (JE FF RI ES FSIY ) T HROUGH
LOCATION: S~a 251+00 , 126 ’L t o f Construct ion ~ O AK YARD , C I T Y OF D E TRO I T
GROUND ELEVATION: 14 4.4 ft WAYNE COUNTY , MICH IGAN
MADE BY: i. P. M cGu iro , Geophysic al Unit
GEOLOGICAL LOGS BY: Geophys ical Unit Geologists

A-21

I

‘s,. ~~~~~~~ 
‘
~~~ 

• A ‘ - — -—



LOG OF RC O K PROFILE  — — -
I
—

I ‘~V C C ~~~~E G S  5 ’  T ’  C C I ’  £

Ut , G G ’ , I ? . E C  LI~~CI~~~A -  T a ,  F .
C O - - C S -  I T G N  - ~~ .

E L EV  3 R Y  I P C R C G  S • E A T  ‘.
SU/ :IJ I ~, 5L ~~M I T  Y ST Cl ‘.G T II  , IA I LI1RE ‘ I ~LT - L A SC S

T O P  OF KE EN [ C - E R 7 8 . 3 ’ NC . F E E T  5 P  G Y A V I  ‘, - P S I  ‘. ST~ T .G5M . r s i  Y A T I C
(LIV — —  ____ ____ ______ ______ —_______

IN
FEET ~~~~~~~ - L I G ~~T G~ A Y  L 3 L S M TE ,

V~~GS . SCA lE SM AL l

I 
P A R T I N GS

9-1 15 .7 2 .11 2.38 NO TEST

_____ 
9-2 76 .1 2 .7 7  LE~ 11 , 2 ; 0  .26 4.55 x 13 L 

-

L I G C~~ Y C 3 L 3 ~~I T E . 6- 3 7 3 . 5  2. 46 6 . 21  ~,3 TEST 
I

P A M T  ~.1.CS , CHEAT
1 LAYERS

..1
7~ 2 2~~ l~~~ o 33 2 6 0  ~~~ I

L G p T  G R A Y  D C l C ’ .II T E , — — _______ _______________________________ _____________________-

5 \~~E R I X E M~~~~ 
AND 

~~~~~~~ 
2 . 23 5 . 21  ~G T~ 6 T 

____________________

( ( t C H~~R,  - P Zu..~~S
W I T H  C H E R~ NODULES 9-6 13J 2 .6 7  4 . 6 1  ~3 T E S T  I 

—

9-1 12.4 1 .9 2  26. 06 2 760 .29 1 .04 13 0

~~~1
~~~~~~~~~~~~~~~ S - V S T C ’ .C- , S,IA LES A ’ ,3

C~~A M i T E  • IH ERBED -
D E L  9-8 71.0 1 .84 63.63 ~Z T E S T  —

9-9 70 .6 1.1 4 34.74 1 , Co .34 ~~~ ~ .

70 —

C - I C  9-10 69. 7 2 .51  8.36 N O TEST 
________ 

I I
A ND C H E A T  IN -

TE A C C - EQ

( .0 . 0 .  6 8 .9 ’

X X X Z I X I I  F r a c t u r e  Zone /

Oi~ W a t e r  return lOSS

WATER LEVEL IN CASING: 61 ev 106 ,9 ’  -

RECO VERY: 97-.
33~ based on cores 4” or Lon g er (32~. 1st 5’, 34’. 2nd 4.4’) -

BO R I ~ DATA:  Pro j  ec t  82 122
NU!~3E~ : RCB-9  PROPOSED I - OS (JEFFR I ES F Y )  Tri R C~ O Ii
D A TE OF 6C~~ i~3: Oc tobe r , 197 1 OAK YARD , CITY OF DETRO IT
LOCAT IGN : Sta 263-’ i6 C , l 1 O ’ R t  ot Cons t ruc t ion  ~ WAYNE COUNTY , MICHIGAN
CROUNO ELEVATION: 143.4 ft
MADE BY: i. P. Mc G u i r e , Geo p h y s i c a l  Uni t
GEOLOGIC AL LOGS BY: Geo physica l UnIt Geo logIsts
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LOG OF ROCK PROFILE
U N C G T . F I N E O  C C I I Y~~5 S I ’ , T E S T  D A T A

UNC C N I NE D 1 DEI5~ ”A - I
C O Y - P P - E S -  T i ~~I, M C I C I L L . 5 S  I

11EV DRY P O R O S -  S I V E  A T  A l  53 ’ .
SAMPLE IN B UL K IT Y I S AET.G T H, F A I L U R E ,  ~~ T I K ’ A I

LOG OF RO C K (1Ev 78.1 • NO. FEET SP GRA V ‘. PS I ~, S T R E N G T H  PS I  - R A I l S
(LIV C I 

—

~~~~~~~~~~~~ 

_____ ____ _______ _______ ______________

FE~ T 

* ~~~~~~ 
L~~G 1 5  G R A Y  D Q L O ~ 

I10-1 lu.1 2.14 2.63 NO TEST
• 
— DC~~0IP I TE , SHALES , — —  _______ _______ _________ __________ ____________________

— S I L T S T ONE

I C - C -  D O L O M I T E . VUG S 10- 2 75 .8 2.15 3.33 9, 633 .34 2.63 x 10 6 1 7 6

~~~~~~~~ 
— D O L O M I T E  A ND SHALE ,

— -
- INTERBE D OED 10-3 15. 1 2 .6 6 0.51 NO TEST 

__________ 
I

10-4 74.5 2.80 0.25 9 ,480 .45 2.44 x 13 6 2. 11

x~~~-~~ - D O L O M I T E . RUGS .
— . SM5. ~t PART INGS ,

SOME MINE R A L

_____ — 

10-5 7 1 .0 2.7 4 2.46 NO TEST 
___________

I N T E R ’ E D D E ’ A ’.j 
0 - 6  TT~

’ 2 .56 ‘ i3 .cS 8 . 316 .45 2.23 -~ 2 .~~I I,
~O - 7  C H EA T IN CL USI ON S _L~~~ ~~~ 2 .56 6.01 ~J 1663 

—

~~~~~~~~~10 “ 
~ T’5~8 0-8 10.0 

I 
2.63 5.5 1 5, 543 

- .23 2.21 x 13 0 2 .;a

LA ST 0.9 GRAY AN D 10-9 69 .2 2.38 12.8 9 NO TEST 
_________ __________________

CHEAT
N,

1.0.8 . 68 .4 ’

Z Z Z Z X Z X Z  Fra c t ure Zone
.—* Water return loss -

WATER LEVE L I N CASING: Not record ed
RECOVERY: 103’.

33% based on cores 4 ” or longer (2 7% 1st 5’, 40% 2nd 4.1’) 
-

BORI NG DATA: . Project 82122

NUMBER: RCB- lO PROPOSEO 1- 96 (JEFFR IES F\~Y) THROUI~H
DATE OF BOR ING: Dece mb er , 1971 OA~ YARD , CITY OF DETROIT
LO CAT IC N : S t a 25.~+06, 126’Lt of Constructi on ~ W AYNE COUNTY , MIC1UGAN
GROUND ELEVATION: 144.3 f t
MADE BY: 1. P. Mc C u i re , Geophysical Unit
GEOLOGIC AL LOGS BY: Geo physical Unit Geologist s
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LOG CF ROCK PR3F UE I C - S  :C- ” SY:: 5 S ’,

- A’ .T. ’, s~~s ~[CL - I A —  T L ’ ,~~~’.:

- c~
- —~~

-
~-

[ C - I A  I S A Y  PC -~~C 3 -  S . C  A T  I A T  5
I ’, C - u . ’ I Y  - - ,-. T H . IA I ,AE - J~ T A

T O P  E-~ ~ HK E L E V  81 0 ’  N C .  FELT OP 3 5, ‘, P3 ,  ‘, 
- 

Sl i-~~,H~~. Y 5 I  ~A T  i c

: C L C  SE , 

-

~ 

—

FEET —~
— -- ~~~~~~ s-.: ~ A . ‘V 

-
- F~~~~~~~ L , , 5 , E S~ A~ E - I

‘ A A ’ ~~~’.C~~ F,~.SI.. A T  I
- 6 4. 3 ’ ) I

8 0 —  I - 
I

L.~.JI 
— I l — I  I 16. 7  L O S  0 . 5  6 0 T E T

C y I I I I x i 2
~C 3 S . C M C - R T  N~~~~

1 — 3  
- 

7 3 . 8  2 . 4 3  5 . 36  63 TEST

-. • -I 5 C - I~~ SE A T  C / C - R E , - I

~~~~ j~~~~~~~C~ A E  - I
N, \, C C C I V  A55  ~ - n i T E  W IT -  I

.EQ C- E A T
________ I I 

-

H - -A C’~E R T  1 — 4  75 ~~ 2 . 4 4  1 .33 5 , 666  .3 6 1 .60  :c~
1 1 - 5 76.5 ?.~ 3 I 4.5~ 6~ TEST 

______-
~~~~ Os ~~3 ’ . s~ s~ io sso I I

- S H S S T : 5 E  5~~T C - R , A T —

75 — 
— 

I 
ER ~ A 

M N

H-S 74 .2~ 1 ,8 4  28 . 81  1 , 3 6 3  . 19 2 .8 3 ~~ .8 4 .

C C ~~G ’ ! C T E . H C Y  U . S  1 1 -7 73.3 2.36 - 9.85 NO TEST—~~i—1_~~_C- W r I T E  C H E A T S , R~~C-S — — ______________ __________________________________

I t - B 72.5  2 . 73 2 .4 1  22 ,233 .52 4 .63 1 10 6  1 .83
~i~~~~ ._-_ C R A Y  DO~~C - -~~T E  . IT H  — — ______ ______ __________ _________________________ —

S ALE P A R T i N G S

- - - ( .0 . 8 .  7 1. 6 ’

IZ IZ I IZA  F rac tu re  Zo r~

W A TER LEVEL IN CASIN O :  E l ev  105.6’
RECO VERY: 03 . -

27% based on c o r e s  4” or longer (22 % 1st 5 ’. 32 % 2nd 5 ’ )  -

BORIN G DATA: - 

Project 82 122
NU.~3 E R: RC B-1 I PROPOSED 1-9 6 (J EFFR I ES F : Y )  THROUGH
DATE OF BORI NO: 3e c e ~~e r , 10 11 OAK YARD , CITY OF D E T R O I T
LOCAT IO N:  S ta  257 ~~6 . 1 2 3 ’ P,t of C o ns t ruc t Ion  

~ WAYNE COUNTY , MI CH IG AN
GROUND ELEVATION:  144. 6  t t
MADE DY : .1. P. i~c O~ i r e , G eo pr ,y s ic a l  Un it
GEOLOGICAL LOGS BY : G e o p h y s i c a l  Un it  Geo log is t s
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LOG OF ROCK PROFILE L I , C O N F I N E  -~~~~~3 S I L ”  T E S S  ~~~T *

IC r A I

11EV C A Y  r C A S -  
L -  

A l  A r ’ ’ .
A M? L I II, BLIR I I S V  - S r i  ,~ iH , I I A i L ~ A E , - 

IC - i A T E  —5
TOP OF R C C K EL (V ?8 6’ ND. FEET SP GPA ~~ ‘. ~‘si

- S T A ~ s C - Tr . ?: P A S S
1

(LIV —  — -

IN
FEET 

~~~~~~~~~l 
L I G H T  CR A Y ~~l N C - Cf NEQ 1 2 - 1 17.7 2.14 2.3 1 12 353 

- 
.41 

I 
~~~~~~~ K .56 2 .55

I A ND C A V I T Y  F I L L I N G S  —

12- 2 76 .6  2.57 5 , 2 3  63 7681
A I tTT~~T E A S Y  F . S E . G s~~NE3 — — ______ __________________ ________________________________

5 5 5’ - ’ . T E  ~~Hr S - .~~ -~~~~~~~~~ E A R I I N G S  - D I L T S i 5 S [

12 -3 75.7 2.63 0 . 65  
- 

6: TEST
_____ I

75_y I

~~~~~~~~~~ 

1)045 C P A Y  F I N E - G A D  SEQ
i L L  O D L O M I T E . O G L E  P C - A T -  -
- -~~--- INCO , A C - C S . C A V I T Y

~~~~~~~~~~~~~~~ F I L L I N G S , S C F T  S :..T-
~~~~~~~~~ S T C N E  Z C S E S  ,C ,3 P~ 5 KY
~~~~~~~~~~~ P A R T I N G S  T HAD U G HOUT

THE INTE RVAL

p

12 -4 7 1 .9 2.5 1 5.3 1 15 ,190 .23 I 4.61 1 1O ~ 2.12
GRAY AND AN l IE C H ERT A N D — — _______ _______ ___________ ____________ _______________

~~~~~ DOL O M i T E , INT ER B E DL E D -
I~ SOME RUGS

1 ~ f lGHT O V A  ( C C C - O ’ . I I T F . S .~C - L E
~~~S ’.L5-,Q ‘ART  I NC - S . ~~G S ,  S C - I C  ECS-

— bJs~~ ’~
, hi~H INC~IU-

L IG H T CRAY CD LCI .1  S E AND
CHEATS . SCIT E V E R T . C A L

‘ ‘
~~
“ FRACT ER ES , SI LT S T C SE

LA ST 0 . ) ’ OF I N T E R V A L  
2.39 12.49 4 , 110 .24 2.34 1 1C 6 2 .02

• 
( . 0 . B .  68.~~ + —

x x s x x s z x  Fracture Zone -

WATER LEVEL IN CASIN O: Ele v 99.4’ 
-

RECOVERY: 100’.
• 24% based on cores 4” or lon ger (26% 1st 5’, 22% 2nd 5’)

BORING OATA: Project 82122 

-

NU~1BER: RCB~l2 
PROPOSED 1-96 (JEFFR IES FITY ) THRCUG1~

LOCATION: Sta 259+00 , 125 ’Lt of C o n s t r u c t i o n  
~ WAVM C POI)MTV

GROUND ELEVATION: 141. 9 ft II~~ v vsi I,

MADE BY: i. P. M cCui re , Geo ph ysic al Unit -

GEOLOGICAL LOGS BY: Geop hysical Un i t Geo logists
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TABLE B-2

CONSTRUCTION COSTS
FORCE MAINS AND INTERCEPTORS

ENR 1,960

DIAMETE R COST PER FOOT

3’-O” S 55.00
4-0” 75.00
5’-O” 95.00
6’-O” 115.00
7’-O” 140.00
8’-O” 165.00
9’.o,, 190.00

10’-O” 220.00
11’ -O” 245.00
12’-O” 270.00
13’ -O” 300.00
14’-O” 325.00

Costs are for installed pipe , assuming:

a. Force main is prestressed concrete embedded cylinder pipe with minimum
5 foot cover.

ft Gravity interceptor sewer is Class IV reinforced concrete pipe with average
12 foot cover.
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TABLE B-3
CONSTRUCTION COSTS FOR MINED STORAGE RESERVOIRS

ENR = 1,960

Storaqe Capacity J Construction Costs
MG ACRE-FT. (in Million Dollars)

500 1540 58
1000 3075 95
2000 6150 190
3000 9230 280
4000 12310 360
5000 15380 450
6000 18460 545
7000 21540 630
8000 24610 715
9000 27690 805

10000 30750 890
11000 33850 975
12000 36920 1065
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