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REPORT C(}IPOSITION

The survey report is divided into a Su~nnary , and 9 Appendices . A
charge for each appendix and suiinary report to cover the cost of printing
will be required , should purchase be desired. The appendices each con-
tain a different category of infox,nation . Alphabetically identified,
the appendices are :

A. Background Infonnation - This appendix includes the population
and industrial proj ect ions , was tewater flows and the engineering data
used as a basis for planning.

B. Basis of Design and Cost - This appendix contains the criteria and
rationale used to design and cost the final alternative wastewater treat-
ment sys tern components .

C. Plan Formulatioi i - The appendi x presents the planning concepts
and procedures used in developing the alternative wastewater management
plans that were examined during the study.

D. Description and Cost of Alternatives - This appendix contains a
cost description and construction phasing analysis for each of the final
five regional was tewater management alternatives . Components of these
alternatives are described in detail in Appendix B.

E. Social - Pnvironmental Evaluation - This report provides an
assessment of the social and environmental impacts likely to arise
from the implementation of the final five alternatives .

F. Institutional Considerations - This report presents an assessment
of the institutional impacts likely to arise from implementation of the
final five alternatives .

G. Valuation - This appendix presents a broad evaluation of the
implications and use potential inherent in the final five alternatives.

H. Public Involvement/Participation Program - This appendix doc~inents
the program used to involve the public in the planning process .

I. Coninents - This appendix contains all of the fonnal comments from
local , State and Federal entities as the result of their review of the
other appendices and the Sumary Report . Also capsulized are the views
of citizens presented at public meetings .

The S*.minary doannent presents an overview of the entire study.
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I .  I U TP OD U C T r O N

A . O P J E : : T A T I Or :

This volume is a part of the Uni ted  States  Army, Chicago Dis-
trict , Corps of Engineers , Surv ey Scope Study Report for Regional  Wastewater
Man~~oemer . t  in the Chicago-South End of Lake Michigan  (C’ — SELM ) area .
Thc  ~v-’rol i  Sur~:cy Scopn S tudy  re~ ~ r~ n s i~ ts  n f  e :~~r~ar ~’ v c l ~~rrc ~~~
a n u m b e r  ~.f suppor t ing  append ices.  Th i s  ap r en ~~ix , A - ~~~dU: D , ) cr-
cription and Cost of Alternative s , conta ins  a deta i led  dc sc r ip t i on  and
cost a n a l y s i s  for each of the five regional wastewater  management  al-
te rnat ives .  Each al ternat ive is constructed from management  sys tem
components  described in de ta i l  in Appendix  B , Bas i s  of Desicr .  and
Cost .

f l - I -.~~- l



I .  INTRODUCTION

B. NON-SPECIFIC DESCRIPTION OF ALTERNATIVES

GENERA L

Each of the five regional wastewater management  al ternatives
is constructed by placing together the individual management  System
components which are fully described in App endix B. After a detailed
description of each alternative is presented in Section II, a phasing
and implementation schedule for each alternative Is considered in Sec-
tion III . The component management system unit costs from Appendix
B , Section VI are then aggregated over planned implementation schedules
to determine total alternative costs. Present worth costs and the annual
average charge for each regional wastewater management alternative are
presented in Section lv. Section V presents a comparison between the
regional wastewater management alternatives. This includes a cost corn-
parison and a compari son of the stream flow regime impact for each al-
ternative .

Section VI compares the current alternatives for regional waste-
H water mar~agement with the result s of the C-SELM Model Study which

was published by Office , Chief of Engineers , under the title “Regional
Wastewater Management Systems for the Chicago Metropolitan Area ,
Technical Appendix, March , 1972. The final section , Section VII , pre-
sents a recommendation for future pilot programs.

To place the reader in the proper reference framework , a brief
description of each of the five regional wastewater management alterna-
tives is presented below . This description includes major  management
system components only . Reference is made to Table D-I-B -- l .

ALTERNATIVE I

Alternative I , Reference Plan , Is designed to meet current stream
quality standards as identified by the States of Illinois and Indiana .
Sixty—four treatment plants are projected for th is  al ternative , which re-
flect the regional plans of the various C-SELM planning agencies.
Stormwater management for th is  al ternat ive is limited to the incorporation
of the Chicago Underf l ow Plan plus the management  of f lows from the

D - I - B - l
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remair dn& a~ea~ served by combined sewers . Sludge management is
acconplished through the implementation of an agricultura l utilization
program. The 64 plants in this alternative serve as the base for dif-
ferent regi~na1 aggregations , acting as access points or treatment facil-
ities for t rea tment  plant and combined treatment  p l an t—land  alternative s
or as access points only for the land treatment alternative .

ALTERNATIVE II

Alternative II is designed to meet the no discharge of critical
pollu tants (NDCP) water quality goals . The alternative provides for
33 physical-chemical technology treatment facilities. A conveyance
syste m is provided to aggregate the existing 64 treatment plants Into
the 33 plants , with the phased out plant sites serving as access points
for municipal and industrial flows . The complete stormwater management
system for urban , suburban and rura l land-use area s is applied to this
alternative . Sludge management is accomplished through agricultura l
utilization . The reuse management system for both potable options and
the recreational-navigational reuse option is applied to this alternative .
A complete residual rock and soil management progra m is implemented
to provide the orderly remova l and use of this material.

ALTERNATIVE III

Alte rnative III is designed to meet the NDCP water quality
goals . The alternative provides for 17 advanced-biological techno-
logy treatment facil i t ies.  The conveyance system conveys flows from
47 base pla nt sites which now act as access point s to the 17 regional
treatment faci l i t ies .  Stormwater management encompasses urban , sub—
urban and rural f lows.  Sludge management Is provided , with both ag ri-
cult ura l util ization and land reclamation evaluated for this alternative .
Both potable reuse options and the recreat ional-navigational  reuse sys-
tem are evaluated for this alternative . Complete rock and residual  soil
management  is provided for Alternative III .

ALTERNATIVE IV

Alternative IV is designed to meet the NDCP water qua l i ty
goals.  The a l ternat ive  uses five dispersed land sites which pro-
vide land treatment  for wastewater flows . Conveyance tunne l s  trans-
mit f l o w s  from the 64 former t reatment  plants , which now act as access
points , to the land s i tes .  Sludge management  is accomplished by either

D-I-B-3
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agr i cu l t u r a l u t i l i z a t i o n  or land recla mat ion .  Both po tab le  reuse  opt ions
and the r e c r e a t i o n a l — n a v i g a t i o n a l reuse sys tem are provided for t h i s  al-
t e rna t ive . In addi ti on , the reuse system includes  return conveyance
f r o m  the land si tes to the su dy  area . Comple te  rock and  soil rr.anage-
m on t  is provided .

ALTERNATIVE V

A ternat ive  V is designed to meet the N D C P  wate r  q u a l i t y

goals . The a l te rna t ive  provides t r ea tment  t h r o u g h  t i v e  r e g i on a l
advanced biological  t reatment  p lan t s  in the inner , more urbanized area ,
and a number of dispersed , land sites which provide land t re a tment ,
and serve the outer , more suburba n area . Conveyance transports flows
from the former treatment p lan t  sites to the five regiona l t reatment
pla nts and to the dispersed land sites . Complete stormwater manage-
ment of urban , sub urban and rura l flow s is provided . Sludge manage-
ment is provided by either agricultura l u t i l iza t ion or land reclamation .
Reuse of reclaimed water is accomplished through either of the pot —
able reuse options , and the recreational-navigationa l reuse provis ion.
The reuse system provides for the return of flows from the land treat-
ment area . Complete rock and residua l soil mana gement is provided .
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I. INTR ODUCTI ON

C. STRU CTURE OF APPEND IX D

APPENDIX ORGANIZATION

The Appe ndix is divided Into seven , roman-numeraled sections
which outline the five regiona l alternatives and their associated costs
and present s a detailed comparison of all alternatives. The sections
in this appendLx are : ~~~~ ~~ ‘-‘ ‘ ~~~~~

I. Introduction 
-

II. ‘Specific Description of Regional Wastewater
Management Alternatives

III . Phasing and Implementation ,
/

IV . -, Cost of Regional Wastewater Management
Alternatives ;

V. .. Comparison of Regional Wa stewater
Management Alternatives ’ -

VI . ....Compar lson with C-SELM Model Study .
~

VII . -Recommendations for Future Studies and
and Pilot Programs.
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APPENDIX LABELING

Page numbering and Figure and Table ident i f ica t ion  are refer-
enced by a four place designat ion . An example of each is presented
below:

Table or F i gur e  Labeling and Referencing

Table or Figure D - I V  - A -
~~~~~

Identifies L ldentifies table number , numbered
reference as I consecutively from beginning of
a table or tigure subsection .

Lldentifies subsection of section
L ldent i f ies  section of appendix

Lldentifies Appendix

Page Numbering and Referencing

D - VII - D -14

Identifies App endix 1ldentifie s page number , numbered
consecutively from beginning of

Identifies section of Appendix -~ subsection
L ldentifies subsection of section

DATA AN NEX ORGANIZATION

The data annex to this appendix is organized in a parallel
structure to the formal appendix . The data annex contains more de-
tailed supporting information .

REFERENCES

Referenc e numbers for bibliographic references are listed
chronologically at the end of appe ndix and appendix data annex
subsections.

D-r -C -2



_ _  
-—. .-~~ ,-~~ - ,- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TECHNICAL APPENDIX D

II .  SPECIFIC DESCRIPTION OF REGIONAL
WASTEWATER MAN AGEM E~:T ALTERNATIVES 

‘ -. .



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I

II. DESCRIPT iON OF REGIONAL WASTEWATER
MANAGEMENT ALTERNATIVES

A . GENERA L

The five wa stewater managemen t  al ternatives , which are exa-
mined in this  appendix for the C-SELM s tudy  area are described in
detail in this  section . The descript ion of these a l ternat ives  is pre-
sented by detailing the basic components which comprise regional waste-
water management , i . e . ,  treatment , sludge , stormwater , conveyance ,
reclaimed water reuse and rock spoil management sys tems .  The basis
of design and cost for these sys tems is presented on a uni t  cost b a s i s
in ~ ppendix B . Also presented in Appen dix B are non -s t ruc tu ra l and
synergism management  s y s t e m s .  The non-s t ruc tu ra l  managemen t  s y s t em
is not included in this appendix since no direct costs are associated
with this  component together with the fact that it is common to all  f ive
al ternat ive management  s y s t e m s .  The synergism component is presented
and examined in Appendix G.

Graphical  representat ions  of the five a l ternat ives  are a isi  pre-
sented in th is  section which include t reatment  fac i l i ty  and access point
locations , service area boundar ies , wastewater  and s ludge conveyance
systems , land t rea tment  and sludge u t i l i za t ion  area s and water  ba lance
d iagrams .  F i n a l l y ,  a descriptive table for each a l ternat ive  is presented
including per t inent  t reatment  f ac i l i t y  i n fo rma t ion .

D-II- A-- l

_ _



II. DESCRIPTION OF REGIONAL WASTEWATER
MANAGEMENT ALTERNATIV ES

B. COMMON MANAGEMENT SYSTEM COMPONEN TS

There are a number of system component s which are common toall or to the major ity  of the five alternative management  sys tems  pre-sented in this  appendix . To facili tate alternative descriptions , thesecomponents are presented in this section prior to the description of eachwastewater management alternative.

STORMWATER MANAGEMENT SYSTEMS

As presented In Appendix B , a variety of stormwater manage-ment sys tems have been designed for different land use areas .  For thecombined sewered area s , which consist main ly  of the City of Chicagoand several adjoinin g suburb s , stormwater runoff  is managed by the useof comprehensive storage systems as contemplated in the Chicago Under —flow Plan .  This plan , which uti l izes a large quarried storage site inthe McCook— Summj t  area and two minor storage sites at the StearnsQuarry and O’Hare areas , Is common to all al ternatives (I thru V) .  Forthe combined sewered urban areas other than the City of Chicago , suchas Wauk egan , Jollet and Gary , stormwater management  Is providedthrough the use of mined storage faci l i t ies .  The layout of these urbanmanagement systems is graphically presented In Figure D— II- B - 1 . Thestormwater tunne l s , which are mined In deep rock format ions , augmentthe existing comhlned sewers and mit igate  flooding and strea m pol lutionproblems by hand l ing  combined sewer overflows for u l t imate  t reatmentprior to discharge to the receiving s t reams .

A suburban stormwater management system , common to Alterna-tive s II through V . is designed to meet the ND CP water qua l i t y  goals
of thi s s tudy by t reat ing some 98% of the r unof f  from the C-SEL~~ sub-urban areas. For present suburbaniz ed  areas with combined sewers ,
the  m a n a g e m e n t  sys tem u t i l i z e s  e i ther  mined  or fenced shallow pits  ¶ o r
s tormwater  s torage supp lemented  ~vi f t  a~~r ~t i : ~r f a c i l i t i e s .  \V h or r  l and
is i v aj i ab l e  in sr ’r ar  it e  sewer suburban  areas , s h a l l - w  p i t s  are u t i l i , - o i i
f n r  s to rmwat er  svrage . Where space is at  a p r e m i u m  in e x i s t i n g  sub-
ur h in area s , mixed storage area s f u n c t i ’~r, as St o r m w a t e r  ~toragr  faci l i -

D - I I - B-  1 
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t ies.  Area s which are at present In rural land use and which are
projected to be in suburban use by 1990 are provided stormwa ter
storage through the conversion of rura l stormwater retention basins to

F suburban shallow pit storage . The stormwater runoff in the urban and
suburban storage facilities Is ultimately conveyed to regional advanced
wastewater treatment (AWT ) plants or land treatment sites In order to
meet the water quality goals of the study . The subu rban stormwater
management system is graphically presented in Figure D-II--B-2 .

The rural stormwater management system is also common to
Alternatives II through V. This management system incorporates land
management and soil conservation practices which are designed to in-
crease Infiltration into the groundwater system (minimize storrnwater
runoff) . The stormwater which does run off is channeled as overland
flow to retention or storage bas ins .  From these bas ins , the storm water
Is conveyed to nearb y spray irrigation machines which apply the water
to the land for treatment by the “living filter’1 . The renovated water is
collected by a dra inage system with subsequent discharge to a nearb y
natural watercourse.

ROCK AND RESIDUAL SOIL MANAGEMENT SYSTEMS

This management system includes the transport of rock and re-
sidua l soil from tunnel , storage , a nd pipeline excavati ons from the point
of origin to the point of final use or disposal .  This management system
is common to Alternatives I through V. Only the qua ntity of material ,
which is dependent on the degree of regional treatment and hence the
extent of conveyance systems , varies between the al ternative management
systems.  As presented in Appendix B , a va riety of management oppor-
tu nities exist for the final disposal of this mater ia l .  Among the disposal
opportunities studied were the construction of mountain landscapes and
recreational islands in Lake Michigan and also the commercial utiliza-
tion of rock material.

REUSE SYSTEMS

The reuse of high qua l i ty  reclaimed water from AWT plant s and
la nd treatment sites is common to Al ternat ives  II through V . A l t e r n i t i v o
T , which is designed to meet exi sting e f f l u e n t  s tandards , does not h
m use provisions since the water qual i t y is not acceptable for p tali
and open bod y contact recreation purposes. Two reuse needs of th~

D-lI -8-3
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C-SELM area are satisfied by the NDCP alternatives. These include
the supply of potable waters to groundwater water supply deficient areas
and the maintenance of adequate base flows in streams for recreational
and navigational purposes. While the details of this management sys—
tern are presented in Appendix B , the two options to meet the potable
water supply needs of the area are generally presented and analyzed in
this appendix . The first option assumes the continuance of the current
3200 CFS L~tke Michigan withdrawal limitation for the State of Illinois .
Th u s , it is necessary to supply reclaimed rura l stormwater and regional
wastewater flows to selected potable water need areas. In the second
option , the current Lake Michigan withdrawa l restriction Is arbitrarily
considered Inoperative with all C-SELM water supply deficient areas
being supplied by Lake Michigan. Recreational and navigational reuse
needs are supplied with reclaimed rural stormwater and regional reclaimed
wastewater flows . The impact of these reuse systems on strearnflows
and water balances are presented in detail in Appendix D , Section V-B .

WASTEWATER TREATMENT SYSTEMS

At present there exist some 130 odd wastewater treatment plants
In the C--SELM study area . The local planning agencies have examined
these existing plant s and have recommended the maintenance of some ,
the abandonment of others and the building of some new plants. These
current loca l planning agency criteria are reflected in the 64 plant s
identified in Alternative I , the C-SELM Reference Plan which Is dis-
cussed in Section D-II-C , Appendix D.

For the subsequent alternatives , I .e . ,  Alternatives II through V ,
Table D-II-B-1 identifies those treatment plants of the 64 reference plants
that are abandoned to meet the needs of the alternative management sys-
tern . When a plant is abandoned , it functions as an access point for
discharging wastewater Into the regional conveyance system . Thus corn-
mon to all alternatives is the location of 64 poInts which function as
treatment facilities or access points to regional conveyance systems .

D— II— B -- 5



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

Table D—II-B-l

ABANDONED PLANTS IN THE C-SELM STUDY AREA

Plant
Ref .  ABANDONED PLANTS
No.  Name Alt I Alt II Alt III Al t  IV Al t  V

1 Deerfield X X X X
2 Salt Creek X X
3 North Side X
4 West -Southwest X
5 Spring Brook X X X
6 Joliet X X
7 Calumet x
8 Gary X
9 Gurnee X X

10 O’Hare X X
11 Hinsdale X X
12 Lisle X X X
13 Joliet-West X X X
14 Bloom X X
15 Hammond X
16 Burns Ditch X X X
17 MIchigan City X X
18 Llndenhurst X X X X
19 Granwood Park X X X X
20 Wa ukegan X X X
21 Vickory Manor X X X X
22 Sylva n Lake X X X X
23 Mundelein X X X X
24 Libertyville X X X
25 New Mundelein X X X X
2 6 Vernon Hills X X X X
27 Ela X X X X
28 Lake Zurich East X X X X
29 Des Plaines X X
30 Clavey Road X X X
31 Hanover X X X X
32 Bartlett  X X X X
33 -34 Addison X X
35—36 E lmhurs t  X X X

D 1 1 B 6

~

- - -



Table  D - T I -B - l  (Con t inued )

Plant
Ref . ABANDONED PLANTS
No.  rcame Alt I Alt II Alt  III Al t  IV Alt  V

37 Glen E l lyn X X X
38 Wheaton X X X
39 West Chicago X X
40 Nat . Accel .  Lab.  X X X X
41 Downers Grove X X
42 Citi zens W. Suburban X X X X
43 Romeoville X X X
44 emc’~-t X X X
45 Lo ckp or t  Height s X X X X
46 C h ickawaw Hill  X X X X
47 Derby Meadows X X X X
48 Pl a inf ie ld  X N N N
49 Lockport  X X N X
50 Will Co u n t y  Water Co. X X X N
51 Oak High lands  N N N X
52 New Lenox N x x
53 M o k e n a - F r a n k f cr t  X N X
54 Pm e s twi ck  U . C .  X N X N

Elrnwood X N N N
56 ~~~nh~~ ta~ X X N X
57 Wood H i l l  X X X N
59 Townsh i o  F . C .  N X N X
5~ E.  Ch icao  H e i g h t s  N N X
6fl Eas t  Chicago N N X

Crown Poj r ,~ X N N X
62 ~~~ N -

~

63 Por tage  X X N X
64 Ches te rt on  N N X
65 V a lp ~ r ’ i s o  X N N N
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I I .  DESC~~tPT IOI”. OF REGIONAL WASTEWA TLP
N A N A G E M E N T  ALTERNAT IVES

C. ALTERNATIVE WASTEWATER MAN AGEMENT SYSTEM DESCRIPTIONS

ALTERNATIVE I - REFERENCE PLAN

Alte rnative I is structured to reflect wastewater mana g ement
system planning as proposed by the regiondl p lann ing  agencies in the
C-SELM study area . This al ternat ive is comprised of 64 t reatment
plants of which 54 presently exist . This al ternative is graphica l ly  pre-
sented in Fig ure D — II—B — l . The type of t reatment  at these regional
facilities is such that present effluent guidelines or standards as set
fort h by the States of Indiana and I l l inois will be met . These guide-
line s or standard s and corresponding treatment types are presented in
detail in Appendix B and Data Annex B.  The onl y stormwater which is
treated in this alternative (exclusive of stormwater infi l trat ion ) is that
which is generated in combined sewer areas.  The treatment plant capa-
cities are based on the 1990 design flows which are presented in Table
D — I I - C — l  along with other pertinent treatment faci l i ty  information . The
conveyance system consists of pipelines and tunnels connecting corn-
bined stormwater storage with the 64 treatment p lants .  The conveyance
system doe s not include the interconnecting between an estimated addi-
tional 78 out lying and exist ing treatment  service areas and the 64 re-
giona l t reatment plants of Alternative I inasmuch as th is  incremental
conveyance is ass umed to be within the responsibil i ty of exis t ing re-
gional plans.  A cost estimate has been made for this  incremental  con-
veyance system and is included in this appendix in Section V-A . The
sludge management system for Al ternat ive I incorporates the concept of
agricultural utilization of sludge as a means of f inal  d i s p o s a l .  For the
eight Metropolitan Sanitary District of Greater Chicago (MSDGC) fac i l i —
ties , their anaerobically digested biological sludges are conveyed via
pipeline to an agr icul tural  area in Ful ton Coun ty ,  I l l inois , as g raph ica l ly
shown In Figure D - I I-C - l .  For the remain ing  56 fac i l i t i es  in th i s  al-
ternative , the biologically stabili zed sludge is conveyed by pi pr line
t ransmission to nearby agricul tura l s ludge ut i l iza t ion area s as shown in
Figure D-II-C-2.
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2Land use consistent with exis t ing regiona l p l e m n s .
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ALTERNATiV E II - PHYSIC A L - CHEMICAL T P E A T M E N T  P LAN

The phys ica l-chemical  t rea tment  technology is u t i l i zed  in Al-
ternative II to conform to the N DCP water qua l i ty  s t a rd ~~r~~. As shown
in Figure D-II—C -3 , this  plan is comprised of 33 t reatment  p lan t s .  The
purpos e of this regionaiization of service areas from the previous 64
treatment plants is to take advantage of the economy of scale available
for treatment plants by e l imina t ing  the relatively small  (less than 10
MGD capacity) AWT p lan ts .  Pertinent treatment faci l i ty  informat ion for
this alternative is presented in Table D-II --C-2 . A regul ated flow con-
veyance system as shown in Figure D- I I -C—3 is designed to accompl ish
thi s regionalizatlon by incorporating 31 abandoned p lan t  sites or access
points Into the 33 physical—chemical  regional fac i l i t i e s .  Due to the
high lime content of the physical-chemical  sludge , the sludge manage-
ment system for Alternative II incorporates an agr icul tura l s ludge util iza-
tion program for soil pH control and f ina l  d i s p o s a l .  Prese r -tod ~r F igure
D — I I — C - 4  are the sludge conveyance sys t ems  and a i i c at ~cn areas f : r
th is  p lan .

ALTERNATIVE III - ADVANCED BIOLOGICAL TREATMENT PLAN

For Alternative III , the advanced biological t rea tment  t echnology
is specified to meet the NDCP water qua l i ty  goal . As depicted in Figure
D — I I — C — 5 , this  is a 17 treatment p lan t  system which is des igned to in-
corporate the larger secondary t rea tment  fac i l i t ies  ex is t ing  ii’. the C-SLLM
study a rea . Presented in Table D-II-C-3 is the pertinent tre -’~tmen t  facil-
ity data for this a lternative . The conveyance system which accomplishe d
th i s  regional  treatment scheme is also graphica l ly  presented in Figure
D— II - C— S . For this alternative , two d isposa l  option s are presented for
the sludge management  sys tem.  In the f i rs t  option , the  st T h i l i z e d  s ludge
from the 17 advanced biological t r ea tmen t  p lants  i s  cn r v e ed b y a pip e-
line t ransmiss ion  system to nearby ag r i cu l t u r a l s l u d g e  u t i l i : o t i o r .  areas
as presented in Figure D — I I - C — 6 .  In t h i s  s’-’r t en - . ,  the  slu dc r ’  is ipp lied
t’- the  l and  in yearl y a pn 1 i c o t i -~n s tc er~~m r c e  t h -  c r2 ’ 1-.I C  i n : :

content  of the soils f o r  increased c r o p  p r o d u ctj  n . The s econd  slu ~ or
managemen t  opti c - n a ir  includes p i p e l i n e  t r i r - o n : i s s i o r .  c - f t h ~ r t T h i ’i z ed
s ludge  to u t i l i z a t i o n  a reas .  Hc’.-;r”:e r in t h i s  p l i r  , . ‘ o t : 1 i c -~ t i c r. ~r ea s
are unproduc t ive  s t r i p — m i n e d  a r e i s  -- ;h: ch ir e  b c  t d  ~t a n n r r ’ c- l  ~r ’le d i r -
tances  1 m m  the  C — S F L M  area as  shown in F :our e  f l - i I — C — 7 . Pc -i t h i c -
ontion large app 1ic~ t ic - -n s of s lud ce  are r~~ d’~ ‘ ~ s hor t  r r ’ e-i ~~~’d

r clain~ t h r  l can d  f :  r n-, me pr- o u :- t l \- r- u S e.

D -I I -C-7
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The land t rea tment  technology is u t i l i z e d  in A l t e r n a t i v e  IV for
the a t ta inment  of the NDCP water qua l i ty  goal s .  As shown in Figure
D — I I — C — 8 , the plan consis ts  of 5 ma jo r  land sites located on the suit-
able agr icul tura l  land which is o u t s ,~de of the C-SELM s tudy area . De—
tailed soil maps  which were u t t l i zed  in the design of these  land sites
are presented in Data Annex D , Section Il-C . The land t reatment  site
design informat ion  is presented in Table D-II-C-4.  The conveyance

~‘-‘stem connects the 64 was tewater  access points (same locat ion as the
u4 p l an t s  ir . Alternat ive I) wi th  the land t rea tment  conveyance sys tem as
shown in Figure D-II-C-8.  The prof i les  for the land t reatment  convey-
ance tunne ls  and the reclaimed water reuse tunne l s  are presented in Data
Annex D , Sect ion  I l— C . Simi lar  to Al ternat ive  III , the s ludge manage-
ment sys t em for this  p lan  u t i l i zes  two d isposa l  opt ions .  Ir ,  the f i r s t
cr’~ion , the s ludge , o f t e r  h ein~ r t a h i l i z e d  in the land treat~~er.t c i t ’
r t n age lagoons  for  a per i o d  of some ten years , is dredaed out and c o n —

-~‘eyed via p ipel ine  to ad i ao en t  og r i c u l t u r a l s ludge u t i l ~zat i :- r .  a re is .
These agr icul tura l s ludge u t i l i za t ion  area s are g raph ica l ly  presented in
Figure I J — I I - C - 9 .  The second s ludge  managemen t  option inc ludes  dredg-
ing and pipel ine conve yance of the sludge from the ~1to raqe lagoons  to
land recla r -r o t ion  sit es  in the s-i rn *~ genera l v ic in i ty  as  pr ”  .sed in Alt er-
nat ive III . This  s ludge managemen t  u t i l i z o t i - o n  opt ion  is or en t e r -~ ir .
Figure D - I I — C — l O .

ALTERNAT iVE V - ADVANCED BIOLOGICAL LAND TRE AT Th7
COMBU ~ATION PLA N

Al t e rna t i v e  V r~~~ p i o \-~ ~
-- o t h  t h e  advanced b i o l o g i c - i l  and land

tre~ tro —’nt t c rh n o l - o o i e s  t o  meet  t i ’ i-  I\ DCP ‘vot er  q u a l i t 2  coal . As s hn v r .
ir Figure  D — I I — C — l l , the th r ee  l~~rce second i r ~ f~ ° i ! : t . ’s of t ’ e  \~SDG C
ore incorpora ted  ir .tc th is  plan t , 1ot :~~’r c:ith the Ti !mmcif ld  or~i L~ ’3ry
p l a n t s  ir. I n d ian a  for advanced  was te  t r ’  i t m e : . ’C b~~~

’ t h e a d vanced b i o l o c i —
r~~i tr~chno1 n cy . The r - o m a i n i r c r  f l — ~-;s ~r. t h o  C —S t T 4 - ’-~ a~ - ’ i . ~re cor.~’ovnd
a n d  trr ’”el ~t f i ve  lan o  t r -  m o o t  :- :t -”s as d e p i o t- ~~~d in  ~oure  D — l I — C — l l
The pc~~~n ”n t  t r n o t m e n t  f :c l  I ~tv de s ic o .  in f o r m  lt i on  is p r e s on t r - ’~ in Tab l e
D — I I — ~ —5 . S i m i l o r -  to ,:, tr ’ rn ~t iv - s III .~rid IV , th~- s l ud q *— nou:- ncm c ’r . t
sy. for t: -i is p u n  incnr:- ’~r . I t( -s  tv ~~~ o- udci r d i s p o s a l  F t . ln n s  . For th e
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The second sludge management option Includes the pipeline conveyance
of stabilized advanced biological and land treatment sludge to strip-
mined area s In Illinois and Indiana as graphically presented in Figure
D — I I— C - 1 3 .  In these areas large one—time applications of sludge are
made for the purpose of reclaiming this barren land for more productive
use.
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I I I .  PHASING AND I M P L E M E N T A T I ON

A . INTRODUCTIO N

PURPOS E

Each of the wastewa ter management  al ternat ives , developed
as a resul t  of the C—S ELM Study,  is composed of m a n y ,  not pre-
sently constructed , systems and sub-sys tems.  The implementa t ion
of any one alternative wi l l  require a large number of properly
sequenced construction periods with related construction costs -

Further , as construction of systems or portion s of sys tems are
completed they can be placed in operation with  appropr ia te  beginning
of expenditure of operation and roa int enance (0 ~ ~~- I and Dep lace-
ment f u n d s .  The purpose of th is  section of the Appen o ix  is to
develop a construction and s tar t-up progra m for each of the alte-
natives which is both logical arid practical and which  is cornp at ab le
wi th  the priorities and policies for C-SELM was tewater  m an agement .
F ina l ly ,  the s t ruc tur ing  of those  const ruct ion  and s t a r t — u p  or p h a s in c
and i m p i e rn en t a t i c o  programs for the a l t e r n a t i ’~- es w i l l  f a c i l i t a t e  the
examinat ion of compara t ive  economic costs associated w i t 4-’, t h e i r
respective implement at i on s  which  takes place in S e c t ion  IV , the ri i- :- :t

section of this Appendix.

ORGANIZATION

This section is organized into subsect ion s en t i t l ed  In t roduc -
tion , Priorities and Policies , Procedure , Construction Cost and
Start -up Programs by System and Construct io n Cc-~t md S ta r t-up
Program Summary .  The Introduction presents  the  purpose  for -a
Phas ing  and I mp l e m e n t a t i o n  progra m and ou t l ines  the  o r g a n i z a t i o n
or format  of th is  phasing and i m p l e m e n t a t i o n  section . The P r io r i t i e s
and Policies subsect ion l i s t s  the controls  a p p l i c a b l e  to C- SEI M

wastewater  m a n a g e m en t  which  l a rge ly  de termine  tn e  des ion  of t h e
p h a s i n g  and i mp l e m e n t a t i o n  program.  The procedure subsec t ion  de s-
cribes t h e  basis and cons t ra in t s  for the phas in g  and iD - p I e n t a t i o n
programs .  F i n a l l y ,  t h e  Const ruct ion  Cost  and S t a r t - - : p  P r o g r a m ( s)
by System and Su ~~m aD\ -  su~~ r ’ t i o n s  j I~~~II:I t he  d e t l I Cd  and  o-~ e r a I i

phasing a n d  i m p l e n e n t  ~t i o n  pr o i r a m s  - r r - spect ;e ly ,  ~c-r each  of . he

a l t e r n a t i v e l  .

D - I l I- A -  1 
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B. PRIORITIES AND POLICIES

The controls imposed on the pha sing and implementation
programs by the applicable C-SELM wastewater management prior ities
a nd policies taken together with the pract lcal i t ies of construction
schedules and reasonable funding schedules effect ively determine
implementation progra m design . The listing of priorities and policies
which follow s largely provides this progra m defini t ion.

(1) NDCP water qual i ty  goals achieved by 1985 consistent  with
the new arid prevailing federa l water qua l i ty  l eg i s l a t ion  of
1972.

(2 ) Min imum exposure of premature inves tment  to m a x i m i z e
protection against avoidable obsolescence.

(3 i Maximum protection of Lake Michigan water qua l i ty .

(4) Early prototype development  in order to op t imize  sub-
sequent designs.

(5) Combined sewer service a rea s given construction priority
for stormwater management  consistent  with the 1972
federa l water qua l i ty  legislation .

(6) Flood control aspects of stormwater management  given
construction and s t a r t—up priority over water q u a l i t y  a spec t s .

(7) Water quali ty aspects of stormwater managemen t  implementa-
tion coincident with imp lemen ta t i on  of ?~~DCF t rea tment  of
municipa l and industr ia l (M & I) f l ows .

( R I  Soil erosion control led by a p p l i c a t i o n  of Soil Thn~ er v a t i n r ,
Service (SCS) practices in rura l and outer s ub u r b a n  C-SEI ,M
area s prior to other stormwater m a n a g e m e n t  i m p l e m e n t a t i o n .

( 9) U t i l i z a t i on  of s tormwater  conveyance and s torage is  i t
becomes a v a i l a b l e  dur ing the construction period for
equa l iza t ion  of M & I d iu r n a l  and s tormwater  peak f low s
pr ior to treatment in e x i s t i n g  secondary  tr e atrc c-r - .~ f ac i l i t i e s ,
t h u s  a b t a i n j n o  m ore  e f f ec t i ve  t rea tment  w i t h  e x i s t i n o  t r e a t -
ment  c a p a c i t y .

( 10) - ‘
~~-nst ruc ~ ion nr o qr - l n- commenc es  on J enu i a ~ -: 1 , 1 975.

D -II I -R- I
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C . P R O C F D U P F ,

BA S S

The phas ing  and implemen ta t ion  programs described in th i s
section a p p l y  only to the new t rea tment  systems envisioned in the
a l r ea dy  described C-SELM Al te rna t ives  I through V . Exis t ing
was tewater  management  sys tems are assumed ei ther to phase into
the  newly  implement ing  sys tems such as in Al te rna t ive  I , the Reference
a l t e rna t i ve  which ut i l izes  a large amount  of exis t ing fac i l i t i e s  or to
phase out wi th  the newly implement ing  systems such as in Alternat ive
III , the Phys ica l -Chemica l  tech nology a l ternat ive  which requires
e s sen t i a l ly  a l l  new f a c i l i t i e s .

The const ruct ion costs incurred dur ing  implementa t ion  for the
var ious  a l t e rna t ives  are the costs required to introduce or supple-
ment  the capaci ty  of sys tems to the year 1990 design f lows.  When
the newly constructed sys tems are placed in operation the O&M and
replacement  costs appropriate to those systems commence. Exist ing
systems , which are either supplemented or supplanted upon s tar t-up
of the newly implemented al ternat ive or its component sy stems are
not prior costed for either 0 1SJC or replacement . Thus , the phasing and
implementat ion programs together with their associated costs are only
a p p l i c a b l e  to the newly  implemented a lternatives and a l l  costs
associated wi th  exist ing wastewater  management  are ignored unt i l
this management  is ei ther  supplemented  or supplanted .

CONSTRAINTS

Two cons t ra in t s  are imposed on the phasing and implemen ta t ion
programs in order to fac i l i t a t e  the comparison of impacts  caused by
the various a l t e rna t ives  and to mainta in a degree of d e t a i l
app rop r i a t e  to a survey—scope  type stud y .  First , the construction
schedu le  and the start—up schedule for a given system are identical
for a l l  a l t e r n a t i v e s  and are specified by percentage of tota l construc-
tion capi ta l expended versus  t ime  and by percentage of 1990 capaci ty
p lacc - ( ’ l in operat ion versus  t ime , respect v e ly .  Second , the percent-
age of tota l cons t ruc t ion  capita l expended versus  t ime is  held to a
un i fo rm rate . The above two cons tra in t s  are compa t ib le  wi th  logica l
im p l e m e n t at i o n  programs for each of the a l t e r n a t i v e s  and pro v ide , a t
the san- c t ime , for an  e f f ec t ive  and e t f i c i e n t  compar i son  of i m p a c t - ~

D — l I l — O —  1
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of the a l ternat ives .

A third constraint , or freedom from cons t ra int  in th i s  case ,
is that construction capita l f u n d s  are a v a i l a b l e  app rop r i a t e  to t h e
phas ing  selected .

D — l I I — f l  -2
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D. CONSTRUCTION COST AND START-UP PROG RAM S BY SYSLI rS

The C-SELM phasing and implementat ion program is described
in this subsection in detail  for each sy stem or system component .
This program is consistent  with the pr io r it i e s  and policies cited
earlier for C-SELM wastewater  management  and with  the preceding
procedure constraints . The system or system component is analyzed
for implementation both with and without separate sewer stormwater
ma nagement . Except for t ransmission facil i t ies , all system compo-
nents are designed and costed for 1990 flows . The t ransmission
fa cilities are designed and costed for the 2020 flows .

Stormwater Management ,  Phase 1
Combined Stormwater Storage

As presented in Figure D-III-D-l , the construction on capital
costs associated with the stormwater  management  system in the
C-SELM combined sewer service areas are expended at a rate of 10%
per year commencing in 1975. Stormwater management for the 3 7 3
square mile MSDGC combined service area begins in 1985. This sys-
te m comprises 65% of the total C-SELM combined sewer capacity .
For the combined sewer portions of Lake and DuPage Counties (less
Hinsda le) which is equa l to 25% of the total system capacity , the
storm water management system commences in 1980. The remaining
l0~~ of the system capacity which relates to the Hinsdale  and Bloom
Township areas comes on line in 1982.  Stormwater management ,
Pha se 1 , applies to both with and without separate stormwater analyses.

Stormwater Management ,  Phase 2
SOS Practices

Phase 2 of the storin water management system refers to the
implementation of SCS practices on al l  rura l lands based on the
1970 design year.  Beginning in 1975 , 16 .6% of the construction
capital for this phase is expended per year . As graphica l ly  presented
In Figure D-III-D-2 , the implementation of this system lags the
construction by one year .  Stormwater Mana gement , Phase 2 , applies
to the with separate stormwater analys is  only .

D - I U - f l - l
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Storrnwater Management , Phase 3
Separate Stormwater  Storage

Phase 3 of the stormwa ter managemen t  system relates  to
m a n a g e m e nt  of s tormwater  generated in the C- SELM suburban  and

h an sepa r ate  sewer ser::L: . e a reas .  A ::; r e sented  ir F i g u r e  C — J i -D-- 3 ,
the  c o n s tr u ct i o n  capita l is uy~ cnde c  at  the r ate  oi 12 .5% pe ye ar
commencinq  in 1975.  The implementat ion of operation of t h i s  phase
begins  in i 9 7 ~ in c  increases  a t  the -ate  of 1 2 . 5%  per year  u n t i l  the
complete sys tem is on l ine  by 1983. Phase 3 of the st c -r T water
m an ag e m e n t  sys tem applies only to the wi th  separate  s tormwater
an a l y s i s .

Storm water Mana gement ,  Phase 4
Rura l  Storage and Treatment

Phase 4 of the s tormwater  management  system encompasses
rural stormwater storage and t r ea tment  f ac i l i t i e s . Commencing in
1975 , 12.5% of the construction capita l is expended per year. The
storage facilities become operationa l one year after  construct ion be-
gines at the rate of 12.5% of total capacity per year. In 1980 ,
55% of the rural treatment capacity comes on line while the remain-
ing capacity comes on line in 1982 as shown in Figure D- I I I -D-4 .
Stormwater Management , Phase 4 applies  only to the wi th  separate
stormwater analysis.

Conveyance

Beginning in 1975 , 20% on the construction capital for the
conveyance system is expended per year.  As shown in Figure D-
I I I - D — 5 , 25% of the system is operational by 1980 , 40% by 1982 and
100% by 1985. For the wi thout  sepa ra te s tormwater  analys i s  con-
struction capital must  be reduced equivalent  to the construct ion cost
associated with separate storm water conveyance between storages
and access points. The remainder of conveyance capita l is unchanged -

an t ic ipa t ing  the eventual inclusion of separate s tormwater  t h r o u g h
design provis ions .  Conveyance replacement  and O&M costs a lso de-
crease in the wi thout  separate s tormwater  an a l y s i s .

Treatment

The cons t ruc t ion  :f t rea tment  f a c i l i t i e s  for was t ewa ter  a n - l
u r b a n - s u b u r b a n  s tormwater  f lows  commences  in 1~~75 at  the  ate of
10% per year. As presente l in Figure D-lII-D-6 , 25% - t  the s y :~~~ -r :

is opera t ional  by 1980 . -10% by 1982 and 100% by 19h 5 .  For the
w i t h u t  separate  s tormwater  a n a l y s i s , the con st ruc t io n  c a p i t a l ,
p l a c e -n ”n t  and O~~M c :sts a r e  somewhat  rc-d u ced due  to I i m i n i s I ; e H ~
inst - i lied ca pa r - i ty  and average annual flow .

D — I I I — D - 4
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.~ludqe Management ,  Trea tment  Plants

For the t r ea tmen t  plant  a l t e rna t ives , the eons t ruc t i - n capital
of the sludge m a n ag em e n t  system (both r p t ion ~~) is expendo l a t  the
rate of 10% per year commenc ing  in 1975.  S imi l a r  to the t r e a r r - e n t
sys tem . 25% of the slud ge ~r a r iag e rn ent sys tem becc- rc es o p e : c :i c ;i i : d
in 1980 , 40% in 1982 and 100% by 1985 as shown in Figure D-III—
D-7. This system applies to both the with and without separate
stormwater analyses .

Sludge Management ,  Land Treatment

For the land treatment al ternat ives , the construct ion capi ta l
of the r udge management  system (both options) is expended at the
rate of 20% per year beginning in 1985. As shown in Figure D-III-
D—8 , the total system comes on line in 1990. This can be accom-
plished due to provisions in the storage lagoon for solids accumula-
tion to facilitate dredging operations . The slud ge management  sys tem
applies to both the with and without separate stormwater analyses.

Re use~ Recreational-Navigational

The construction capita l expenditure for the recreational-
navigational reuse system commences in 1975 at the rate of 12.5%
per year. As shown in Figure D—III-D -9 , 25% of the system capa-
city is operational in 1980 , 40% in 1982 and ~00% by 1985. For - 

-

the without separate stormwater analysis , the construction capital
must  be reduced by the cost of the wet-weather reuse t r an s f e r
stations.

Reuse ,, Potable

For the potable reuse system , the construction capital
expenditure commences in 1982 at the rate of 12 .5% per year .  As
shown in Figure D-II1-D-I0 , the system becomes operational one
year after construction at the rate of 12 .5% per year. This system
applies to the with separate s tormwater  ana lys i s  for  both reuse op-
tions . The without s-~parate stormwater  analysis  applies to the
3200 cfs Lake ~\U ch igan  withdrawa l res t r ic t ion option . For th is
analys is , the construction capital , replacement  and O&M cc - st mus t
be modif ied to allow for the subst i tut ion of reclaimed M &I flow for
potable reuse ra ther  than recla imed rura l s tormwater .
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E .  CONSTRUCTION COST A N D  START-UP PROGRA M SUMMARY

The implementation and phasing program described by system
and systemcom ponent in the previou s sub-sect ion of th is  Appendix
encompasses a 15 year construct ion period . Figure D - I I I - E - l  pro-
vides a summary format for the period of consturct ion capital  expen-
ditures for al l  a l ternat ives , for both the with and without  the separate
stormwater an alyses.  Figure D-III-E-2 provides a summary  format  for
expressing the t ime period s corre sponding to percentage cap aci ty  of
system facil i t ies in operation for wi th  and without separate stormwater .
Figure D-I 1T—E -3 provides a represer .~ation of the yearly inc rements of
construction capital  required for implementat ion of each a lternat ive  with
and without sepa rate stormwater , and summed acro ss all al ternative
systems and system components.

A summary description of this implementat ion and phasing
program is as follows:

( 1) An early construction commit tment  to conveyance systems ,
combined and separate sewer stormwater storage and
treatment systems , and implementation of SCS practices in
rura l areas together with rural stormwater storage and treat-
ment sys tems.  This program will accomplish a rapid
increase in surface water qual i ty  through stormwater flow
regulations . This flow regulation will increase the per-
formance of existing treatment facil i t ies during wet-
weather period s. This committment also provides an
early action toward s the eventual  accomplishment  of NDCP
treatment  of M&I  and combined sewer flows . It also
provides an early ac t ion  program for flood contro l togethe r
with minimizing soil erosion by interception and storage
of stormwater runoff . Inasmuch as conveyance and storm -
water collection and storage technologies are least l ik e ly
to become obsolescent , this committment guarantees
m i n i m u m  capita l i n v e s t m e n t  exposed to unnecessary  nb-
solescence .

(2 )  An ear ly  action implemen ta t ion  ( 1980 )  of NDCP water q u a l i t y
in watercourses t r ibu ta r y  to Lake Mich igan  from Ind iana
service areas and in the he adwaters  of La I~e and Du Page
Count ies  - I l l i n o i s  ( 1 9 8 0 )  and Wi l l  C o u n ty ,  I l l i n o i s  ( 19~~2)
s t reams .

I D — I l l — i : — 
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Figure  D - I I 1 - L -  1
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Figure  D - I l I - L - 3
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(3) Large treatment commtt tmentS held back un t i l  mid -

construction period (1980 - 1985) to coincide with
completion of MSDGC Chicago Underfiow Plan scheduled

for a 10 year construction period ending in 1985,  the

ultimate target date for NDCP water quality required by

the new 1972 federal water qual i ty  legislat ion .

(4) ~ecreation8l-flaV1gat iOna I reuse is implemented at  a rate

compatible with ND CP treatment implementa t ion .  Potable

reuse Is implemented at a rate compa tible with C-SELM

water needs and consistent with rura l storrriwater treat-

ment implementation for the within 3200 CFS Lake
Michigan withdrawa l option .
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IV COST OF REG IONAL WASTEWATER MANAGEMENT ALTERNATIVES

A.  GENERAL

The purpose of this section is to present the costs associated
with each of the regional wastewater management  al ternatives.  Sub-
section D-IV -B discusses the application of the un i t  cost data from
Appendi x B , Basis of Design and Cost , to the phas ing  and implemen-
tat ion schedules from Appendix D , Section III for the determinat ion ‘~~~f

total alternative costs.  Sub—section D— IV - C presents  de ta i led  cost
tables by system component for each of the five a l t e rna t ive s . In
addit ion , th is  sub-section discusses  the general makeup  of the costs
of each of the system components  reported in the cost tables .

Also presented in sub-section D-IV-C are a number  of special
cost considerat ions .  These include local conveyance sys t ems ,  loss
of tax revenues from purchased lands , salvage value and exist ing

~ndebtedness of t reatment f ac i l i t i e s , rocC ar -.d r~ s~dr ~a1 soil
n~anacen ’.ent s y s t e m s ,  reus e  s ;s tcr s a~ d in d - i s t r al s~~s t em s .
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IV COST OF REGION AL WASTEWATER
MANAGEMENT AL TERNATIVES

B . METHODOLOGY

INTRODUCTION

This section presents the methodology used to determine
t’ie cost parameters persented in the following cost table s of
Appendix D , Section IV— C . Table D—I V—B—l presents the format
of these cost tables .

The first  column of Table D-IV-B-1 ident i f ies  the regional
management system component . The next two columns present the
total capital expenditure associated with each of the system com-
ponents.  This expenditure is broken down into f i rs t  year expendi-
ture and future  years expenditure . The next four columns reflect
the present worth costs associated with capital , operation and
maintenance (0 & M), replacement (Repi.) items , and the sum or
total of these three present worth i tems.  The fina l four  columns
present the average annual charge associated with the present
wort h cos ts.

A d iscuss ion of the general methodology associc~ed with
determination of each of these values is presented in the following
section.

CAPITA L COSTS

Base unit cost da ta from Append ix B , Section VI were
aggregated for each system component design to arrive at a total
base cost for each al ternative . For example , a base uni t  cost for
a conveyance line would be given in dollars per l ineal  foot ~nr
a specific diameter. This base unit cost would then be multiplied
by the number  of l ineal fee t of conveya nce of tha t d iame ter to
arrive at an aggregated base cost f igure . This  was done for all
unit cost i tems which go in to  makinc  up a m anagement  system
component .  Again  us ing the conveyance example from above , al l
conveyance base costs for the m a n y  d i f f e r en t  sizes of conveyance
pressure lines , grav i ty  sewers , and driven tunne l s  are t - ’t a l ed and

D-TV -B-  I
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1

then added to the pump station costs to form the total base costs
for the conveyance system component of any given alternative .

A similar process was followed for each of the other re-
gional management system components , such as treatment systems ,
stormwater management systems , sludge management systems and
reuse systems , etc .

Once these overall system components base costs were determined ,
contingency and engineering and administrative costs were added
to the ba se costs. The schedule for these factors is presented In
Appendix B , Section V-A .

The fina l total cost figure for each management system
component reflecting base costs , contingency costs and engineering
and administrative costs form the basis for the capital cost value
which is used in the economic analysis of the system cost. The
expenditure of the total capital associated with any given system
component follows the capital expenditure schedules discussed in
detail in Appendix D , Section III , above , and is reflected in the
first two columns of the alternative cost tables .

Table 1DA-IV—C-9 shows the tota l qu ant i ty  of a number of base
units for each component of each management system of each
Alternative .

Table DA —I V — C—lO show s the number of base units and tota l
costs for the Potable Water Management System Option 1 and 2.

Table DA -IV—C-ll shows the number of base units and total
costs for the Sludge Ma nagement System Option 1 and 2.

The tota l costs shown are the average costs for the tota l number
of units . By way c~f illustration the tota l cost of conveyance lines
includes the costs of a number of individua l sizes of lines of
particular length . The lengths of all individual lines are then
totaled to give the number of feet of conveyance lines used and the

c osts are added to give the tota l cost of conveyance . Similar
method s were used to obtain the total number of units and tota l costs
for all  the component pa rts of each Management System .
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Present Wort h of Capital  Costs

The present worth of the capital cost was obtained by
allocating the total  capital costs over its expenditure schedule
and then performing a present worth calculation to return each
of expenditures to the zero year of the economic ana lys i s .  (197 5) .
The conveyance system component can again serve as an example.
Figure D-III-D-5 shows the capital expenditure schedule for the
conveyance system component .  This schedule shows that 20
percent of the capital cost is expended each year for five years.
The expenditure is assumed to take place on the first  of each
year. No interest is charged during construction .

Average Annual Charge for Cap ital Costs

The average annua l charge for capital costs is obtained by
amortizing the present wort h of the capital costs over the economic
life of the system . Therefore , the average annual charg e figu re
will have a component f .j r interest on the present worth of the capital
cost and anothe r component for the sinking fund to recover the capital .

OPERATION AND MAINTENANCE COSTS

Operation and Maintenance costs (0 & M) are determined
on a unit base cost method and were presented in Appendix B ,
Basis of Design and Costs. The 0 & M costs are given on an
annual figure when aggregated from the unit cost base . For
example , the conveya nce system 0 & M costs consist of two base
unit cost Items: 1) manpower requirements and miscellaneous
maintenance parts and 2) power consumption . Item I was obtained
as a simple percentage of the base capital cost plus contingencies ,
for a yearly figure . Item 2 was determined from actual power
req uirements of the pump stations installed in the conveyance
system , and aggregated to a total kilowatt hours requirement for
an enti re year of pumpage , based on the 1990 level of flows .
This annual  power requirement was then multiplied by the assumed
cost of power to dete rmine the annua l power cost .

A s imi la r  ana lys i s  was performed for 0 & M costs for other
regional management  system components such as treatment  systems ,
s tormwater  m an a gemen t  systems , etc.



Present Wort h of Operation and Maintenance Costs

0 & M costs are an annua l cost based on the 1990 level
of flow. However, during the Implementation period there are
0 & M costs are reduced because the flow treated is less tha n
the 1990 level. The 0 & M costs associated within this time
frame are assumed to be a percentage of the 1990 Cost. For
example , the conveyance system 0 & M costs during its
implementation period are assumed to be a function of the
on-line capacity of the system . The percentage of on-line
capacity is given in Appendix D , Section III-D . For the con-
veyance example , Figure D-III-D-5 shows the percentage of on-
line capacit y as a function of the 1990 flow . This shows that
in 1980 , 25 percent of the total capacity is on—line , in 1982 ,
15 percent more capacity Is on-line and in 1985 capacity is
assumed to be 100 percent of 1990 levels .

To obtain the present worth of the annual  0 & lvi expendi-
tures , the costs In each year are determined and this 0 & M
expenditure Is returned to the zero year , 1975. This analysis
is applied over the entire 50 year life of the system .

Average Annual Charge for Operation and Maintenance Costs

The average annual charge for the 0 & M costs Is cal-
culated on a present worth basis by simply multiplying the present
worth of the 0 & M cost by the capital recovery factor.

REPLACEMENT COSTS

Replacement costs are determined on a unit cost basis
and aggregated over all cost items for each system component .
The unit replacement costs are based upon individual replace-
ment schedules for the many capital expenditure items In each
system component . This schedules and their associated replace-
ment items are presented In Appendix B , Section VI.

The conveyance system is again a good example . In this
component , the pump stations are the only replaceable Item , within
the economic life of the system. The replacement schedule for
this component calls for a replacement of certain items on a
10 year and 25 year basis .  These two unit replacement costs ,
10 and 25 year , are aggregated over the entire conveyance system.
This was assumed to be a lump sum payment made at the first
of the year of replacement .

D-IV-B-5



Present Worth for Repla cement Costs
Replacement costs were returned to the zero year of 1975 by

a simple present worth calculation from the year of the replacement
expenditure . For example , in the conveyance system ten year
replacement period only, there would be a series of ten year re-
piacement expenditure s through the economic life of the system.
n additio n , there are three distinctly different start-up periods

for the replacement schedule associated with the on-line capacity
schedule as discussed in the 0 & M cost section above .

\verage Annua l Cha rge for Replacement Costs

The average annual cha~ge for the replacement costs was
obtained by amortizing the present worth of replacement cost over
the 50 year economic life of the analysis.
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IV COST OF REGIONAL WASTEWATER MANAGEMENT ALTERNATIVES

C. ALTERNATIVE COSTS

INDIV IDUAL ALTERNATIVE COST TABLES

The following tables present the cost associated with each
of the five regional wastewater management alternatives. The
format and production of these tables was discussed above .

The tables reflect the four interest rates of five , five and
one-half , seven , and ten percent . In addition , where applicable
the tables reflect the two different sludge management options ,
agricultural utilization and land reclamation .

The tables have two rows of numbers for each regional wa ste-
water management system component and each column . The top
number is the cost associated with the management alternative In-
cluding all stormwater flows; the bottom number reflect s the cost
associated with the management alternative but Including only com-
bined sewer stormwater flows . The combined sewer stormwater
management system includes the Chicago tj nderflow Plan serving
a 375 square mile service area and a dispersed number of mined and
surface combined storages serving an additional total combined service
area of 210 square miles.

Tables D-IV-C-1 through D-IV-C-4 present costs associated
with Alternative I, the Reference Plan , at the four interest rates,
and for only agricultural utilization sludge management . Tables
D-IV-C-5 through D-IV-C-8 present the costs associated with Al-
ternative II , the Physical-Chemical Treatment Plan , at the four
interest rates with agricultural utilization sludge management. Tables
D -IV-C-9 through D-IV-C-16 present the costs associated with the
Advanced Biological Treatment Plan for the four interest rates and
both sludge management options. Tables D-IV-C-17 through D-IV-C-24
present the costs asscclated with the Land Treatment Plan for the
four Interest rates and both sludge management options. Tables
D-IV-C-25 through D-IV—C-32 present the costs associated with the
Advanced Biological-Land Treatment Combination Plan , at the four
interest rates for both sludge management options.
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SPECIAL COST CONSIDERAT IONS

General

This section outlines a number of special cost consideration s
associated with the costs reported on the individual alternative cost
tables presented above .

The cost of connecti ng the 132 presently existing treatment

facilities into the 64 regional treatment facilities which form the
basis of the management system costs çresented above are not Included
in these cost figures . However , an estimate of the capital cost
for thi s interconnection has been made . The cost for the ant icipated
202 0 flow condition Is approximate ly $28.8 million . Thi s is
consisten t with the design and cost basis for the conveyance system
presented in the cost tables.

The conveyance system was designed for 2020 flows to recog-
nize the economies of scale inh erent in the larger flows , and since
it was a ssumed that the same treatment facilities would later be
expanded to accept the Increased flows .

The t reatment system costs are based on treatment plant
ca pacities to meet 1990 design flow conditions. The cost analysis
assumes a 1990 level of flow to remain constant beyond 1990 and
over the economic life of the system.

The la nd treatment capital cost figure includes only the land
for lagoons purchased to provide aeration and storage for the 1990
level flows - The cost of the land treatment system does not Include
provisions for the loss of tax revenues associated with land areas
used for the lagoon facil i t ies.  For alternatives lV and V , it is est imated
that the annual tax loss on purchased land will be approximately $1 .
million and $0 .3  million respectively .

The salvage value of existing treatment facilities which would
be abandoned in the construction of any alternative is assumed equal
to the cost of dismantling and scrapping these facilities. Abandoned
plants are presented In Table D-II-B--l as a function of alternatives.
The associated land is assumed to be maintained In the same public
ownership and is available for access points among other uses.

The bonded indebt edness associated with existing C- SELM
plants has not been considered in this cost analysis due to the
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~ s- s I e n  -
~~ L- -~d. r 1r t h e r n r~ - ~is  ~cre~n er :-:~ c(~~t

S CI ~~~~~~~~~ t~ ~ll a l t er n a t i v e s  and thus  it wil l  not a l te r  the  
~dc  ~ngs cIt the se t e r n H t i v s.

~ n ted i~ ~er. ~~ B , ~ection vl —A , the es t imated
- 

- H pl~~ ‘- t-. --‘- ne d ~11a~ h t P ar -~~s i -  S4~’l . 5  ‘~u l l i on .  
— ta’ i cn r c 2r r .~~~-r~ in : er ~~~ i r a t e s  and

- ‘ ‘ - - _
~~‘ - - - a -  on t d s  :nnney .  A s s u m i n g  an interest  rate

~~
— I ‘

~~~ ~. ~r -  ~~ 50 -
~ ears , t~~e increase in total average

I~~~~a rn e  du~ to I 115 indebtedness range s from 12 percent
for .-~I t e r n c i l i v e  I down to 3 percent for Alternative IlL

~~LC N  dU d Residual  Soil Management Systems

Th ree options have been discussed in Appendix B for the
m an a i~oment of rock and soil materials  from the construction of storage
faciEties , deep tunnel  conveyance systems , and shallow conveyance
sy st .  ‘s .  The cost for the five alternative wastewater management
systems has been determined based upon making the maximum commer-
cial use of the mate rials .  The cost of material management has been
included is a part of the construction cost of each component and
involves a stockpil ing and handling cost to provide for future commercial

I l a n i  i l t y  —

If the mater ia ls  from the construction of the McCook-Summit
s or-~ge ‘~as in  are not used commercially, but are instead used to
construct  a mountain landscape in the southwest Cook County area ,
an addi t ional  $225  million capital expenditure would be required .

I f , instead of commercial use , the materials from the McCook-
Summit  storage ‘ asi n were used to construct recreational islands in
Lake \ Ivh igan , $35 0 million in additional capital expenditures would
be added to the basic cost of each alternative .

Reuse Sys t ems

Ti~~ re ’.n ,n sys t c -n - - s present ed in Appendix B are designed for
rocrea~ 1 - ~n - i  -navig at ional  reuse and potable reuse. Recreational—
n a - h  ~~nt~ -n - I reuse cost f igures  only are presented in the indiv idual
i l t c r n a t , \ - I -  coat  tables presented above . The potable reuse system
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The potable reuse system cost figures are presented in Table
D-IV-C-33 , for Alternatives II through V. These costs are broken
down for each of the two potable reuse option s 1 and 2 , associated
~“ith the 3200 cfs restriction on I l l inois  Lake Michiga n withdrawa l and
no restriction on Illinois Lake Michiga n withdrawal , respect ively.

As was done in the individual  al ternative cost tables , two
figures are reported for each cost i tem. The top f igure  ref lec ts  a
with total stormwater analysis  including separate stormwater while
the bottom figure reflects a without separate stormwater or , combined
stormwater only ana lys is .

The pot able reuse system Cptlon 1 was designed for
the with separate stormwater analysis since reclaimed rural

stor-mwater flows were utilized as an integral part of that  reuse
system together with reclaimed municipal and Industrial  (M & fl
flows . For the without separate stormwater analysis , the costs
associated with Option 1 of the potable reuse system were

— estimated in the following manner:  The potable reuse system
costs attributed to the collection and transmission of reclaimed
rural stormwater flows were deleted. These rural reuse flows
were made up by increasing the use of M & I f lows. Therefore
the cost estimate of the without stormwater analysis  consisted
of a linear increase in the costs associated with the M & I
supply system for the with stormwater analysis .

The cost figu res in Table D-IV-C-33 can be added to those of
the individ ual alternative cost values of Tables D-IV-C-5 through
D-IV-C-32 to determine the total management system cost with a
potable reuse add-on .

I ndustrial Sy stems

All Industrial wastewater flows , exclusive of the power industry
flows , are assumed in the methodology of thi s study report to be
tributary to regional tr eatment plants in order to accomplish the projected
NDCP eff luent  goals . While thi s Is a certainty for Industrie s that are
curren tly connected to regional treat ment plants , it would undoubtedly  he
dictated by the relative economics of re gional p lant  versus  on-s it e ND CP
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treatment for those industries currently treating on-site and discharging
effluen t directly to C-SELM surface waters . The following industr ia l
treatment cost analysis deal s with the present on-site tre tment
indu stries that constitute in excess of 90 7- of C-SELM indu stry  and
thereby reasonably approximates the total industr ial  C- LLM wastewater
treatment costs withi n survey-scope precision. These ,ri -~~i tc
industries are identified as the critical in dustries , n - irn ely steel 1and
petroleum , and the balance of the on-site Industr ies  are termed the
noncritical industries.

Total annual costs on a modular basis for the steel and
petroleum industries in the C—SELM area at different levels of t reatment
are presented in Appendix B. Wastewater flows for these and the
noncritical industri es are known for 1972 and have been projected for
future years . The total annual cost determined on the basis of thi s
information is summarized for the steel and petroleu ra indust ri es in
Tabl es D—IV—C-34 and D-IV-C-35 , following the fo rmat of Tables
B-Vl-B-ll and B-V l-B-22 .

The costs shown for a given year are based on a module of
the same production size as in 1972. The flow projected for a
given year divided by the discharge of a single module in that year
determines the number of modules In opera tion. This number multiplied
by the uni t cost of treatment of a module provides the total annual
Cost to the entire industry for that level of treatment .

Tabl e D—IV- C—36 summarizes the total annual costs to the non-
critical industries for the various levels of treatment . These costs
were determined by taking the weighted average of the cost to treat
unit flows in the steel and petroleutn treatment modules (weighted by
volume discharged) and multiplying thi s by the total discharge flows
of the noncritical industry segment .

A comparison of the treatment costs within a single industry
for the various levels of treatment demonstrates that the anticipated
Increased costs of higher degrees of treatment are largely or com-
pletely mitigated by the cost decreases due to flow reduction brought
about by increased recycle . The costs of on-site versus regional
treatment for achieving the NDCP effluent goals can he seen as a funo -
tion of the technology involved. With land treatment technology , a
regional plant Is favored while with advanced biological technology ,
on—site treatment appears to be favored . Physical-chemical technn logy
ex perience s comparable costs at regional and on-site treatment
faci l i t ies .

D-IV-C-3 9
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Finally , it is always more economic to proceed from current
treatment practice directly to NDCP effluent goals without designing
for current effluent standards as an intermediate goal. Depending
once again on the technology, it Is possible to reduce the annual
cost of NDCP treatment from that of current practice with land treat-
ment technology and increase the cost with advanced biological and
physical-chemical technology .
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V. COMPARISON OF REGIONAL
WASTEWATER MANAGEMENT ALTERNATIVES

A.  COST COMPARISON

GENERA L

rntroduction

Presented in this section is a comparison and analysis  of
the alternative management system costs which are shown In the
cost tables of Appendix D , Section IV-C . In order to facilitate
alternative and component cost comparisons , a brief description of
the effect s of different interest rates , stormwater analyses and sludge
management options on the cost analyses is presented in this genera l
section . The remaining detailed cost comparisons will be made for
the present worth cost analysis which reflects the present Interest
rates equal to 5.5% and which Includes the treatment of all storm-
water (with stormwater analysis), thus reflecting the NDCP water
quality goal of this study. The agricultural utilization sludge option
is used in the alternative comparisons since this is the only sludge
management option which is common to all five alternatives studied
in this report . The present worth analysis is used for comparative
purposes since it best reflects the alternative costs incurred with the
implementation schedule.

Interest Rates

As presented in the previous section , costs are analyzed using
four different interest rates. Inspection of these alternative costs
reveals that as the Interest rate increases for a particular alternative,
the present worth cost decreases. However, when costs are analyzed
as average annual charges , the total alternative costs increase as
the interest rate Increases. This general costing trend which is
common to all alternatives can be explained by studying the type
of expenditures which comprise the total alternative costs. The
present worth costs are less for those expenditures which occur
during the latter portion of the economic life of the system. For
higher Interest rates , the cost dis counts are more prono unced fo r
late expenditures. Thus , capital expenditures reflect minor present
worth cost decreases for increasing interest rat°s since these funds
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ire spent  du r i n g  the const ruct ion s tage  or the in i t ia l  economic l i fe
of the sys tem . A f t e r  complet ion of these construct ion works , the
o p e r i t i - n and m ai n t e n a n c e  costs and replacement  costs are expended
thro uc i e i L ~ t t he  r e m a i n i n g  economic l i f e  of the s y s t e m .  Thus , these
cx e un ( : i t sr e s  r e f l e c t  m - i r c -  p r enounced cost decreases in the present
worth an a l y s i s  for h igher  interest  ra tes .

The aver age  a n n u a l  charge is computed by t ak ing  the present
w =rth cas t  and amor t i z ing  th is  cost over the 50 year economic life
ot  the s v s t i -m .  Ih u s , the higher  the interest  rate , the more the
amort ized or average a n n u a l  charge .  For 0 & M and replacement
costs , the decreased present  worth cost for  higher interest  rates
offse ts  the increase in amort ized costs for the same ra tes .  The
overall effect  is a minor decrease in average annua l  costs for in-
creasing interest ra tes .  On the other hand , the minor decrease in
present worth capi tal  costs for increasing interest rates is offset  by
the increases in amort iz ing these costs for the same rates.  The
net effect  on a tota l alternative cost basis is that the capital  expend—
itures offset  the 0 & M and replacement costs and thus , average
annua l  charges increase with increasing interest rates .

When comparing alternatives , higher interest rates will econom-
ical ly  favor Alternatives II & III since 0 & M costs are large in
contrast to their capital  costs. The lower interest rates favor
Alternative IV since the capital expenditures are large when compared
to their  0 & M and replacement costs.

With vs. Without  Stormwater

All  costs presented in the previous section include a with
and without  s tormwater  ana lys i s , except for Alternative I which is
analyzed for without stormwater only.  For the with stormwater
a n a l y s i s  essent ia l ly  all  stormwater which run s off the C-SELM stud y
area is retained and eventual ly  treated . For the without storrnwater
ana ly s i s , the only runoff  that is treated is that which is generated
within the combined sewered C-SELM service areas.  However , the
regional  conveyance systems and AWl plants are designed with
capaci t ies  such that  the eventual  phasing in of all  stormwater run -
off  m a y  be accomplished .

The capi ta l  and replacement costs for the phys ica l-chemica l
and the advanced biological t reatment  f ac i l i t i e s  decrease s l ight ly
in the wi thout  stormwater a n a ly s i s  since the capac i ty  of certain
t r eatm ’nt components is decreased due to the pe aking app l i c ab i l i t y
f i c ’t o r  as d i scussed  in Appendix  B , Section J V — A . The c a p i t a l  costs
for t h - - l and  t r e atmen t  f a c i l i t i e s  of A l t e rna t ive  IV do not change

D-V-A-2
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V. COMPARISON OF REGIONAL
WASTEWATER MANAGEMENT ALTERNAT IVES

A . COST COMPARISON

GEN ERA L

Introdu ction

Presented in this section is a comparison and analysis  of
the alternative management system costs which are shown in the

cost tables of Appendix D, Section TV-C. In order to facilitate

alternative and component cost comparisons , a brief description of
the effects of different interest rates , stormwater analyses and sludge

ma nagement options on the cost analyses Is presented in this genera l
section . The remaining detailed cost comparisons will be made for
the present worth cost analysis which reflects the present Interest

rates equal to 5 .5% and which includes the treatment of all storm-

water (with stormwater analysis), thus reflecting the NDCP water

quality goal of this study. The agricultural utilization sludge opti on
Is used in the alternative comparisons since this is the only sludge
management option which is common to all five alternatives studied
in this report. The present worth analysis Is used for comparative - -

purposes since It best reflects the alternative costs incurred with the
Implementation schedule .

Interest Rates

As presented in the previous section , costs are analyzed using

four different interest rates . Inspection of these alternative costs

reveals that as the Interest rate increases for a particular alternative,

the present worth cost decreases. However, when costs are analyzed

as average annual charges , the total alternative costs Increase as

the interest rate increases. This general costing trend which is

common to all alternatives can be explained by studying the type
of expenditures which comprise the total alternative costs. The
present worth costs are le ss for those expenditure s which occur
during the latter portion of the economic life of the system . For —

higher interest rates , the cost discounts are more pronounced for

late expenditures. Thus , capital expenditures reflect minor present

worth cost decreases for increasing interest rat es since these funds
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are spent dur ing  the construct ion stage or the in i t ia l  economic l i fe
of the s y s t e m .  After  completion of these construct ion work s , the
oper at i c n and ma in tenance  costs and replacement costs are expended
t h r l - u g h o u t  the remain ing  economic l i fe  of the sys t em.  Thus , these
cx p e n d i t u r r ’ s reflect  more pronounced cost decreases in the present
wort h ana l y si s for higher interest  ra tes .

The - av er ag e  a n n u a l  charge is computed by taking the present
wort h cas t  and a mo r t i z i n g  this  cost over the 50 year economic life
of the s y s t e m .  Thus , the higher the interest  rate , the more the
amort ized or average a n n u a l  charge . For 0 & M and replacement
costs , the decreased present worth cost for higher interest  rates
offset s the increase in amortized costs for the same ra tes .  The
overall effect is a minor decrease in average annua l  costs for in-
creasing interest rates .  On the other hand , the minor decrease in
present worth capital  costs for increasing interest rates is offset  by
the in creases in amort iz ing these costs for the same rates.  The
net effect on a tota l alte rnative cost basis  is that the capital expend-
it ures offset  the 0 & M and replacement costs and thus , ave rage
a n n u a l  charges increase with increasing interest rates.

When comparing alternative s , higher Interest rates will econom-
ical ly favor Alternatives II & III since 0 & M costs are large in
contrast  to their capital costs.  The lower interest rates favor
Alternative IV since the capital expenditures are large when compared - -

to their  0 & M and replacement costs.

With vs. Without  Stormwater

All  costs presented in the previous section include a with
and without  s tormwater  ana ly s i s , except for Alternative I which is
analyzed for without stormwater on ly .  For the with stormwater
a n a l y s i s  e ssen t ia l ly  all stormwater which runs off the C-SELM stud y
area is retained and eventua l ly  treated . For the wi thout  stormwater
a n a l y s i s , the only runoff  that is treated is that  which is generated
within the combined sewered C-SELM service areas .  However , the
regional  conveyance systems and AWT plants  are designed with
capaci t ies  such that  the eventua l phasing in of all  s tormwater  run-
off  may  be accomplished .

The capi ta l  and replacement  costs for the phys ica l -chemica l
and the advanced biological  t reatment  f a c i l i t i e s  decrease s l i gh t ly
in the wi thou t  s tormwater  a n a l y s i s  s ince the capac i ty  of certain
t r e - i t n a -u t  comp - e e l - t n  is decreased due to the peak ing  a p p l i c a b i l i t y
fact r - i s  d iscussed in A p p e n d i x  B , S e c t i o n  [ V- A . T h -  cap i ta l  f o n t
for  t In  - land t r e atmen t  f a c i l i t i e s  of -~ l t e r I ) -  i t i  V(1 IV do not change
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between the two cost analysis since no peaking applicabil i ty factors
are designed Into the land treatment technology . The 0 & M costs
for these three treatment technologies all decrease in the without
stormwater analysis , since the total 1990 design flow to be treated
is some 90% of that treated in the with stormwater analys is .

The capital and 0 & M costs decrease slightly in the without
stormwater analysis for the conveyance system . Thi s is due to the
f act that the conveyance system which incorporates the suburban storm-
water management system into the regional treatment facili t ies or
access points is not included in these costs. The replacement costs
fo r the conveyance system in the without stormwater analysis de-
crease some 30% since these costs reflect pumping facilities
whose costs are proportionately high In the suburban stormwater
conveyance system .

All costs as sociated with the stormwater management system
greatly decrease In the without stormwater analysis since the sub-
urban and rural stormwater management components are not included
in this analysis. -

All costs associated with the sludge management system are
the same for both the with and without stormwater analysis .  This
is due to the fact that the grit associated with the Incremental storm -
water treated In the with stormwater analysis is reta ined and dis-
posed of in the stormwater management system.

Finally , the without stormwater costs for the reuse system are
slightly less than the with stormwater costs. This is due to the
exclusion of the wet weather reclaimed water transfers between the
major C-SELM streams in the without stormwater analys is .

- Sludge Management Options

For Alternatives III through V 1 two sludge management options
are considered . In Option 1 the sludge Is applied to rural lands
adjoining the C-SELM service area for agricultura l uti .izatlon pur-
poses. The second option involves the utilization of stripped mined
area s for applying large quantities of sludge to reclaim these lands
which are located at significant distances from the study area .

The capital and replacement costs for the agricultura l u t i l i za t ion
optio n are significantly less than the land reclamation option . A major  —

f actor is the increased transportation costs associated with Option -

Als o the land recl amation app lication system is not a fixed system and
I s utilized over five to six times the area which is required by the

D-V-A-3

-

~

_ _- --- - -5 - -



~c n o J t r i 1  f t i l i z a t i o l l  tp p l i c at i o n  system . Even though  land payments
eq o- doet to  t he n - ~r - ot value of the rural land are included in

- -p ~ iee  1 (land payments  are not included in  Opt ion  2) the capital
~cc~n- ent end  C & ~~ n o :t s  are a r o a t e r  far the land reclamation o n t i on .

C O  ‘ I — * t ~I~)0.~ 01 A L TF- - . \ A I I V E S

A l te rnat ive  I Costs

The to ta l  present  worth cost for Alternat ive I is 3 . 4  bil l ion
dollars :r approximately  27 % of the cost of the phys ica l—chemica l
and advanced biological treatment plans and some 35% of the cost
of the land treatment plan.

The total treatment system cost for  t h i s  reference plan is some
20% of the t reatment  costs for the advanced wastewater  treatment
plant sys tems and approximately 37% of the land t reatment  f ac i l i ty
costs.  This reflects the decreased unit  capital  and 0 & M treat-
ment costs for the achievement of present  e f f l u e n t  s tandard s as
contrasted with the more costly AWl technologies uti l ized for the
achievement of the NDCP standard . Also , Alternative I is costed
for the without stormwater analys is  and thus treatment fac i l i ty  flows
are 10% less than the AWl sys tems .

The conveyance and stormwater management system costs
for this alternative are associated with the collection tunne l s  and
storage facilit ies of the Chicago Underf low Plan together with the
stormwater conveyance and storage facil i t ies of all other C-SELM
combined sewered areas.

The sludge management  costs for th is  al ternative are associated
with the agricultura l util ization of MSDGC sludge to Fulton County ,
Il l inois as is presently practiced . The remaining sludge is applied
to nearb y agricultura l lands adjacent  to the C-SELM service area .
The total  present worth sludge management costs for this  al ternative
is 33 % more expensive than a comparable managem ent system for
Alternative III .  This cost increase is pr im ar i ly  due to the sludge
t ranspor ta t ion  costs to Ful ton County  which exceed pipel ine  trans-
miss ion  costs to nearby ag r i cu l tu r a l l ands .

Al te rnat ive  II Costs

The to t a l  present  worth cost of t h i s  p h y s i c i l - c h e m i c a l  treat-
m r n t  plan is 1 2 . 4  b i l l ion  d o l l - I r s . The to ta l  t o -  4 n -e t  s y s t e m  coi~t
a c c - n u n t e  for some 60 of t he  t o t  i i  A l t er n  it  i ’ - ~ - II  co t s .  B ft the
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capital and 0 e~ M costs are some 3 .3  b il l io11 do l la r s .

The conveya nce system Cost for Al terna t ive  II is some 13%
more expensive than comparable costs for Alternative I .  This cost
reflects addit ional  regional w a s t e w - i t e r  caoveyance lines which
Incorporate 31 abandoned facilities into a 33 plant s y s t e m .  The
costs also reflect the integration of stormwater conveyance lines
from separate sewer suburban storage facilities into the regional
wa stewater conveyance system .

The stormwater management system costs increase from the
0.7  bIllion Alternative I cost to some 2.8  billion dollars . This
cost increase reflect s the without versus with stormwater analysis .
The additional 2. 1 billIon dollars is attributed to the rural storm-
water management system (60%) and the separate sewer suburban
storage facilities (40%) .

The physi cal—chemical sludge management system is approxi-
mately 1.3 billion dollars or some four times as expensive as Alter-
native I. Although the sludge transportation cost is less costly
for Alternative II the application system and land costs are much
greater than Alternative I . This cost increase is primarily due to
the small physical-chemical sludge application rate which requires
vast application areas.

The reuse system cost reflects a reuse reclaimed water con-
veyance system from the physical-chemical treatment facilities to
selected injection points located on C-SELM water courses. The
purpose of this reuse system is to maintain base flows In the
C-SELM streams for recreationa l and navigational purposes.

Alternative III Costs

The tota l present worth cost for Alternative III , the advanced
biological treatment plan is 12 .7 bIllion dollars or some 2% greater
that the physical-chemical treatment plan .

The total treatment system cost for this alternative is 8. 4
billion dolla rs which is some 20% more expensive than the physical-
chemical treatment fa cilities. Even though credit Is given to the
existing secondary C-SELM facilities which are incorporated into
thi s 17 plan t system , the capit al and replacement costs account
fo r these increased treatment faci l i ty costs. The 0 & M treatment
plant costs are less for this  a l ternat ive than for the physica l-chemical
system due to economies of scale c-f th is  17 pl~~nt scheme as corn --
pa red to the previous 33 plant al ternat ive .
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The conveyance system cost for t i t i s  17 pl ant  regional  sy e t i - m
is 1.0 billion dollars . rhis  is an increase of some 57 m i l l i i - r L
dollars  over Alternative II which reflect s the addi t iona l conveyance
cost for the t reatment  plant regional izat ion of a 33 pl ant  system to
a 17 p lant  layout .

The stormwater management  sys tem fac i l i t i es  and hence c-e~ t n
for th is  a l te rna t ive  are ~h en t i c a I  to the Al ternat ive  II sy s t em.

The t ot a l  sludge management  system cost for th is  a l t e rna t ive
is some 0 .3  bil l ion dollars or 20 % of the Alternat ive II s ludge cost .
The capi tal , 0 & M and replacement costs are decreased for th is
system since the advanced biological sludge appl icat ion rate is
much greater than that for the physical -chemical  sys tem.  Thus , the
land requirements  and costs are greatly decreased . The sludge
appl ica t ion  system for this  plan is a permanent ins ta l la t ion  which
is another factor  in the decreased cost of this system. This de-
crease in sludge costs essent ia l ly  effects  the increased t reatment
faci l i ty costs thereby creating a cost tradeoff between the advanced
biological and physical-chemical  treatment p lans .

The reuse system cost for th is  alternative is slightly less
than the cost for Alternative II .  The reason for this  is that  the
reuse in ject ion points were designed based on this 17 plant alter-
native and thus , the lengt h of the reuse conveyance system for
this al ternative is less tha n that for Alternative III .

Alternat ive IV Costs

The total present worth cost of the land treatment plan is
some 9.  7 billion dollars . This is equivalent to 77% of the cost
of the advanced biological t reatment  p lan .

The t reatment  system cost for this  al ternative is 3. 7 billion .
This cost is equivalent  to 51% of the phys ica l -chemical  t reatment
costs and 43% of the advanced biologica l t reatment  costs.  From
a capital , 0 & NI , replacement and total present worth cost a n a l y s i s ,
the land t rea tment  technology is the least cost AWT system designed
for the a t t a i nmen t  of the ND CP water quality goals .

The conveyance system for th is  a l te rna t ive  is 1 .9 b i l l ion
dol la rs  which is equivalent  to an 81% increase in conveyance costs
over the Al te rna t ive  III ;ys tem.  This  increase in cost is necessi ta ted
by the fact that  the la nd system u t i l i zes  large t racts  of rura l  land
located outside the study area . The d i f fe rence  in cost -s  between th e - ;e
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two Ot e -nat l ’- es  is some 0 . 9  b I l i lon dollars which reflects ~ha - ,

tiona l land t rea tm ent  c -avey ance  system .

There is a 20 increase in the cost of the stormwater
m a r i a g e n - .er~t system of th is  plan ove r that for Alternative s II & I I I .
This  increase is due to storage faci l it ies  located at the access poin S

cf the reg~cr1a i  conveyance system . These storage fac i l i t ies  are ut i l l ; ’e- i

~ - . modulate  peak diurnal  wastewater flow or infiltrated storrnwater
flows . These storage facilitie s were designed and costed into Alter-
nativ es II and III under the treatment system component.

The sludge system cost for the land treatment plan is 0.1 bil-
lion dollars or some 38% of the compa rable costs for Alternative III .
The maj or reason for this decrease in cost Is that the sludge appli-
cation ar eas are adjacent to the land treatment storage lagoons . Since
the s ludge solids are conveyed to the land site in the wastewater
conveyance system , there are minimal transportation costs associated
with the land treatment sludge system .

The tota l reuse system cost for the land treatment plan is
approximately 1. 2 billion dollars . The reuse system cost for Alternative
III is some 0. 1 billion dollars . This large Increase Iii the land system
cost is due to the fact tha t reclaimed water reuse tunnels and pump-
ing facilities are designed into Alternative IV to retain high quality
waters to the same water course Injection points as designed In Al-
ternative III .

Alternative V Costs

Alternative V is an advanced biological-land treatment cornblna-

tion plan. Thus , the costs for the various system components lie
between the advanced biological plan , Alternative III and the land treat-
ment plan , Alternative IV. Since 79% of the tota l flows are treated
utilizing the advanced biological treatment technology , the Alternative V
costs are more closely associated with Alternative IlL The total

present worth cost of this plan is 12. 2 billi on dollars which is some
96% of the cost of Alternative III and 125% of the cost of Alternative IV .

SUMMARY OF ALTERNAT IVE COSTS

Presented in Table D-V---A-1 are s immary cost data for the five
alternative wastewater management systems studied in thi s  report . This

table Includes present worth costs , average annual charges and 1990

annual costs for capital , 0 & M , replacement and tota l syste m c O s t S

on a straight dollar basis and a uni t  flow basis . T he costs are al so

D-V--A-7
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pres ented for the with and without stormwater analysis .  In all cases ,
the reference plan which is designed to meet current eff luent  standard s
is the least costly alternative . Of the remaining fo ur alternative s which
are designed to meet the NDCP water quality goals , Alternative IV ,
the land trea tm ent pla n , is the least costly followed by Alternatives V ,
II and III . These cost trends are the same regardless of the cost
analysis utilized and presented in Table D-V-A-l.
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V . COMPARISON OF REGIONAL WASTEWATER
MANAGEMENT ALTERNATIVES

B.  WATER RESOURCE

GENERA L

The purpose of this  section is to present the impact of each
of the regional wastewater  management  al ternatives on the ut i l izat ion
and movement of the water resource of the C-SELM area . To this
end two analyses have been performed .

The fi rst deals with the movement of the water resource under
the influence of each individual alternative . This has been accom-
pu shed through a water balance diagram. The concept behind its
use is presented in Appendix B , Section IV-G . The water balances
for each alternative are presented below .

Th e second form of analysis deals with the impact of the
flows for recreational—navi gational reuse and the overflows from
the specific alternative treatment sys tem.  This ana lys i s  is direct-
ly tied into the recreational-navigational  reuse s tudy and flow de-
termination presented in Appendix B , Section IV -G. A discussion
of this impact foll ows .

ALTE RNAT IVE MANA GE ME NT SYSTEM WATER BALANCE S

Water balances reflect the movement of the total water
resource under the influence of any specific al ternative . The
water resource in this analysis includes:

1. Municipa l and indus t r ia l  suppfles and supply
sources which include:

a) Lake Michigan

b) Groundwater

c) Rural  Stormwater

d) M & I Reuse

2 .  Municipal  and indus t r i a l  s u p p l y  sys tem losses.

3. Unt ren t o d  wastewater  f l o w s .

4 . Direct collection of ur l~ ~r and r u b u r t~ I I  i - rn ~w ~t ’ r

_ _  -5 - - -  - - - 5 - 5 - 5 - -



5 , Inf i l t ra t ion  of urban and suburban stormwater

6 . Reuse flows , including

a) recreational

b) municipa l and indus t r ia l

7 . Treatment system eff luent  discharge

8. Rural  stormwater flows

Each of these f lows has been ident i f ied on the water balances
and quant i f ied .

The water balances are conceptually the same for each
alte rnative as they each present three key elements: Two Present
Water-Use service areas defined as 1) Present Lake Michigan
Service Area and 2) Present Groundwater Service Area ; and 3) the
treatment f ac i l i t y .  A system of flow indicators trace the mov ement
of the flo w between these key elements.

There are two water balance diagrams for each alternative .
One reflects Option 1 of the potable reuse system , the other ,
Optio n 2 of the potable reuse system. Option i reflects the 3200
CFS restriction on I l l inois  Lake Michigan withdrawal while Option 2
reflect s no lik e restriction .

Figure D-V-B -l  presents the water balance for Alternatives II
and III , Opt ion 1, Figure D-V -B -2 presents the water  balance for
A l t e r n a t i v e s  II and III , Option 2 . Figure D-V-B-3 and D-V-B—4 present
the Water Ba lance  for A l te rna t ive  IV , options I and 2 , respect ively .
Figure D-V-B-5 and D-V-B-6 present the Water Balances  for Alterna-
t ive V , Options 1 and 2 , r e spec t ive ly .

The eight water resource items described above are presented
on the balance d iagrams.  Flows on the balance diagrams reflect
summer  and winter f low values , with the winter flows appearing
In p a r e n t h e s i s .  They a lso  include d issemenat ions  between Illi-
nois and Indiana . The flow values reflect average da i ly  f lows
with s tormwater ,  Summer f lows reflect a conceptual eight month
period , winter  f lows a four month period .

1) i rr r t  and in f i l t r a ted  s tormwater  collection do not reflect ,
however , the summer  winter  f low var ia t ion  s ince no means  of des-
( -r imin ia t i on  were ava i l ab le .  Rura l s tormwater  f lows reflect  th e
s u m m e r — w i n t er  va r ia t ion  s ince they  are regulated th rough  the  rur a l
s tormwat er  m a n a g e m e n t  sys tem which o p e r dt I - ~ On a s e a s o n a l  I) , I S i S .
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The summer-winter variation in water supply flows is dis-
cussed In detail In the section on potable reuse found In Appendix
B , Section IV-G.

Tables D-V-B-l through D-V-B-6 present the eight water
resource items for their comparably Identified water balances.

STREA M FLOW QUANTITIES

A stream flow analysis related to Alternatives IT-V is pre-
sented in Appendix D , Data Annex V-B . This stream flow analysis
presents projected stream flow conditions for Illinois and Indiana
waterways under the influence of the individual alternatives. These
flows are then compared to the minimum and maximum stream flow
conditions which are presented in Appendix B , Section IV-G .

D-V-B -9
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Table D-V--B-l

W A T E R  BALANCE TABLE

A!ternat ive s IF & [1 , Option 1

ILL INOIS  INDI AN A

Water  Resource Item Summer Win te r  Summer W i n t e r

1 . Supplies
a . Lake Michigan 1 , 591 1 , 59 1 373 378
b . Groundwater 14 3 34 ~ 5 5_ i
c. Rural  Stormwater 2 LI3  0 0 (3
d . M & I Reuse 13 3  13 3  3 3

2. M & I Supply System Losses 3~~2 3 7 2  24

3. Untreated Wasterwater Flows I ,~~00 1 , 703 439 4fl 9

4 .  Direct CollectIon , Urba n and 480 480 46 46
Suburban Stormwater Flows

5. Infiltrated Urban & Suburban 23 2 2 3 2  33
Storrnwater Flows

6. Reuse Flows
a. Recreational—Navigational 348 348 109 1i3 3
b.  M & I 1:3-3 I H  3 3

7 . Treatment System Eff l uent  Discharge 2 , 1)31 2 , ‘) 1 37’) 3

8. Rural Stormwater Flows 407 0 342  0

D-V-B- 10 
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( Table D-V-B-2

WATER BA LANCE TABLE

Af te r r i a t ive s II & III , Option 2

ILLINOIS INDL A.NA

Water Resource Item Summer Win te r  Summer ’ 7 [j nter

1. Supplies
a . Lake Michigan 1 , 863 1 , 863 373 373
b. Groundwater 20 ’) 2T3 53 55
c. Rural  Stormwater 3 0 ‘3
d . M & I R e u s e  0 0 0

2. M & I Supply System Losses 372 372 24 24

3. Untreated Wasterwater Flows 1 ,700 1 ,700 409 4 -39

4. Direct Collection , Urban and 48C 4-30 46 4~i
Suburban Stormwater Flows

5. Inf i l t ra ted  U rban & Suburban 2 ) 2  2 32  33 33
Stormwa ter Flows

6. Reuse Flows
a. Recreational—Navigational 349 34 -3 10’) 1’) ’)
b. M & I  0 0 0 o

7. Treatment System Effluent DisCharge 2,031 2,031 379 379

8. Rural Stormwater Flows 6 1 5 0 3 ‘12 (3

D -V -R - 11



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

Tab le  D-V-B-3

\‘~ /‘- T E R BALA~~( ’fT - r A R L E

A l t e r n a t i v e  IV , Opt ion 1

IL L IR U IS INDI AN A
~ un i m e r  W i n t o r  S u m r c r  “ ‘ - in t e rW a t e r  Resourr -e Ttem _____ ____

1 . Suppl ies
a .  I~LIke .~ichiguII 1 ,524 1 ,724 379 37g
b. GL o u I I d w a tor 14 - 0 34 3 55 55
c.  Rura l S tormwater  208 0 0 0
d .  M & I Reuse 200 0 0 0

2 . M & I Supply System Losses 372 372 24 24

3. Untre ated  Wasterwater  Flows 2 , 512 2 , 512 438 488

4 . Direct Collection , U rban and
Suburban Storm water Flows 4 -33 48 3 46 46

5. I n f i l t r a t ~~ Urban & Suburban
Stormwater Flows 232 232 33 33

e .  Reuse Flows
a. Recrea tional-Navigational 348 348 109 109
b. lvi & I 3 ,56 6 659 540 129

7. Trea tmen t  Sysiem E f f l u e n t  Discharge 3 , 013 3 1 1  431 2 1)

8. Rural  Stormwater  Flows 4 07 0 - 34 2  0

D -V -B - 12
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( Table D-V-B-4

~ TATER BALANCE TALBE

Alte rnative IV , Optio n 2

ILLINOI S I N V i A ~~-\

Water  Resource Item 
Summer Winter

1. Supplies
a .  Lake Michigan 1 , 863 1 , 863 378 378
b. Groundwater 209 209 55 55
C . Rural Stormwater 0 0 0 0
d .  M & I R e u s e  0 0 3 0

2 . M & I Supply System Losses 372 372 24 24

3. Untreated Wasterwater Flows 2 , 512 2 , 512 488 488

4 . Direct Collection , U rban and
Suburban Stormwater Flows 480 480 46 46

5. Infiltrated Urban & Suburban
Stormwater Flows 232 232 33 33

6 . Reuse Flows
a. Recreationa l-Navigational 343 348 109 1’)’)
b. M & I 3 , 566 559 540 129

7. Treatment System Effluent Discharge 3 ,218 311 43) 20

8 . Rural  Storrnwater Flows 615 0 342 0

D-V- B - 1 3  
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Table D-V--B-5

WATER B A L A N C E  TABLE

A l t e r n a t i v e  V , Option 1

I T , ]
- , - Sumrn~~JV. i n t ~- : ~u~~~- n c r  

- 
‘-~i W r

dt f l  r k f ’~ our ce r r , ~~ : 
_______ I

1 . S u r p li ~~
a . Lake ~~ich i g un  1 , 591 1 , 59 1 37 7  373
b . Groundwater  14( 3 ( 3  55
c . R u r a l  S tor rnwat er  2 0 ’)  0 0
d . M & I Reuse 133 133 0 0

2 . M & I Supply System Losses 372 372 24 24

3. Untreated Wasterwato r Flows 1 , 700 1 , 700 409 4 3 ’ )

4 .  Direct Col lect ion , Urban and
Suburban Storrowa ter Flows 480 4 ’ ) )  46 -

~~~~

5. Inf i l t ra ted U rban & Suburban
Stormwater Flows 2 3 2  ~ 32 33 33

6 . Reuse Flows
a. Recreational—Navigational 348 348 109 10(3
b. M & I 1 , 177 231  90 45

7 . Tr eatment System Eff luent  Dischrirge 2 , 340 1 , 4 14  3(3 4 3~~\

8. Rura l  Stormwater  Flows 40 7 ‘3 3~1 I )

fl-V-- F) - i-I
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Table D-V—B— 6

WATER BA LA N~’L TA 3LE

Alter nat ive IV , Option 2

ILLIN G IS IN DIAN A
Sum mer Wint~ Surm~ er ‘:- -~~‘r\(~_ater _ Resour ce_ Item 

_______ ______ ______ ______

1 . Supplies
a. Lake Michigan 1 ,A~ 3 1 ,853 378 378
b . Groundwa ter 209 20 9 55 55
C .  Rura l Stormwater 0 0 ‘3 0
a. NI & I Reuse 3 0 3 0

2. I~ & I Supply System Tosses 372 372 24 24

3. Unt rea t ed  W a s t e r w a t e r  Flows 1 ,700 1 ,700 4’)’) 111

1. Direct Collection , Urban and
Suburban Stormwater Flows 430 480 16 46

5. Infiltrated Urban & Suburban
Stormwater Flows 232 232 33 33

6. Reuse Flows
a . Recreatior :il—N aviqat ional 348 348 109 ioa
b. ~ & I 1 ,041 ii ’ ) 9-3 45

7. Tmatrnent Sys1ern Efflu ent Discharge 2 ,4”3 1 ,5.17 394 3.1°

8. Rural Stormwater Flows 615 0 ~- 12 I) 
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VI. COMPARISON: ALTERNATIVE IV - C-SELM MODEL STUDY

A . INTRODUCTION

This section out l ines  the design and cost di f fe rences  between
the l i s p er s e d  land t reatment  sys tem presented as Al te rna t ive  IV ,
above and the land t reatment  system presented in the Technical  Ap-
pendix to the Off ice  of the Chief of Engineers report enti t led ,
“Regiona l Wastewater  Management  Systems for the Chicago Metropoli-
tan  Area ’ , March , 1972 (OCE-Model  Study) . Design end cost
increases or decreases between the two a l ternat ives  emanate  from two
dis t inc t  sources: 1) technIca l r e f inement s , and 2)change s in objective .
The d i scuss ion  of the impact  of e i ther  the technical  re f inements  or
pol icy changes wi l l  be presented wi th in  a framework centering around
the  land treatment sys tem f i r s t  and then  separable , a n c i l l a r y  regiona l
managemen t  system componen t s .

The land treatment  sys tem in this  discussion is def ined or
l imited to , the ac tua l  t rea tment  funct ion starting with the delivery of
was te  flow s at the land site and t e rmina t ing  wi th  the del ivery of
renovated f lows to the reuse return conveyance tunne l .  The separable
items of the management  sys tems  include such anc i l l a ry  components
as conveyance systems , s tormwater  management  sys tems , reuse sys-
tems , etc .

A d i scuss ion  and compa rison of the two a l t e rna t ive  t rea tment
technology sys tems , adva nced biological  and phys ica l-chemica l ,
w i l l  a l so  be presented .

D-VI -A-  1
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k . ALlTI ~N:~ ~‘~LS COM~-~~R i SC’N

GENER A L

Land Treatment Systems

The m a j o r  d i s t i nc t i on  to be- r~-:~c1e ocO -i:e- ri t ee  two le -0 t r e a t —
~n ent  a l t e rna t ives  is th e i r  loca t ion  and s it i n o  c e r u a c l er i s t i c s  .
OCE model study land treate r-n t s” -t ern  w as C On c - n t r ~~~e .i  on a
single site in N J o r t h — \ V e s t e r i ~ Indiana , and \ u r t n — L a s t e i ~ fl l ir -n i s
south of the n- ~akee R ive r . This site envisioned a ry hic land
u t i l i za t i on  of a p p r o x i m a t e l y  95 percent .  The A l t e r n a t i v e  IV land
treatment system is dispersed between five sites in Illinois and
Ind iana . In additicn , to obtain minimum disruption of existing land—
use , care was taken to locate t r ea tm ent  f ac i l i t i e s  w i t h i n  the - - - r ~~
l a n d — u s e .  This decreased land u t i l i z at :on  ~r,: r 95 to a p n r x i o o t e i v
40—50 perc ent

This change in treatment sit-c - lo (-oti-a e and land u t i l i 7 a t i o n
philosophy was prorrpted by tile channes in obj e c t i v e  and has ohvi-- ~s r am i—
ficat ions on the technica l design . The discus sion presented below
w i l l  address  the cost and des ign  impac t  of t h i s  ch a e o - ~ in  objec t iv e  on
the ma ny components of the land treatn eot feciht ’i p roper .

A n c i l l a r y  Component  Systems

It is ev ident  tha t  the change  from a s i ng l e  s i te  to a numLe
of dispersed s i tes  d i rec t ly  impac t s  i t ems  such as the  conveyance
systems which cerry f lows to the land  sites and reuse  r e t u r n  con—
‘.‘eyance sys t ems  which  car ’v  f lows back to the s tudy  a r e - .

In addition , there have been other  c l-i -a nges in the a n c i l l a r y
component s - i u t e n s w h i c h  w i l l  he - r o u q h t  ma t later in tne wr i  t t n g .

Method of Presentation

The following discussion of de s ign  cha nce-s will be fi n a ll y’
p r r ’s en f” d  as  a chanq ’ in cost per m i l l i o n  m a l l i o n s  pet d a y ,  I -

$ MCI . The MGI ) referred t — in n i s  a n a l y s i s  is t h e  n or

daI ly wa stewat r flow , includi ng st-arrnwater . It should a so he
pointed out  that all costs in ‘ ne or iqirial OC’ I - — Model Study did not

- coet i000n c- ics  or EnQinma ’rlnq and -‘-en inis t a~ive fce~ .

ha \ - r ’  h r ~r eu -r ’ :- he --n rerno- .’ed or this cast com-p -irisoe . in a’i l ;t iat

r - 
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‘ - - i n t e  In C

sy stem coste sit ice  t h e  L i i i !  uvu t e ’  1( -r b th t a - - 0C[-- M ii ~~l - ;t u dy

~rtd Al tero-ati~ - V h av e  lch le\-e c ! no s ime economy of scale .
C -at diffore rice , viii  he re f lecied  in the costs of aricillari system-

coiap on c nte  0 in d i e  Lnal  , t o t - i  i l and  trc - t: a.t  sy stem c- s te

L - N 9  T R L A T M L N T  513 1 Li~- l

Each of the  two land t r ea tmen t  sys tems , the O C E-M o d e i S t u d y
and A i t e r n a t i v ~ IV , are subdivided into ten sys tem i tems for des iqn
and cost com par ison . These ten i t~-ru s are:

1. Ma in  Li ft Pumping  Stat ion
2.  and Clea r ing  and Site Prepara t ion
3 . I r r iga t ion  Systems
4. Drainage System
5. Aerated Lagoons
6 . Storage lagoons
7 . r e l o n i t o r i n g  Sys t e n .
H .  E lec t r ica l
9. Ru i l d i n g  and Grit hen ova I - 

-

(Grit  Remova l not inc luded  in OCE)
10 l a i d  and  R e l o c a t i o n

A t ab l e  of cost  cone~an i s o n  f a  these  ten items , for ea ch
la nd t r e a t m e n t  s c hem e  is p re sen ted  in  Tab l e  D — V I — F - -- 1

Main lift pu i ping s ta t ion .  The ma in  l i f t , p u r n i  in g  s ta t ion
cos ts  for T \lt ern it ive IV decreased from the  costs presented foi t h e
OCII- Mo -let Study. An economic analysis was carried out which
r e l at e d  p u m p i n g  -t -a t i on  c a p i t a l  and opera t ion  and m a i n ~~-n-anc e  costs
assoc ia ted  w r t h  t h e  lift from the conveyance tunnel to tunnel
c on s t ~co t ion  cos ts  w i t h  c l i f e - r -  nt  s l o p - s  , w h i c h  p r o d i u e d  - d i t l e r e n t  —

l i t ’  v a l u e . I n  f i t - o C R — M id St td v , m i n i m u m  d iame te r  t u n n e l s
w l t h  ‘ h i a h ’ r ‘ s i - m e  v a l es were used to c o n v e y  f l o w s .  S u b s e —
c; i c ’n I I y  the  l i t t  at  t he  ar i d . a i t u ’  was  l o t t e  b r i e  e i t h  a ~~~i i l t i n c ~

l I I h  - uioi ~- il p i l n o i n a  n e s t  it i  i h i q u  per i t t - ) !  a n t i  f l O i I i t t f l - t ’d t

cos’ , p - i r t i c ’ .i t n y v— . - a  o - - - t  - - )  MOWe - ~ n p t l O T  - - A :  om i t  -‘ u -

it  
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Table D-VI-B- 1

SUMMARY COST COMPARISON

LAND TREATMENT OCE-MODEL STUDY ALTERNATIVE IV
SYSTEM COSTS COSTS

Cost Item $/MGD $/MGD

1. Main Lift Pumping
Station 35 , C~~3 28 , 830

2 . Land Clearing and
Site Prepa ration 13 , 768 3 , 396

3 . Irrigation System 65 , 172 202 , 286

4. Drainage System 83 , 724 154 ,500

5. Aerated Lagoons 27 , 838 40 , 378

6. Storage Lagoons 52 , 929 75, 472

7 . Monitoring Systems 1 , 611 1, 887

8 . Electrica l 10 , 686 23 , 396

9 . Buildings & Grit
Remova la 1 332 a 18 , 490 a

10 . Land & Relocation 119 .904 4 8 .6 4 5

Tota l 412 , 577 597 , 280

a Grit remova l fac i l i t ies  not included in OCE-Model S tudy .

D-Vl-R- 3
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t i e  d i amete r  of the  t u n n e l  was incre ased - t e d  t he  s lope was  reduced
com pa red to the Model S :cdy ,  r e s u l t i n g  in decreased  nunc p station
costs and opera t ion  and ma in t enance  costs  associated w i t h  the lesser
l i f t . The cost oi the t u n n e l s  was  greater  for A l t t r:~ t t i v e  i !  t h a n  t }i c
C — S E L M  m ode l  s t u d y .  Th i s  is discussi-rI in the section on anc il lary
r n a n o q c m e n t  s-es t ee  corn p ’ancnts . This was a t e c h n i c a l  re: i c!: en t .
The cost per MCD in Table D-VI-B-1 reflect this p u m p  s t a t i o n  cost
r e d u c t i o n.  The tota l s av in o s  are a p p r o x i m a t e l y  $6800  p-n~ MGD .

There was  -also ci t e c h n i c al  r e f i n em e n t  in nun - p st at i cc i  u n i t  e m - s t s
which increased the cost of an  i n s t a l l e d  horsepower , b at  t h i s  r ef ine-
ment  did not overcome the savings associated wi th  the decreased
l i f t  of the s ta t ion .

Land c lear ing and si te prepara t ion .  Land c lear ing  and s i te
prepa ra t ion  costs decreased approximate ly  75~’- due to the new land
site select ion criteria described above . The in s t a l l a t i o n  of physica l
fac i l i t ies  does not r equire extensive tree or b ru sh  removal  since
items such as the spra y i r r igat ion rigs are placed p r i m a r i l y  on exist-
ing cul t ivated land . The only majo r  site c learing  is projected for
the lagoon a rea s , which  encompass on l y  about  25 percent of the net
i r r igat ion area . Reference is made to Table D -V I— B - 1 , item 2 .
The net cost differential is almost $10 ,000 per MGD . Th is cos t
change is directly associated with a cha nge in objec t ive  o~ l a n d  u t i l i e - a t i o n .

Irr igation system . Reference is made to item 3 , Table  D-V 1-
B — i .  The i r r igat ion system for A l t e rna t ive  IV is over three l i t r e s  as
expens ive  as the system proposed in the OCE-Model  S tudy .  There
are severa l reasons for this  large increase , and each can he d i r e c t l y
a ss ocia t ed w i th the chan ge in objective to a dispersed , low nerc -nt agc
I nd u t i l i z a t i o n  sys tem.  A breakdown of Irr igation sys tem con:poncnts
and the i r  costs appears be low:

Sub- i t em OCE-Model S tudy A l t e r n a t i v e  IV
Costs C os ts
$-MGD

A . I r r i ga t i on  P u m p i n g  Stat ion 8 , 812 1 , ( 11-1

B. Irrigation \hichines 22 ,070 29 , 6 1 1
0 .  I r r iga t ion  Pressure  Pipe  22 , 918 123 , 30 t
D.  I r r iga t ion  C han n e l s  1 1 , 372 t~)

E . I r r i g a t i o n  T u n n e l  D i s t r i b u t i o n  0 
~~-L4 17 

~

r- t - i l (IS , 172 202 , 2 ’-d

D — VI  - B — 4



The main cost increase effect  came through higher  pr e s s u r e
pi pe cos ts (Sub—item- C , above) assoc ia ted with the center-pivot
irr igation rigs which are now spread out over two to three t imes the
previous area . The increased head associated with the greater  con-
veyance distances also necessitated larger irr igation pumping stations
and subsequent increased costs as seen in sub-item A , above . These
two sub-items account for almost  80 percent of the irrigation system
cost increa ses of $ 137 , i 14/ MGD .

Another cost incre ase can be seen in the center-pivot systems
themselve s (sub-item B , above) . The change  in object ive to di spersed
land required the use of some land areas with distinctly different
soil characteristics tha n found at the OCE Model Study site . The
soils in the new areas display less infiltration or Intake capacity .
In order to prevent surface runoff of spray irrigated flows , the appli-
cation rate of irrigated flows had to be reduced to below the intake
rate . To accomplish this , a modified center-pivot system was uti l ized
whic h provides a mu ch lowe r instantaneous application rate . This
caused a 30 percent increase in the center-pivot system costs from
$22 , 070/ MGD to $29 , 811/MGD .

Another cost change in the irrigation system was affected by
a change in the main wastewater distribution sys tem.  The OCE-Model
Study ut i l ized less expensive surface canals to convey the irrigation
water from storage , while Alt ernative IV incorporate s a tunneled dis-
tribution system. The reason for this chang e is the wide dispersion
of the i rrigation areas which does not lend itself to an ope n canal
system . This created about a $20 , 000/ MGD increase as shown in
sub-items D and E , above .

Finally , the irrigation sy stem has more operationa l f lex ib i l i t y .
On the average it would operate at 75 percent capacity during the
irr igat ion season for Alternative IV as opposed to the OCE-M odel  Study
which was designed to operate at 84 percent.

Drainage system. The drainage system increase in costs
associated with Alter native IV when compared is direct ly tied to the
increase in land area . Item 4 of Table D-VI -B- 1 shows that  the
drainage system costs have nearly doubled . The cost of the main
drain p ip ing  system was decreased in A l t e r r t t i v e  IV by the i xten-
sive u t i l i z a t i o n  of natura l d ra inage  channe l s  where possible  ( s u P -
item C, above).

- l t — V l — h — S
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( ) (  - [— \-lodel Study A 1terr : .~t ivc  IV
Costs C - s t s

Sa L- I tem S - ‘MC fl $ M OD

A. Pumping St r u o n & F e r  c V t i n s  889 l~~, 100
B.  P la s t i c  D r a i r ~- u c ~c P in e  6 , 265 22 , 000
C.  ~ -n .ver f l - ra in  P t -e 65 , 198 ni 9  , 0 ) 0
D. D r i n ~~ne Ch nr. ei l l ,31 12 ,000
E.  Dra~ n - -ioe -1 nun 1 

- 
0 45 , 500

T - et a l  83 ,721 154 ,500

The Alternati ’~e IV L - s 1 q r j  i n -  r p n r ~~tes  - t m - i s  which are not
as w e l l  s u i t e d  t p o g r a p h i c a i l y  t - - r - s r - c ity arainage as the OCE—Model
Study site . Because of t h i s , d r a i n a g e  pump  s tat ion  and force main
system increased fu r  A l t e rna t i ve  IV some $ 16 , 000/MGD. This change
is directly related to the -hanqe in obj--cti ve , and is shown in sub—
i t em A , above.

The cost of the p l a s t i c  dra in  t i l e  system is over three times
as expensive for Al te rna t ive  IV ( sub- i tem B , above) . A number  of
factors  are involved . Firs t , the  uni t  cost of the ins ta l led pipe was
ref ined , based on recent contract awards .  The spacing of the p las t ic
drain pipe laterals  was 500 -ct , on centers , for the OCE-Model
S tudy .  The depth of the p las t ic  pipe was on the average 8 feet .
This spacing and depth were changed for  Alternative IV .

The weekly i r r igat ion was increased from an average of 3
inches per week in the OCE-Model Study to over 4 .5 inches per week
in Al te rna t ive  [V . In fact there are a number  of consecutive weeks
in the growing season when the weekly appl icat ion reaches the design
capaci ty  of 6 inches per week.  This dictated an increase in the
capac i ty  of the drainage system in order to main ta in  the aerobic  zone
in the soi l .  In addition to the in creased appl icat ion , the dra inage
system was required to remove the in f i l t r a ted  runoff  from a 100 year ra in
fa l l , w i th  the upper f ive f i - e t  of the soil s t ay ing  in a sa tu ra ted  con-
d i t i n h r  no more than  48 hours . The reuse sys t em , d i scussed
la t er  also i t n p a -ts  on the t i l e  depth p lacement . In the land sys tem ,
reuse f lows m u s t  be provided from storage for  the win te r  m i : t h s ,
since the land  sys tem does not a p p l y  f lows dur ing that  period . In
the OCE—Mode l  Ot u d y ,  reuse f l o w s  - -yore st — red in Lake Michigan .

F lowe-e r r , t n  A I t  rn i t  ive IV , La ~:e Michig an ator ge was  not  a v a i l  —

abl e. (This n o n — -av tul - ih il ity is discussed in .—‘i p p e r i d i x B , 0 - - ‘  -

P1—6.) Thu- - n - I  -me :t r t i~~~
- was r -me t t ed  in the soil t’ lie d n i ’ e

by i r en e  i s l e - ;  t h u -  W i t h  - I the  p l a s t i c  - l r - a i n . t q  p i t - i n s , a i d  - t  n : -
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1~~ ~ ) (

L - -



--5 - - -~~~~~~~~~~~~~~~~~~~~~~~~ -_ _
—--~~~~~~~~~~~~~ --5-----5-5 ~~~~~--- - - - 

-- “-5-- ~~~—--

the water in this  zone. These rcond itlons , Increased appl itec t i  t f l ,

100 year storm runoff requirement , and reuse storage brought about
the reduction of the spacing between the tiles and Increased the
depth of the plastic drain pipe installation . Each of these changes
were changes in objective .

The spacin g between plastic drainage pipes In the arec~s
which are common to the two land treatment systems ( i . e . ,  Indiana-
Illinois , Kankakee River area) was reduced from 500 to 400 feet . In
the new areas , with less permeable soils , the spacing was reduced
to only 100 feet . To provide the necessary storage discussed above ,
the depth of the plas tic drain pipe system was Increased from 8 to
13 feet .

The final cost increase change is associated with the main
drainage system which incorporates drainage tunnels which convey
the total collected flow f rom a number of land treatment modules to a
central drainage access point for transmission and reuse In the C—SELM
area . The OCE-Model Study utilized surface channels , which were
more economical , but because of the low land utilization objective this
was not a viable consideration for Alternative IV. The overall increase
is approximately $45 , 000/MGD as shown in Item E , above .

Aerated Lagoons. Aerated lagoon costs for Alternative IV
increased over those used in the OCE-Model Study . These Increases
are reflected below:

OCE-Model Study Alternative IV
Costs Costs

Sub-Item $/MGD $/MGD

A. Earthwork 5 , 878 7 , 170
B. Slope & Roadway 1, 769 4 , 906
C. Aerators —Mixers 13 , 926 18 , 868
D. Inlet—Outlet Structures 6,265 9~ 434

Total 27 , 838 40 , 378

The new design , associated with the di spersed land treatment sites ,
ut i l izes  small er aerated cells of 55 acres of average water surface
area , whe reas the OCE-Model Study used 700 acre cells.  This was
a technical  refinement directly associatec to the change in ob jec t ive  decis ion
of d i s t r n s e d  land t r e a t m e n t . The increased costs for ac tua l  l auu on
construction are reflected in sub-i tem A , B , and D , above.

D —V I —B —7
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The cost of the aerators and mixers has a lso  increased . A
more ex pensive but more e f f i c ien t  and m a i n t e n a n c e  free low speed
aerator  was used for Al ternat ive  IV (sub-i tem C , above) .

Storage lagoons. The cost of the storage lagoons for Alter-
na t ive  IV a lso increased over those  of the OCE-Model  S t u d y .  The
- - - - s t  b r o a~~d: wn fur  th i s  item is as fol lows:

OCE-Model  Study Al t e rn at i - ’e  IV
Costs Costs

$ /MGD $ /MGD

A . Earthwork 31 , 471 31 , 321
B.  Slope ~ Roa dwa y 6 , 364 13 , 962
C. St ructure s & Chlorination 15 ,094 ~~l89

Total 52 ,929 75 ,472

The new storage lagoon cells were sized at 1200 acre s each for
Alternative IV compared with 5700 acres for the OCE-Model Study.
The depth of sto rage was decreased from 25 feet to 20 feet since
the storage re quirement was reduced from five to four months .  The
earth work requirements cancelled one another  between these two
changes (sub-i tem A , above) . However , the slope and roadwa y costs
increased 100 percent due to the smal le r  modular  design of the lagoons .
This cost change was a technica l ref inement  ( in lagoon size) brought
on by the change in objective to dispersed land t rea tment .

The cost of the flow structures , chlorination faci l i t ies , and
drainage canals  also increased greatly (100 percent) over the OCE-
Model Study design , $15 ,094/MGD to $30 ,189/MGD . This was
not only due to the smaller modular design but a lso  the increased
ca pacity and uni t  cost requ irements for the chlorination fac i l i t ies .

Monitori ng sy stems. The monitoring system unit  costs increased
very s l ight ly,  reflecting the need for additiona l monitoring wel ls .
This cost increase was brought about by the change in obj e ct i ve  to a
more dispersed land treatment sys tem.  Table D-VI-B-l  shows a
cha nge from $l , 611/ MGD to $ 1 , 887/MGD.

Electrical.  The cost of the electrica l sys tem m i - r e t  soi l  von
100 percent from the OCE-Model  Study design . T h i s  cost m er e - i s o
reflect s a refined cost estimatio n and the addi t ’on  ot  r u - l i r e
t ransmiss ion costs associated with the more disp er ~a- d land s y :t -tn .
The te ~st increase associated with e lec t r ica l  is ap p r x i r n i t ly
$13 , ou ) —1 ( D.

D-V I -B -8
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Bui ld ings  aiid gr i t  r ern - val .  Th is b u i l d i n g s  cost for Al te rna t ive
IV is some 14 t imes  as hiqb ts the  ~ L-M ode l  S tudy ($1 , 332/MGD
to $18 , 490/MGD) . This  is due t -  the  inc lusion  of grit removal
facilities prior to the aeration lagoons for Al ternat ive  IV . The OCE-
Model Study did not  have grit  ren :u\-ci l f a c i l i t ie s .

Land and relocation. A l t e rna t ive  IV land and relocation costs
decreased by approximate ly  60 percent from OCE-Model S tudy .  The
main reason for this  decline in costs is that  the only lands  being
purchased in Alternative IV are for the lagoon f ac i l i t i e s .  For the
OCE-Model S tudy ,  all  land s within the t rea tment  site were purchased .

This cost reduction would be even greater except the unit
land ari d relocation costs for the more dispersed sys tem are some
75 percent greater than those used for the OCE-Model Study.  This
unit cost increase is due mainly to the use of the higher cost farm
lands in McHenry , Kendall , and Karikakee Counties .  In addition ,
the Alternative IV design calls for an initial lump sum payment
equal to ten percent of the market value of the land to the farmer ,
plus the construction of a deep potable well .

Operation and maintenance costs. The operation and main-
tenance costs for the land treatment sys tem are approx imate ly  the
same as the OCE Study as shown below:

O & M C o s t s

$ /MGD

OCE-Model Study Al te rna t ive  IV

Labor 15. 35 27 .00

Chemicals
& Supplies 9.20 5 .50

Energ y 5 8 . 4 5  40 .50

Total $83/MG $ 8 2 - M G

The increased labor costs is the  resu l t  of d i scuss ion s wi th
irr igat ion m a n u f ac t u r e r s  wit h subsequent  increases  in manpower
requi rements .  A l s o  the smal ler  lagoon modules required qr e it er
uni t  labor costs .  The chemical  and s u p p l y  uni t  cost decreases  due
main ly  to the t u - - u - l u c t i o n  of the chlor ine  dosage from 8 rng 1 to 4 req 1 .
The reduct ion in energy Costs iS m a i n l y  due to the deer e u - se  in
o t - u t i c  head it  the  ma in  wa s tew t i- n i i i  s tat ion . The new de s ign

JO-VT-B - 1
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co.~u lt~ in ~ -ot vin-~s of s om e ) 1 ~ MG. This however r .  -~dlset b~’i n o r e i : e d  i r m u 0 i t i o n  cin0 drainage  power requ i rements  ($7 MG)
\ l s o as~~- i c i i t ’j w i t h  t b -  n ew des igns  are a n n u a l  land pay—

rnents  t - the local o-u -mrne rs and rura l governmental units . A cost of
$ 1 :-:c iS assessed ~o :he sys tem in n r d u - - r  t - -- make  u p for the
a e v u a l  t ax  loss due to the  -~r - -h ase  of lagoon f a c i l I t i e s  - An annual
0Oi~ - t f l e t t  eq u a t  to 4~ of the market  va lue  of the land is paid to the
n I r t i ci m u - -i t i e g  :arrn c- r since his  land will  be unavai lable  for  other uses
dur ing  the  50 v i r  l i fe  of the s y s t e m .  This  p ayment  is equiva len t
to $21 MG of t moa t ~ d wa stewater.

I r i u s  the total  0 & M (- -) st of the new land t rea tm ent  design =

( $82 + l+21 )  or $104/MG versus the $83/MG OCE unit  cost .

Replacement costs. The replacement cost for the new design
is approx imate ly  $87 , 000/M GD versus  the $2 0 , 000/MGD cost f igure
for the OCE Study.  This is due to the increased capita l ‘-osts  of the
va rious land t rea tment  components  together with revised es t imates
of the replacement schedule . Discuss ions  with various m a n u f a c t u r e r s
indica te  tha t  pumps and irr igat ion machines  wil l  require replacement
eve r - - 10 and 15 years , respec t ive ly , ra ther  than  the i n i t i a l  des ign
l i fe  e s t i r r : a t e  of 25 years .

S u n i n i a r y  of land sys tem costs. Total land t rea tm ent  costs
coc~p an i sons  -:ire as follows:

OCE-Model  St uç ~y Al te rna t ive  lv

Costs  Costs

G a r i ta l  $ 1 1 2 ,577 MCD $597 , 000/MGD

Replacement  $ 20 , 000/MGD $ 87 , 000/MGD
0 \ M $ e~ MG $ 104/MG

‘u - V i T I L L A R Y  -~ O~- T l O N E N E 0

Genera l

The a n c i l l a r y  componen t s  u n d er  c o n s i d e r a t i o n  for the purposes
o~ t h u - s  -rn - i  lys i s  are l i s t ed  L e O  -w :

1. Ihinveyance System

2. Stormwater Management Oystem

3. Sb l i e  ‘- n o q r - r r - n t  S y s t € - n ~
1 . ~O ! 1 S O  -v
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~
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Capital 
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The capita l costs (w/o cont ingencies  and E & A) for each Of
the anc i l l a ry  system components are listed In Table D-VI-B-2 for the
without  stormwater condition . Pri or to the ana lys i s  of anci l la ry sys-
tem components , one principal difference between the two land treat-
ment systems should be brought out .  In the OCE-Model Stuoy a n a l y s i s ,
the without  stormwa ter cost ana lys i s  r eflected a system design which
t rea ted  no storm water other than infi l trated flows and those contr ibuted
by combined areas up to the hydraul ic  capacity of the combined system .
The a l te rna t ive  IV without stormwater condition includes the m a n a g e m e n t
of stormwa te r f lows through the implementat ion of the Chicago Under-
flow Plan and a management system for the remaining combined sewere d
area .

Conveya nce system. The Alternative IV conveyance costs are
more than double the com panion costs associated with the OCE-Model
Study.  The conveyance system costs for Alternative IV , however ,
include all of the conveyance associated with the Chicago Underf iow
Plan .  This cost has bee n proje cted as approximately $823 . 1 million .
W i t h  this item removed , the conveyance cost for Alterna tive IV is
approximately $755 . 7 milli on. This figure can be further reduced , too ,
by the reduction of the conveyance associated with the remaining com-
bined areas . This  reduction wi l l  make the two conveyance systems corn-
parabl e between Alternative IV and the OCE-Model Study.  The reduction
is equa l to $17 . 1 mil l io n , which yi elds a conveyance cost of $738 .6
mil l ion .

The rema ining cost for each of the two conveyance systems can
be sub -divided Into two parts as follows:

OCE-Model Study Al te rna t ive  IV

Costs Costs
$ Mil l ion  $ M i l l i o n

Conveyance to access points 69. 1 9 5 . 6

Conveyance to land s i tes  558 .6  643 . 0

The conveyance to access points re f lec t s  a cost increase  due to the
fact  tha t  in the OCE-Model  Study the m a i o r i t y  of th i s  portion was
grav i ty  sewers whtie  in Al ternat ive  IV the lines were regulated force
mains . This was a technical re f inement , and a m o un ts to  only about
23 percent  of the tota l cost increase . The m aj o r  d i f f e r e n c e  can he
3een in the increased cost for conveyance to land . Thi s  $84 .4 m i l l i o n
in c r e a s e  is d i rec t l y d ue to the c h a n u - n -  n o b j u - - e t i v e  shi ft o the d 5 1 - - i  Sod

i i i - t e  so - ; t -  - f l I  w h i c h on t o  i l i d  f i ve  c o n v e v a n u -~~ t u n n e l s  to  as n a n v  s u- -~~ W O O

s ub e e qu p n  loss of - conomi es  f scale .
ri V r B 1 l
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Table D-VI-B-2

ANCILL ARY COMPON ENTS COST COMPARISON

OCE-Model  Study Al te rna t ive  IV
Costs Costs

$ M i ll ion $ Mil l ion

Conveyance System 627 .7  1578.8

Storm water Management  System 0 763 .

Sludge Manageme nt System 23 .3  82 .4

Reuse System 2 7 9 . 0  799 3
a

Total 930 .0  3223 .6

includes recreat ional-navigat ional  reuse only .
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Storrnwater management  systems.  The stormwater  manageT~ent
component  for the OCE-Model  Study is equal to zero . In A l t e r n a t i v e
IV , the cost of $ 7 6 3 .  1 mi l l ion  is associated wi th  the storage prov id -~d
th rough  the Chicago Underf iow Plan  ( $400 . 1 mi l l i on ) , the storage for
other combined areas ($314 .8 mil l ion) , and conveyance re gu la t ion  smc- m -

age at access poi nts ($48. 2 m i l l i o n ) . The inclusion of these costs
recog nized the progress being made on the implementa t ion  of such
pr ograms by local agencies , and was a policy decision .

Sludge management systems.  The sludge costs shown for Al te r —
native IV have increased . A breakdown of system costs i~ as follows:

Alternative IV OCE-Model Study
$ Million 

$ Million
Land Payments :  4 2 0 a 0. 0
Dredging: 1. 6 1. 6
Transportation: 8 . 6 6.  5
Application:  30 . 0 15. 2

The costs for land for the OCE-Model Study were included in the total
land system costs and were not broken out separately.  Therefore the
tru e comparison of sludge management sy stems should be made on the
Alte rnative IV cost , less land , or $40 .2  million to $23 . 3 million . The
major portion of this increase is seen in increased application costs.
This cost increase reflects the change in objective with respect to the
existing land-use and therefore produces a wider dispersion of avail-
able land for sludge application and produces a subsequent loss in
economies of scale resulting in the increased application costs .

Reuse systems.  The reuse system for the OCE-Model Study con-
sisted of a pumping station and single conveyance tunnel  which returned
all flows to the Grand Calumet River divide.  This cost was  approx inia te ly
$ 279 .0 million . The reuse system associated with Alternative IV pro-
vides not only five retu rn conveyance tunnels from the disper sed land
si tes,  but also a complex pressure pipe system used to dis t r ibute  over
500 MCD of flow s to some 45 recreational injection point s to provide
esthetic recreation ilow s in C-SELM area s t reams.  In addition closed
cycle lockage costs are included . The direct in jec t ion of th u -  re 2 n u - - - i t l r - n a l-
n a v i u - r a t i o n a l  flows accounts for some $ 4 0 . 0  mil l ion . The r e m a i n i n g
$759 .3 mill ion reflects the cost of returning the flow s from the dispersed
land site for the recreat ional-navicat ional  reuse . This f laur o  is still q u i t o
large when compared t o  the cost of f low return sys t em f r  t h e  OCC- \Jo-lcl St u J y .

The return tunnel  was sized to convey the peak f l o w  f rom th e
land sys tem of some 9 in c h e s ,  as compared w ith  o . 75 for t I -  OCE-
Model Study. In addition , the m i - t u r n  tunnel l u - i  t hc  OCU - M i u - d e l  01
-v tu some 26 m iles in to ta l  length . The r~ t u r n  t u n n e l s  for Al t ~ n i i i t  iv ~--

a - - u-n the lu - - ; -~r m a n o e r e r e  s v - - t c m  , land s n o t  r i i o - h t s e n  b-a  l e - i s e l
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IV , associa te 1 with the  o m m o l e x  r o -Eo r n  needs to area s t r eams  where  they
cou0u Ce - l i Sc u  - - i ann - u t i l e - i  Lo Sep 10 ~02 miles , or o’. -

~~~ ten t i i T I P 5
as m u c h .  A l s o , ther e --“ore over 600 000 feet of Pressure pipe in the
reuse —: onveyan co -~- , - -5 ;tem . The ccist for th i s  tunn e l - t o r c e  i ra in  system
amounted  to some $‘H G -- i l l t o o  r t t I  $ 7 5 9 . 3 , with the remain ing
$153 . 3 m i l l i o n  aasc-ci~ tcJ with pum p s t a t ion  costs . The pump—sta t i on
costs ~ssociated wlo u the PlC —5~ ‘Hal - S tudy  v e i n  some $2 2  mi l l ion .

it  can he seen t h u t  the cot o con -~-o ’- - rnce  cc ~ts ~1most trioled
fo r  the t u n n e l — p I p e l I n e  sy S t L u , a n - I  morn  than o u i n t r ~p l ? d  i~~~ the
pump—sta t i on  Cos ts . Those increased costs are tied d i rec t ly  to the-
po l~ o v doe- is  i - : i i  -a s soc ia t ed  with the dispersed land sys tem concept and
the rn - t ien at  the e:-~t r n s iv e  reese progra m envisioned for the returned ,
recla imed was tewater  f l o w s .

D- -V I - R  - 1-1
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CAPITAL COST COMPARISON

Table D-VI-B-3 presents the total management system costs
for both alternatives on a without stormwater basis. The $1 , 070
million figure reflects the land treatment system cost associated with
reduced flows. This results in a slightly higher dollar cost to treat
one MGD as compared with the unit costs shown in the treatment
system costs including stormwater. The treatment system costs for
Alternative IV reflect the unit cost figure s for the with stormwater
analysis multiplied by the without stormwater flows . This is a valid
analysis since there are compensating factors in the unit cost , with
some driving-up of the unit cost because of increased storage for
the in creased flows , etc., and others which tend to drive the unit
cost down , such as decreased land requirement s , irrigation rigs ,
etc . These two factors bas.lcally cancel one another .

It can be seen th at the capital costs associated with the
conveyance system have increased . This is discussed in the sec-
tion immediately above . The costs for stormwater management are
zero for both management systems. The sludge management system
in Alternative IV reflects the increased costs discussed in the above
section describing this system .

The reuse system costs are shown as $300 million for
Alternative IV. This figure reflects a least cost estimate to return
the reclaimed flows to the nearest river within the C—SELM area .

The total system cost for the OCE-Model Study of $2 ,000
million reflects the cost for without stormwater presented in the
Model Study report . The sum of the without stormwater management
system for Alternative IV is $2 , 556.4 million . When these figures
are normalized to r~f1ect the two different flow bases which they
treat the figures are $0.842 million/MGD and $l .032/MGD for the
OCt-Model Study and Alternative lv , respectively , reflecting a 22 .6
percent increase in cost . The major Increase is associated with the
treatme nt function , including the actual treatment facility , the convey-
ance to the treatment facility and the management of the treatment
system sludges. This increase can be examined to determine the
amount due to technical change s as contrasted with changes in objectives.

Before this is done , however , it l~ proper to remove the re-
use system from the analysis. In conventional treatment , the effluent
flow from this treatment facility is allowed to discharge directly to

D-VI-B- 15



Table D— VI-B-3

MA NAGEMENT SYSTEM COSTS

OCE—Model Study Al te rnative IV
Costs Costs

System Comp onent $ Million $ Million

Treatment System 1, 07 0 .0  1 , 477 . 6

Conveyance System 627.7 738.6

Stormwater Management System 0 0

Sludge Management System 23.3 40.2

Reuse System 279.0 300.0

Total 2,000.0 2,556.4

Flow Basis 2376 MGD 2474 MGD

Unit Cost ~ MIL /MGD) 0.842 1.032

D-VI--B -16
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the usua l ly  adjacent stream. This is also an avai lable  option for
the land treatment system . There are a number of available streams
and rivers adjacent to or running througn the land sites , capable of
easily removing the effluent flows .

A carefu l aiialysis of the three remaining cost figures ,
a fter the deletion of reuse on Table D-VP-B-3 shows that the treat-
ment facility costs are a pproximately 62 to ~6 percent o f the tota l
costs , conveya nce is 33—37 percent and sludge management 1.5 to
2 percent. The treatment facility proper is therefore the most
important feature on the cost comparison , with the conveyance sys-
tem second . The two sy stems compose over 98 percent of the tota l
system cost for both the OCE-Model Study and Alternative IV. In
addition , the percentage cost increase attributable to these two sys-
tems makes up about 96 .6 percent of the tota l $535.4 million in—
crease for the entire system , less reuse (treatment 78 .3  percent ,
conveyance 18.3 percent) .

The Important point to be brought out here Is the impact
of the changes in objective on this increase. The treatment
facility increase was affected tremendously by the changes in objective ,
to dispersed land sites. A n analysis of the unit cost data on
the treatment system presented above indicate that an estimated
95 percent of the increase in the unit cost va l ues can be tied to
the dispersed land treatment concept , and the low utilization of the
land areas through selective location of treatment facilities.

The increase in the conveyance system costs can also be
tied to the policy change for dispersed land treatment sites. This
has been brought out in the conveyance system section above . It
Is estimated that 90 percent of the cost Increase in conveyance is
directly attributable to the change in objective .

Therefore , th e overall effect of the two changes in ubje ctive
on the increase In costs is quite sizeable. It is possible to say
that approximately 91 percent (78. 3% x 95% + 18.3% x 90%) of the
entire management system cost increase (less reuse) of Alternative
IV over the OCE—Model Study is caused by the changes in objective .

•1
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TREATMENT PLANT SYSTEMS

General

For the treatment plant system costs of the OCE—Model Study,
the cost changes reflected in Alternatives It and rn relate to the treat-
m ent systems themselves , the storage facili t ies and the sludge manage-
ment systems.  The following discussion utilizes the with storm V~ter
treatment ana lys i s .  The cost trends remain the same ,however , for a
witho ut s tormwater ana lys i s .

Advanced Biological Treatment

The capital cost for the advanced bIological treatment facili-
ties were equal to some 1.4 million dollars per MGD of average
daily flow treated for the OCE study . For a comparable cost basis ,
the unit capital cost for advanced biological treatment in Appendix
D is 96.8% of OCE cost. Technical refinement s were made in the
Appendix D costs which increased the costs of certain components ,
namely the nitrif lcation-denitrification system . These costs In-
creased were negated through the use of storage facilities at treat-
ment plants which modulated peak flows . Thus , the treatment
plant capacities were decreased from the OCE design which effected
cost savings of some 3%.

The operation and maintenance costs of the advanced biologi-
cal system for Appendix D has decreased In costs from the OCE
study by 8% to $219/MG . This was due mainly to technical refine-
ments in the carbon adsorption system .

Physical-Chemical Treatment

The present unit capital costs for the physical-chemical
treatment facilities reflect a 10% cost savings when compared to
the OCE study . Although technical refinements concerning post
aeration and grit remova l facilities Increased component costs , the
decrease in total system costs is due to the decrease in peak cap-
acities resulting from the design of storage facilities . For the
physical -chemical system , the unit operation and maintenance costs
did not change from the OCE study .
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Storage Facilitie s

The total capital cost for the OCE storage system was some
1.3 billion dollars . For the present study, the storage costs were
reduced to some 1 .0 billIon dollars even though new storage facili-
ties were designed at the treatment plant s to regulate flow . The
reason for this decrease In cost was due to technical refinement s
in the design of the storage systems. The OCE study utilized
deep quarried pit excavations at a cost of some $7 , 000 per a cre —
foot. The new design utilizes shallow pit storage where feasible
in the C-SELM study area at a Cost of some $2 , 000 per acre-foot .
For the highly developed urban areas where surface storage facilities
are not feasible , mined storage facilities were utilized at a cost
of $28 ,000 per a cre—foot . Thus , the overall net effect Is a de-
crease in the OCE storage facility Cost by some 20% .

Sludge Management

Although the land payments have increased for the advanced
biologica l sludge management system , the tota l system capita l
costs have remained the same when compa red to the OCE study.
This is due to technical refinements concerning the design of the
slu dge application system. These technical refinements have also
resulted in decreased o&Mcosts from the previous OCE design .

The capital costs for the physical-chemical sludge management
system ha ve Increased from the OCE s tudy figure of $55 , 000 per

F MGD to some $300 , 000 per MGD for A ppendix D. This cost increase
is due to technica l refinements In detailing the composition ana
quantity of the sludge generated . The result of this analys is  Is
increased land requirements which result in increased application
system costs and O&M costs .
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VII . RECOMMENDATIONS FOR FUTURE
STUDIES AND PILOT PROGRAMS

A. GENERAL

The C-SELIvI Regional Wastewater Management study covers a
broad array of regional planning concerns as well as engineering and
technology issues. Not all of these concerns and issues can be
given the complete attention that the planners and engineers might
wish in the course of such a study. Furthermore , by rea son of being
a survey—scope study, there must exist further detailed work in selected
areas which would be required prior to proceeding to plans and specif-
ications for implementation of any particular alternative . The following
list of additional recommended work attempts to identify those selected
topic s requiring a more detailed analysis or a more concentrated effort .

1 . Public information program of a minimum of one year in
duration devoted to educating the a ffected people towards
an understanding of the alternatives available
for the management of their water and related resources.

2.  Treatment plant prototypes would be desirable in order to
optimize design concepts for implementation of either advanced
biological or physical-chemical technologies. These proto-
types should preferably be associated with a module of
treatment capacity installed In Indiana C-SELM and should
be capable of returntng reclaimed water to Lake Michigan ,
according to the priority concerns for Lake Michigan
quality . Among the characteristics of performance that
should undergo scrutiny would be the responsiveness of
treatment efficiency to flow regulation and the removal
and ultimate disposition of nitrogen from reclaimed M & I
flows .

3. Land treatment protot ypes would be desirable in order to
optimize design concepts prior to major  implementation . These
prototype s should preferably be associated with a land site
in the Indiana Kankakee River area and a land site In the
McHenry Count y area . Those two land areas represent
th e extremes in soil types , per meabi l i t ies  and topographies
encountered in C-SELM land treatment systems and should
be I ndependently evaluated . The most expedient proto-
typ e development could be achieved by developing the
prototypes around local service areas in Indiana and McHenry
County ,  respecti ve ly .  Any number of town s in these two
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areas could be considered sui table  for th i s  prototype
role . Rensse laer , Indiana , and Marengo , I l l i n o i s , would
be examples  of town s with ex is t ing  co llect ion sys tems
tha t  od oin nearby  anp r opr ia t e  ag r i c u l t u r a l  l a n d s  . Specif ic
~~~~~~~~ scruti  nv in i l~mnd t r o ot m en t  proto~y r ’  would
inc l u d c ~ t h e  nat~ re •- ‘t t he  ~or i c u I t u r u l  managemen t  sys tem
and the  horn g cn o i t y  ~f the  soi ls  i n s o f a r  as i n f i l t r a t i o n
cap aci ty  and p er m e a b i l i t y  are concerned .

4 . Imp lemen ta t i on  of a land t rea tment  a lt e rn 3t iv e  should
be integrated with an anc i l l a ry  des ign  p lan for serving
the wa stewater t reatment  needs of nearby rural  commun-
i t ies.

5. Implementat ion of a land treatment  al ternative must  be
preceded by a detailed soil boring progra m to determine
the degree of var iab i l i ty  or homogenei ty  present  in the
hydraulic characterist ics of the soil .

6. Undertake hydrologic and hydrau l ic  analyses  of the
a ffected watercourses to determine the flood plain
relief tha t might be expected as a result of storm-
water interception and storage .

7.  Investigate the surface runoff versus infi l t rat ion char-
acteristics associated with outer suburban and rural  • 1
land use under the influence of SCS soil management
practices and examine effects on watercourse baseflow .

8. Investigate the degree of opportunity for groundwater
recharge with simultaneous treatment via recharge pits
in the C—SELM area and evaluate as an alternative
source of potable water supply. A number of potential
recharge areas have been ide ntified in the suburban
C-SELM area .

9. Investigate the oppor tun i ty  to obtain nav igat ional  rec-
reational benefits with reduced flows in C-SELM water-
courses by means of a large number of on-stream ri f f le
dams .  This would permit deeper in-stream pools wi th
reduced watercourse flows .

10. Investigate the opportunity for d i s t r ibu t ing  reuse flow
to the C-SELM watercourses via on-site , open space
land treatment for selected suburba n stormwater areas.
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i i .  Investigate the long range necessity for dealing with
Great Lakes leve l regulation in order to control erosion
and include consideration of returnin g reclaimed M & I
flows to the Great Lake s including Lake Michigan during
the drought pert of the hydrologic cycle to aid in this
accomplishment . Ancillary to this investigatton , deter-
mine the exact nature of the dissolved solids content
and the rate of change of this content associated with
Lake Michigan based upon a representative breadth
and depth sampling program and determine the direction
of migration of the dissolved solids resulting from the
principle point sources.

12. Implementation of any C-SELM wastewater management
alternative should be accompanied by an extended
mapping and design of the C-SELM area to Include
the upstream porti on of the Des Fl am es watershed
in Wisconsin and any other watersheds that extend
into Wis consin.
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PREFACE

GENERAL

This volume Is a part of the United States Army, Chicago Dis-
trict , Corps of Engineers , Survey Scope Study Report for Regional Waste-
water Management in the Chicago-South End of Lake Michigan (C-SELM)
area . The overall Survey Scope Study Report consists of a summary
volume and a number of supporting appendIces. This appendix , Appendi x
D , Description and Cost of Alternatives , contains a detailed description
and cost analysis for each of the five regional wastewater management
alternatives. Each alternative is constructed from management system
components described in detail In Appendix B, Basis of Design and
Cost.

I ncluded In Appendix D is a data annex , Data Annex D -

Description and Costs of Alternatives , which presents more detailed ,
pertinent supporting information .

The Data Annex is structured pa rallel to the Appendix , with
corre spond ing roman-numera led sections and upper case , lettered sub-
sections. Specific information is referenced in the Appendix and is
placed in the parallel Data Annex Section and Subsection . There are
a number of section subsections which do not have material referenced
in the Data Annex.
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II . DESCRIPTION OF REGIONAL
WASTEWATER MANAGEMENT ALTERNATIVES

C. ALTERNATIVE WASTEWATER MANAGEME N T SYSTEM DESCRIPTIONS

SOIL ASSOCIATIONS FOR LAND TREATMENT SITES

Presented in this section are generalized soil maps which
were used to determine feasible land treatment site locations for
Alternative IV . These soil maps enable one to define general soil
characteristics which are important parameters concerning the engineer-
ing , design and subsequent operation of a land treatment system .
The major  soil associations for the five land treatment sites com-
pr ising Alte rnative IV are presented in Figures DA-II-C-l through
DA -II-C-5. These figures should be used in conjunction with the
Data Anne x B , Section IV-A which present s pertinent soils infor-
mation for the major soil associations.

Two general soil types are reflected In the land treatment
site s of Alt ernative IV. For the Newton-Jasper-Pulaski-Starke
Counties site the soils are quite permeable (400 gpd/ft2) and are
composed of sandy type materials. For the McHenry and Kendall
County sites , the soils are less permeable (100 gpd/ft2) and are
classified as sandy b arns, silt b arns or sandy clay b arns. Grundy—
Will-Kankakee-Iroquois Counties site has areas of both soils men-
tioned above . In general , the lagoon facilities and sludge utilization
a reas are located on slowly permeable or impermeable type soils such
as clays which are adjacent to the irrigation areas.

TUNNEL PROFILES FOR THE LAND TREATMENT SYSTEMS

This section presents tunnel profiles associated with the
design of the land treatment sites for Alternatives IV and V. The
geological  information which was uti l ized in the development of
these profiles was obtained from information presented in the OCE—
C-SELM Model Study and from Illinois State Geological Survey data .

Presented In Figure DA-II-C-6 are the profiles for the lend
tr e~ tment  si te wastewater conveyance tunne l s .  The a l ignment  of
these  t u n n e l s  are presented in Figures D-II-C-8 and D-II-C-1l for
Mternatives IV and V . These profi les were used in a cost ana ly s i s
t~ de te rmine  the least costly design of a land treatment conveyance
system. The result s of this analysis indicates that the tunnels should
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be designed for optimized slopes which correspond with maximum
tunnel size and minimum wastewater lifts at land site pumping
facili t ies.  These profiles were also utilizea to aetermine the
lift and hence the capital and 0 & M costs of the main waste-
water pump stations at the land treatment sites.

The profil es for the reuse tunnels associated with the land
treatment sites of Alternatives IV and V are presented in Figure
DA-II-C-7.  The basis of design for these reuse tunnels  is the
same as that for the wastewater con veyance tunnels. The profiles
of these tunnels are utilized to determine the capital  and 0 & M
costs of the reuse lift stations for the reuse management system
of Alternatives IV and V. The alignment of these reuse tunnels
are presented in Section IV-G , Appendi x B.
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IV . ~~~~ OF REGIONAL WASTEWATER MAN A GEMF!’~T AI ,’!’i~~NA T ’ ,TL
~

C . ALTERNATIVE COSTS

PURPOSE

The purpose of this section is to provide a cost es t imat ion
methodology to Interested persons which allows them to produce
the capita l cost figures for any  portion of the C-SET . M area . Such
an est imation is accomplished by norma lizing the costs of each of
the regiona l wastewater manageme nt system components (except
treatment facilities) with a s imple  and readily avai lable  uni t .  In
most cases this has been done by either square miles or mi l l ions  of
gallons of flow per day (MGD) .

With unit  costs for each system component , a tota l , aggregated
cost which includes contingencies and engineering and admin i s t ra t ive
costs can be created .

The following discussion will  present a component by component
presentation of the unit  costs .

In addition to the capita l expenditure modeling , a gene ralized
procedure is presented which al lows the reader to establ ish the present-
worth costs of not only the capita l expenditure , but  also the operation
and maintenance costs , and the replacement  costs for any  part of the
selected al ternat ive.  The sum of these three present-worth costs
provides a meaningful  est imate of tota l costs associated with a selected
portion of the overall study area .

TREATMENT FACILITIES

Treatment faci l i t ies  are the only exception to the uni t  cost approach.
Tables DA—IV—C— l through DA— IV-C - 5 present the ind iv idua l t rea tment
faci l i ty  costs f or Alternative s I throu gh V , respect ively.  By referring
to the particular a lternative in which he is interested , a person can
find the plant closest to his management area and identify the capi ta l
costs for this plant . Plant  locations are shown in F~~ures D-IV-C- 1
through D—F5 7 - C — 5 , for Al te rna t ives  I through V , respec t ive ly .  If th c~
service area s are not entirely wi th in  an area under considerat ion , an
est imate  of the costs associated wi th  a given area can be accompl i shed
on a straight  percentage of populat ion served by the selected p l a n t .
Popu!atlon figures are presented in Tables D-I I -C- 1  through D— I l - C - 5 ,
respectively.

CONVEYANCE SYSTEM S

Table DA-IV-C-6 presents conveyance  cap it 3 l  cons t ruc tion  costs
normal ized  by square mi les  of S P C V IC  areas  for A l t e r n a t i v e s  I t h rough  V .
An e s t im~~ted tota l for the  con - ,~eya n c- e sv~~t c~n- cap i ta l cost can he obtained
for a n y  area b~ u s i n g  t l~ gi ’5 -n n  u n i t  cost and the  sq u ar e  11110 area / f
the setH -i ’ area In quest ion .

DA -IV -C-  1
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TABLE DA-IV -C-6

UNIT  CONVEYANCE COSTS

L T nit  Costs in Mi l l ion  Dollars/Sq. Mi .  Area

W/ Sto rm — -N/ ’O Storm-
Water Water

,~It +~rri a~~5’e I
Chicago Area (375.0 sq.mi.) 2.19 2 . 19
Other Combined Areas (210.4 sq .mi.) 0.47 0 .11

Alternative II
Chicago Area (375.0 sq.mi .) 2.13 2. 19
Total Suburban Area (885.3 sq.mi.) 0.19 0.11

Alternative III
— Chicago Area (375.0 sq.mi .) 2.19 2.19

Total Suburban Area (885.3 sq .mi.) 0.26 0.18

Alternative IV

Chicago Area (375.0 sq. mi .) 2.19 2.19
Total Suburban Area (885.3 sq.mi.) 1.26 1.18

Alternative V

Chicago Area (375.0 sq.mi .) 2.19 2.19
Total Suburban Area (885.3 sq.mi.) 0.82 0.74

_____ 
,\bove u n i t costs based on an assumption of one
deep sto ra ge ~‘i t  located near the sewer overf low
s t r t i C t l I r e , per combined sewer suburban service
are -‘~

F ) \ - - T ’ 5 -C’ - 10
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STORMWATER MA~~’S A , I E M E N T  SYSTEMS

The st l ,) r n ’w a t e r  m a n a g e m e n t  s y s tem  presents  a u n i q u e  case
since there d F ’ ,~ th ree t 1’pe S of land -- u s e u  ~-,‘i th in  the -~ — S L U5 -~ arr- cj :
:‘ura l , suburban , and urban . The three l and-use  a r r u r  a r ”  de~
i n F ig ure s B-FJ-D- I and B-IV-D-2 of Anp endix B .

The unit  cost breakdown for stormwater m a n o ’:’rmr ut ~s or.
a sub—watershed bas i s .  The su i ,-v5 - a t e r shed d ’ l i r - a t i c  r, :s rh
F~~ ure D;~-1\-- --:- 12 .

Table D A — r V — C — 7  l is ts  the un i t  costs for  the with  stoi’m\v71c ’r
manacement  option of a square mile c f  ser ’-:i ce re ci for  e a r i .  +J th e
sr~’ — ’ v a t , ’r: ,h ’~as shown on F i o u r r  DA— I \ ’ — C — I .  T~ h lo Di~— F- . ’ — O — 8  ~r~ —
sents ~~

‘ ~~‘ s am , - ~n f c r r u a t i o r .  for the  w it h o u t  s t c rm . ’,at e :  s i t u a t i e n

Tot d l o : iui ta l  costs fc~ rt c-rn , -.’:71er n,~~na r- -r ’- c - r t  Irau be
r s t i u’oi ~. hc d ru ’, l n i i r r  th e  s+ , i r w u t c - r sh e d  “.‘her e the cost is desir ”d
cOta inlo : :  the  variou s uni t  costs  f ro m T + h i e s  L~0, —i V— ~ — 7 or
and mult iplying it by the square m i l e s  of the  area  in qu es t i  u .
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wos ’ ,‘ot t ’o f low is o s s o r , L  r: U - - c s s~~ u 51 . The fc, i , ‘ c ’ , - ~cfc oa~;r ’ u
ur~~ s o nt s  the  u n i t  c - s t  for s lu d ’u, ’ m a ’ie ’:-o’ ‘mit

c f l I i~~~1 ‘ I” $ m i l l : o o .  Li

I ) • f l c~7

i i  0 . - I n

I I I
Ont ion  I 0 . 1 1 7 3

On t i o n  2 L) . 1 i - I

F-,’ -(,,~‘p
5, 1ofl I

I I I ,t  ( l I ,  2 -

) ;  -~ 1)H I ) . b

( ~~ t I ( ‘) f l  2 - 
‘I

i~A i\ - ’ —

_ _  _  _ _  _ _ _  _ _



W~SCONS 1N
~L{JNOI9 - ,-

) 
-

- “
?

5
- I~~

- -~
~arvard - 

5
; ‘ 

- ‘

55 
55 - I

- - I I ‘
- \ 

-

• 
-

~ I ‘ WAUKEG AN

~ lC HENRY CO ~ ~~~ 

K E~~~O

55
’ 

~~~~ 

4’ 
4’ 

- 
, 

~~~ - 

1

~~ 
__S_

~
55 _S

55 - ç

’ 

• \., ~• r ’ ‘
~

i S  
~~~~~.

~~ 
-‘ 

t’~. 
~~~~~~ 

~~~~ \
SiS~~2 %. \

I I S
~~. 

\
- -— - -- 5  - - -  t ~~~~~

--  ~ 1~~~~~ _~~~~ -~~~~ --_~~ ~~~~~~~~~~~~~~~~

4’ — ~~~~ 
— - - 

-\
‘\

\
( ,t I~ 

- 
— 

“ 
h~- 

~~~~~~~~~~~~~ 
I 4’

, * / - - 
,, 

-
“4 I - ‘ - — 

* ~~ ,j ,
5, ‘~- “ 4’~~~~

’
~ ‘ 

4’ ‘- - — — s . - — - ’-

ELGIN~ / L, _ +.~~~ ,
_I 

- - I EVANSTON

-
~~~~ 

— i -
~~~~ 

- 
5 ’ ’~~~~~~ 

-H  

5’

KANE CO. - 
- -~~~~ n,- , 5 

- .
~~ 

-
1 — -~~ .~ -‘

-S

* t 
~~~~

S , 4 
S
,~ -~

~ •~
~ r 

0-2 r ”~ -~~
“

~~ 
‘
~
‘s 

‘ r ’~~~~
( ‘

•+ ~ V~~ ’-~~~~~\ L~ COOK co
I It__ •~ 

t _ 4’ - ~~~~~~ ¼ _ ,~

- S -~~ -I o ~~ 4’A - 
‘~

-“
~~~ - 

CHICAGO

~~~~~~~~~~~~~~~~~~~~~~~~~~~ co ,~~’~~~
,- -’~~ 

‘ La ke Mich~LS__.. , 
~_ 3  ‘“

~ - s, ‘0— ‘
I ,,,a’1, , ,. — - 5 5 , ,

AUROR A!’ 
.
~ ~- 3 ~ ~~ 7 ~

---- --

~ ~~~~~ 

I~ / — — 
,
~- 

- ‘ I

- ‘~~

‘

~ 
EAST CHICAGO

2~~~~~~~~~ 

~~~~ ~~~~~~~ 
L?  

~ ~GARY ~~~~

/ KENDALL CO. ) 
~~~~~~~~~~ 

,~ 
- , 

~

r —~ ~~~~
—

~~~~~~ _~~ ‘ 
~ —

iO~IE4i 4 - 4  ‘ ‘ ~ 3 4 /  ~ ,
_J _ S

SJ
S __  ‘ I S

9 2 )~~
- — - 

S ~~, / S ‘ 
- 

. 

-

5 •~ 
. ~o’ ~~~~~~~~~~~~~~~~ 

; ,L ,~~
‘

~~ 
—

MorvIs -~~-~~~~ 

W I L L  CO

~~~~~ 0 
S
. ,~~, ,  , A K [  CO

---- - - - — - “~~~~~~~~~~~~~~~ -



- “ ‘
~~~~~~~~~~~~

“ ‘ -
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

L E G E N D
• TREATMENT PLANT 

WATERS HED BOUNDA RY
- SUBWATERSMED BOUNDARY

~ - 4 SuBwATERSHED DESIGNATION

AGO

La ke Michigan
MICHIGAN -

~\S INDIANA
MICHIGAN C ITY ,i~~ ,~ ~S.__~

)  
(~

)

~~~~~7~~~~ST CHICAGO 

~~---~~~~
‘
~~~~~~~~/~~

• Th” T j ’ r.~-~ 
- - - 

\sJ La Porte ‘

- ‘I ’ ‘~~~~ ‘ 
-
. 

~I ,,) L __ * , , J
1 ‘c— 1 /

-
~~
‘—:~

-
~~ 

c
~ ’~:~ 

- ‘

~~ I ~~~ ‘
—.

S-_•.
—-_._

- - -a I

/ \ — — — ,~,~s—~’— —S-- - r55
~_, \

I ~~~~ - . 1 /
’ L A  P O R T E CO 

r i q u r e  DA -I V -~~- I

- 
* 

I 
- 

• ~;-SE1 t. .‘ \ R I ” ,

ç ...
~
...7 ’ . 

~~~~~~~~ 
‘ 

•,~ 
S I I I I_ \ t  ~+ ‘l 1’RSFIi’US

Crown Point L..~j’ ‘ 
- 
/

‘~~ ~ ‘ PORTER CO. / I~A l \ + m I ,’

~~ L A K E  CO 5’ 

- 5 --” - 5 — - -- -  - - 5 - - - - -- - --- . - - ‘ S



‘ ‘ - ‘  --- -—------5--—---,-. ’---- -_- - -~~~~~~~--— - - -

TABLE DA-IV-C-7

TABULATION OF STORMWATER MANAGEMENT
COSTS PER SUB-WATERSHED , WITH STORMWATER

1970 1970—1990
1990 Suburba n & Suburban

Sub- Rura l Area U rba n Area Area
Watershed Watershed @ $ ,‘~q ml @ $ /sq ml @ $ /sq mi

No. No. Sq.Mi.  Cost Sq .Mi .  Cost Sq.Mi .  Cost

1—1 19 .5  13.2 4 .5  2 .8  2 .0  1.3
1—2 1.1 .7 18.5 95.9 15.0 9 .5

2 2 — 1  19.6 13.2 3 .5 2 . 2  9.5 6 .1

2 — 2  5 .1 3.4 13.0 8. 2 10.1 6 .5

2—3 0.4 .3 20.5 39.3 8 .4  5 .3

3 3-1 26.2  17.7 - - - -
3—2 28.5 19.3 — — 6 .5  4 .2
3—3 17.3 11.7 — — 7 .6  4 .9

3—4 24.3  16.4 4.9 3.1 14.7 9 .3

3— 5 30.5 20.6 3.0 1.9 4 . 1  2 . 6

3—6 23.2 15.7 5.6 3.6 4.8 3.0

3—7 19.1 12.9 2 .6  1.6 5 .0  3. 1

3— 8 1.3 .9 27.4 17.3 4 .3 2 .8

4 — — — 375.0 400.1 — —

5 5—1 5 .7  3.9 18.3 11.6 7 .3  4 . 7

5— 2 2 . 2  1.5 17.6 11.2 5.8 3 .7
5—3 1.1 .7 12.1 7. 7 9 .9 6 .3

6 6 —1 5.4 3 .7  8.0 5.0 13.0 8 .2

6—2 23 .0  15.6 2 . 5  1.6 3 .0 1 .9

6— 3 10.3 7.0 17.6 11. 1  11 .4 7 .2

6— 4 — — 12.1 55.0 9 . 7  6. 1

DA-IV-C- 13
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TIE DA-IV-u-7 (Continued)

1970 1970— 1990
1990 Suburban & Suburban

Sub- Rural Area Urban Area Area

~V~~tershed @ $ , ‘sq m i  @ $ , “sq ml @ $ /sq rni
N o .  N o .  S q .M i .  Cost S q . M i .  Cost S q . M i .  Cost

7 7 — 1  3 .9 2 . 6  12.8 3 4 . 4  9~~54 5 . 11

7 — 2  5 . 6  3 .8  1 2 . 9  34 .4 1 4 . 3  9 . d

7 — 3  8 . 3  5 .6  4 . 5  2 .9 10 .6  6 . 7

8 8-1 23. 1 15.6 1.2 0 .8  4 . 0  2 .5

8—2 7 .5 5. 1 7.9 10 .2 11. 0 6 .9
8— 3 8 .0  5.4 0 .6  0 .4  12.9 8. 1

8—4 8 . 0  5 .4  4 . 0  2 3 . 6  8 .4  5. 3

8— 5 17.6 11 .9 3 .0  17 .7 5.8 3 .6

9 9 — 1  104.5 7 0 . 7  — — — —

9— 2 80.3 54.3  — — 9 . 2  5 .9

10 10— 1 — — 17.5 37 .3  1.5 0 .9
10—2 — — 19.4 12 .3 15 .6  9 .8

10-3 10.3 7 .0 5 .6  3 .5  7 .9  5 .0

11 1 1 — 1  — — 15.3 41 .1  13. 7 8 . 6

11—2 6.9 4.7 16.5 10.4 — -

12 12-1 21 .4  14.5 - - 6 . 6  4 . 3

12—2 25. 1 17 .0 — — 1 .0 0 .6
12—3 9 .4  6 . 4  — — 4 . 6  2 .9

1 2 — 4  2 4 . 4  16 .5 — — 1 . 8  1 . 1

13 13-i 7 . 3  4 . 9  9 . 5  6 . 0  7 .0 4 .5

13-2 8.9 6 .0  1 . 0  0. b 7 . 0 4 .5
I

DA-IV-C- 14
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TABLE DA-IV --O-7 (Continued)

1970 1970—1990
1990 Suburban & Suburban

Sub- Rural Area Urban Area Area
Watershed Watershed @ $ /sq mi @ $ / sq mi @ $ /sq mi

No.  No . S q .M i .  Cost S q .M i .  Cost Sq .Mi .  Cost

14 14—1 28 .8  19.5 1.2 7 .1 7 . 2 4 .6

14—2 16.3 11. 0 1 .1 7.1 6.4 4.0

14—3 16.0 10.8 2 . 7  16.0 8.8 5 . 6

14— 4 11 .2 7. 6 7 .0 41.3 10. 1 6 .5

15 106.4 72 .0 — — 4 .5  2 . 8

16 16— 1 15.4 10 .4 6. 3 4. 1 3 .9  2 .5

16— 2 10 .4 7. 0 12.8 8 . 2  5. 1 3. 2

16—3 15.2 10.3 11 .6 7.4 5.2 3.3

16—4 0.8 0.5 18.3 100.8 5.3 3.3

17 34. 1 23. 1 — — — —

17— 1 22.6 15.3 7.5 4.8 2.5 1.6

18 18— 1 0.8 0. 5 11.3 66 .6  13. 4 8.5

18—2 4 . 5  3. 0 11 .3 6 € . 6  6. 3 4 . 0

18—3 6 .6  4 .5 14 .4 84.8 6 . 1 3 .8

- 18—4 11 .7 7.9 5 . b  33 .0  — —

18— S 15. 1 10 . 2 7 .8 4 5 . 9  7 . 4 4 . 8

l 8 — 6  13.8 9 . 3 0 . 9  5 .3  1. 0 .6

19 19— 1 2 2 . 4  15. 1 1. 7 10 . 1 1 .4 .9

19— 2 18.4 12. 4 1 .1 6.5 2.3 1.4

19—3 17 .1 11 .6 1 .4 6 . 2  3 .5  2 .2

19—4 36.9 25.0 0.8 .5 1 .3 .8

19—5 33 .3  22 . 5 — — — —

DA-IV- C- 15
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l~ 70 : 9 7 C - 1 9 9 0
1990 — uburb an & .$uhu rb an

Sub- ~ura 1 Area Urban Area Area
\\ ..1rershed Water shed ~~ $ ,/s’~ ml @ $ /sq mi @ $ 1 ’hq mi

No. N o .  S q .M i .  ~2ost  ~q .M i .  Cost S q . M i .  Cost

2 0 — 1  1~~5 . 9  ~~~~~~~~ 
-- — 10 . 0

2 0 — 2  54 . 7 ~“ .0 — — 5 . 0  ~. 2

2 1 33 .6 22 .7  — — 12 . -S t~. O

22 4 3 . 4  2 9 . 3  — — 3 .5  2 .2

t
’ ,

~, IV~~~~
I ’

~~~ 1~ 
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Table DA-IV-C—8

COMBINED SEWER SYSTEM AREA COSTS - WITHOUT STORMW A ’I ER

Cost Per Cost Per
Water - Sub-Watershed Water- Sub-Watershed
Shed Sub-Water Sq. Cost in Shed Sub-Water Sq. C- st in
No. Shed No. Mi. Millions No. Shed No. Mi . Millions

1 1—2 11.6 68 .2 12 12— 3 4 . 0 2 . 5

2 2 — 1  .7 .4 13 13— 1 1.9 1. 2
2 — 2  2. 7 1.7

14 14— 4 11. 0 ~4 . 6

3 3 — 7  .3 .14

17 17—1 5 .5  3 .5

4 375 .0  400 . 1

18 18— 1 59.8 3 7 . 6
18—2 5.0 29 .4  - ;

6 6—3 6 .0  3 .7  18— 3 4 2 . 0  2 6 . 5
6—4 4 .5  2 .8 5 

-

7 7— 1 5 .0  29 .5 4 19 19— 2 7 .0  4 . 4
7—2 5 .0 29 . 4

20 2 0 — 1  10.8 6 . 7
20 — 2 7 .6  4 . 7

8 8—4 14.0 8 2 . 3
8— 5 3. 4 2 0 . 0

10 10 — 1 2 . 6  15. 3 
_____ _____

585 .4  434 .5

DA-rV-C -17
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The .~ost of any specif ic  sludge management  s’, 3t~i , 5 1 wo- ,lld be
~3s*~d un on  n roj c  :~tec1 H a n t  f lows from the t r ’ ’ u t n .~~r t  t3c dit ,-

R E U S E  SYSTEM S

Reuse system uni t  costs are based on ~i gross square mi 1eIi c~o
bas is  for each of the a l t e rna t ives ,  as follow s for recreat ional-
navigat ional  reuse :

Reuse Cost
Alternative $ Million/ square mile

I no reuse

II
w/ 0 . 0 2 3
w/o 0 . 0 2 1

III
0 . 0 2 3

w/o 0 .021
Iv

w/ 0 . 4 2 6
w/o 0.424

V
w/ 0. 254
w/o 0.252

w/  - with stormwater
w/o - without stormwater

I )A- R - ( ~ - I 9
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The cost of potable reuse is civen in dollars t I er  MCD
supplied and is listed as follows:

Rc~ise Cost
Alternative $Million/ MGD

II & 11
Option 1

w/ 0 . 4 5 9
w/o 0.231

Option 2
w/ 0 .212
w/o 0 . 2 1 2

1V & IV

Option 1
w/ 0. 465
w/o 0 .238

Option 2
w/ 0 .2 12
w/o 0 .212

Total reuse system cost estimations can be obtained by
multiplying the recreational-navigational uni t  cost by the number  of
square miles in question . Potable resue can be obtained by multi-
plying the unit cost by the projected deficiency .

PRESENT-WO RT H MODEL

The present-worth model will use , in addition to the physica l
characteristics of the individua l system components presented ,1l lo~~~~~,

t he  present—worth costs shown in the cost tables  of Section D-1”-C .

Treatment Facilit ies

The indiv idua l t rea tment  fac i l i t i es  for each of the Ij ve a l t e r n a t i v e s
have been identified In tab les  DA-W-C- 1 through  D?~-IV-C-5.  In order
to estimate the present-worth costs of a given p lan t , a s im p l e  percentage
ca lcula t ion  Is perf ormed . The capita l rost associated wiU’ t h e  pI ;i ;~t
under considerat ion Is de termined . This cost is then d lv ’ I by t he

DA-TV- (  - i~~
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tota l 1 - ap i t a l — c o s t  ~calcu1ated 1 y ad d ing  the f i r s t  year ~~i i ~~ lu t e r e

- ~-a~ “s t s )  obto .:cd ~~~~~ ~h 1 in d i v i d u a l  a l t er i ’ u r ~ ie cost ~o1e !row

Sect ~ - I \ ’— C . T~ L yields a cercentage est i m a t e  of th e  cost
of tha t  foc ih : ’ i  w i t h  i-~spoc’ t to Lhe O’~’r tu! l  tred - r snt  f~i c i l i t ’ , ’ c~ost
Th i s  p er (-~~n t 3 n e  is the r I u l t i p l i  ~d t imes the tota l p r e s e n t — w o r t h
capita l cost of the indi ’,’iu u a l  a l t erna ti ve cost tab le ,  to determine
the e s t i r ate  o~ the p re sen t -w~ rth cost of the selected f ac i l i t y .

~ho c S ti a L L ’J p e s  ‘t — t ’ -’urtIT ~~p~~a/  cost

~,- t ” .: tj  ~a r .  3 o ,~ t : :‘l i s~~ :o t iv e  I !S required . A tota l c *ib Lt:i l Cost
to, ~ ,e year  19~~u for th is  f a c i l i t y  is obtained from D A — I V — C — 1  (for

~~ u ’tn r e s~) .  Th i s  ~j gure  is $ 4 6 . 0  m i l l i o n .  The tota l capita l cost
for Al te rna t ive  I is obtained from Table D -IV -C— 1.  It equals
$1 , 247 mi l l ion .  Therefore , the O’Hare faci l i ty  is approximate ly
3 . 68 p ercent of the tota l faci l i ty  cost. The present—worth ca pita l
cost is equa l to $~~0 11 mil l ion , obtained from Table D — I V — C - l .
This leads to an estimate of the present—worth capita l cost of
$37 . 2 million for the O ’Hare faci l i ty .

The same percentage figure can be used to approximate the
present-worth cost ~ “sociated wi th  the replacement cost. For
exa~~p1e , in the case of the O’Hare plant for Alternative I, the
replacement  cost equals  3 . 68 percent of present worth capita l
cost of $234 mil l ion , or $ 8 . 3 1  mill ion .

~~-.er ati on and  M-l inten Tlnce present—wort h costs are est imated
hI , ’ i ot i ’rmi ru ng the  percentage of total 0 & M costs associated with
-my selected p 1~~nt from Tables DA-IV-C—I through DA — IV-C—5.  Thi s
percentage is then mul t ip l ied  by the present—wort h 0 & ~~ cost from
the ind iv idua l a lt e rn r r t ive  cost t ab le s  in Section D —IV — C.  For example ,
aga in  using the O’Hare p lan t , the percentage 0 & M cost for the
f a c i l i t y  is $ 2 . 27 m i l l i o n .  This  is 2 .18 percent . This percentage t imes
‘h o 1r *’*~~o n t — w  tb  C) & M of $287 provides an es t imate  of $6 . 26 m i l l i o n

- r the 0’ h a m  t 1~t~l l i t - , ’

The sum of the three ca lcu la t ions  gives the tota l presen t -worth
ro nt  ~ssociated wi th  the O’Hare fac i l i ty .

C r nv ey an ce  Sys tem

Present-worth  ‘~~u t s  for any  given service area for the con oeyd n L ’v
co mp on -~ n t  is ‘st imr i t ed  as ~i s imp le  percentage.  The specl ic service

i n ‘‘~er~ loud and thc tn~~i 1 ‘ - i  p~ t a l  co s t  is a p p r o x i r n a t  ‘ ‘ - ‘
~ i n

r.r ’ : t~~d . r i - o ’ - ”~ , r c j n q  T-~b 1e D A — I V — C — 6  . f~rn cent—worth o ’u -tn  -
th~ Ir *‘~~‘i~~ I t C h ho ~~~~ u i i ~~~’ r t  t h ~~ p * s r r ’f l f lt . l g e  tn ’~t th o ar ~ a set r c t 1 H

~ of u i ’  - 0 , 1  . ~p~t -~ l cost  o~ r i  m u l t i p L h n h  t h - f ’~ by th e  p r e s ’ ’ t — \ v e r t h
4 1  - 1’ l • ~ ‘ (  \ ‘ i d ’ r r ~ I - , ~~ r e  cost t i l ~I en  •i S - -n n — iv— c-

L - , , . ~~~~~~~~~.
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This percentage est ima t ion  can be used for each of the three
present-wort h cost uni t s , capita l , r ep lacement  and 0 & M.

Stormwater  Mana g ement  Systems

Capita l costs for the s tormwater  manag emen t  un i t s  needed are
determined in the same manner  as presented above on page DA-IV-C- 1 1.
This capita l cost is then divided by the tota l ca pita l expenditure
for s tormwater  management  given in the ind iv idua l  a l t e rna t ive  cost
t a b l e  of Section D -P- T-C . This percentage is then u :ed to provide
an approx imat ion  of the three present -worth cost items of capita l ,
r ep lacemen t  and & M , by m u l t i p l y i n g  by the tota l costs associated
wi th  the stormwater management  system for the specific al ternat ive
in ques t ion .

Sludge Management  Systems

Sludge m a n a g e m e n t  costs are based on a cost per MGD of wastewater
flow treated . The capi ta l  cost to treat a given flow is es t imated us ing
the method pr esented above , on page D - I V — C — 1 l . This f igure is then
used to determine the percentage of tota l capita l cost associale d with
the flow in quest ion by dividing by the tota l cap i ta l  cost given in
the  i n d i v i d u a l  a l te rna t ive  cost curves for the a l te rna t ive  in question .
T h i s  percentage is then appl ied  to the three present-worth cost i tems;
capi ta l , rep lacement , and 0 & M , to provide these approx ima t ions.

Reuse Systems

Rec rea t i ona l— nav iga t iona l. The r e c r e a t i o n a l— n a  v iga t iona l  reuse
sostem costs are based on gross squa rern i l eage  for the area in quest ion .
The area in question is used to de termine  the capita l costs by us ing
the method presented on page D .4-I~’-C-l8 . This capi ta l cost approx-
imat ion  is then used to e s t i m a t e  the percentage of capi ta l cost assoc ia ted
wi th  the area in ques t ion  for the a l t e rna t i ve  under  cons idera t ion . This
is done by d i v i d i n g  the  capita l cost for t h e  area by the  tota l capi ta l
co st , f r om th e  i n d i v i d u a l  a l t e rn a t i v e  cost t ab l e s  of Sec t ion  D — I V — C .
This  s i m p l e  percentage is then  used to e s t i m a te  the present-worth
costs for cap i ta l , r ep lacement  and opera t ion  and m a i n t e n a n c e  costs ,
h ’-’ m u l t i p l y i n g  it by t h e  tota l p r e sen t—wor th  costs for  t hese  i t ems
obtained from t h e  sa m e i n d i v i d u a l  a l t e r n a t i ’e cost t ab l e s .

Pot~u*’, Potable  r euse costs are (‘ ) t t a m ed in ex a c t ! ’~- the  s an e
m a n t ,~~r used for r n c r e a t i o n a l — o i y , q a t j o n a  I costs . I lowe - ‘ r , i n  fl so
coSt  e s t i m ot o s  the  p r e s e n t — w o r t h  h ose  cost s  are - 

- t - ~ ined ~: o-n

D — I V — C — 2 1
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Table DA-IV-C-9
BASE UNITS AND COSTS

REUSE , CONVEYANCE , A ND STORMW A TER M A N~(co sts In thousand s  of do l la r s ;  units

Alte rnatives

Alternative I A lternative II Alternative III

Item Units w/ob w w/o ______w_______ w

C 0

~ 0 Units Cost Units Cost Units Cost Units Cost Units

REUSE
Lines L.F.  — — — — 1 , 205 27 , 256 1 , 205 27 , 256 1 , 131 26 , 913 1 , 131
Pumping Sta . EA — — — — 26 13 , 920 26 13 , 920 22 13 , 468 22
Reuse Tunnels L.F. - - - - — - - - - -

Reuse Lines L.F. — — — — — — — - — - -

Reuse P .S. EA — — — — — — — - - - -
Contingencies — — — — — — 19 , 824 — 14 , 82 4 — 18 , 619 —

Total Cost — — — — — — 61 , 000 — 56 , 000 — 59 ,000 —

CONVEYANCE
Lines L.F. — — 370 11 ,000 3 ,721 110 ,650 2 , 546 75 , 6 80 3 , 6 73 145 , 221  2 , 793
Pumping Sta. LA — — 10 44,100 191 95 ,857 152 75 ,717 180 99 ,850 144
T unnel s, Chgo. L.F. — — 634 660 ,200 634 660,200 634 660,200 634 660 ,200 634

LAND: Lines L.F. — — — - - - - - - - -

Pumping Sta . LA — — — - - - - — - - -

r1 Tunnels  L.F .  — — — - - - - - - - -

Pumping Sta . LA — — - — - - - - - - -
Contingencies — — — — 130 , 700 — 128 , 293 — 108 , 403 — 14 9 ,~ 29 —

Total Cost — — — — 846 , 000 — 995 ,000 — 920 , 000 — 1055 , 000 —

STORM WAT ER
Chgo . Underfiow

Plan  Storage Ac. Ft . — — 58 , 800 350 , 000 58 , 800 350 , 000 58 , 800 350 , 000 58 , 800 3S0 , 000 ~R , 800
Contingencies — — — — 50 , 100 — 50 , 100 — 50 , 100 — 50 , 100 —

j]rbon~Sub,jrban
Storage Ac.Ft. — — 28,013 314 ,823 126 ,406 952 ,165 28 ,013 314 ,823 l 2 6 ,-1O~’1 952 ,165 28 ,013

onting~ncies — — — — 119 ,077 — 361 ,822 — 119 ,077 — 36 1  , H 2 2  —

Rura l Storm Mg ’t.
Storage Ac.Ft. — — — — 178 , 627 454 , 002 — — 178 , 62 7  , , ~~, 002 —

Collection Mites — — — — 234 , 500 32 , 355 — — 2 ’~4 , 500 32 , 355 —

Treatment Acres — — - — 102 ,889 107 ,995 — — 102 , t-~h-1 107 ,105 —

Contingencies — — — — — — 225 , 561 — — — 225 ,561 —

T ital Cost — — — — 834 , 000 — 2534 , 00 0 — 834 , 000 — 253~~,000 —

stormwater
w i t h o u t  stormwater 

~~~ - - - - -5-  - ‘  —-5- — -- , , -



Table ’ DA —I V—C — 9
BASE UNITS AND COSTS
CE , AND STORMWATER MANAGEM ENT SYSTEM S
n thousands of dol lars ;  units in thousands )

Alternatives

Alternative III Alternative IV Alternative V

- _______ w________ w/o _______ w________ w J o - W 
________

Units Cost Units Cost Units Cost Units Cost Units Cost Units Cost

1 , 131 26 ,913 1 , 131 26 , 913 1 , 131 26 , 91 3 1 , 131 26 ,913 1 , 131 26 , 913 1 , 131 26 , 913
22 13 ,468 22 13 ,468 22 13 ,468 22 13 ,468 22 13 ,468 22 13 , 468

— — — — 1 , 148 552 , 2 00 1 , 148 552 , 200 1 , 090 262 , 050 1 , 090 262 , 050
— — — — 610 53 , 820 610 53 , 820 658 121 , 670 658 121 , 670
— — — — 23 ‘53 , 250 2 3 1 53 , 250 17 51 , 7 50 17 5 1 , 750
— 18 ,619 — 14 , 619 — 307 ,400 — 303 ,400 — 185 , 200 — 180 , 200

— 59 ,000 — 55 , 00 0 — 1107 , 000 — 11 0 3 , 0 00 — 661 .000 — 6 56 , 000

3 , 673 145 , 221 2 , 793 110 , 251 3 , 6 73 145 , 2 2 1  2 , 793 110 , 2 51 3 , 673 14 5 , 221 2 , 793 110 , 251 - ‘

180 99 , 850 144 79 , 710 180 99 , 8 50 144 79 , 710 180 99 , 850 14 4 79 , 710
6 34 660 , 200 634 660 , 200 634 660 , 200 634 660 ,2 00 634 6 60 , 2 00 634 660 , 200— — — — 413  36 , 110 4 13 36 , 110 608 57 , 71 0 608 57 , 710

— — — — 10 4 , 786 10 4 , 786 10 5 , 784 10 5 , 7h4— — — — 1 , 539 602 , 32 0 1 , 539 602 , 320 ‘ 1 , 115 296 , 170 1 , 115 2 96 , 170

- 149 , 729 - - - 3 9~~, 5l3  
‘ 

- 372 , 623 - 286 , 065 - 2 6 5 ,175

-‘ 10 55 , 000 — 979 ,000 — 1942 , 000 — 1866 ,000 — 1551 , 000 — 1475 , 000

58 ,800 350 , 0 00 58 , 800 350 , 000 58 , 800 3 50 , 000 58 , 800 350 , 000 58 , 800 350 , 000 58 , 800 350 , 000
— 50 , 100 — 50 , 100 — 50 , 100 — 50 , 100 — 50 , 100 — 50 , 100

126 , 406 952 , 165 28 , 013 314 , 82 3 129 , 546 983 , 565 31 , 1 53 346 , 233 1 2 9 , 546 983 , 565 31 , 153 ~-16 , 2 2 3
— 361 , 822 — 119 , 007 — 378 , 42 2 — 136 ,677 — 378 , 4 2 2  — 1 ~~h , 6~~~~7

178 , 627 454 , 002 — — 178 , 627 454 , 002 — — 178 , 627~ 454 , 002 — —

234 , 500 32 , 355 — — 234 , 500 32 , 355 — — 234 , 500~ 32 , 355 — —

102 , 889 107 , 995 — — 102 , 889 107 , 995 — — 102 , 889 107 , 995 — —

— 2 2 5 , 561 — — — 225 , 561 — — — 2 2 ~~, 56 1 — —

— 2 534 , 000 — f04 , 000 — 2 582 , 0 0 0 — 883 ,000 — 2 5 H ? , 000 — 8 r~3 , i’0fl

i)~~— J V — C — 2  2
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T ~f t e EC—~U — - — 1 0
BASE U N I T S  11\E)  C U ,  ‘IS

F —  ‘2 A B t~~~
’ W  ,

‘ -

(C Or ~t r ~ in t h o U S , l n  ~r ’ of d o l l a r s :  u n i t s  ix

1 

______________________________________ 
7- t - ~ n • i — , -P~

A lt e rna t i - ,-’e I A 1t e~n~ t : -  “ II A t m  i t : ’ ’ UItem Units  
- hw w o  w ‘_ v ’ o —,-,

U nit Cos TJni - (‘ c- r t U n i t  Co:t U n i t  Co~ t U n i t  C ~t ~~n~ t C

OPT It ~N 1

Pu mping Sta . LA — — — — 50 25 , 722 50 25 , 722 50 2 5 , 722  50 2~
Lines i .F . — — — — 1 , 555 65 , 657 1 , 555 65 , 65~ 1 , 55 5 65 , 6 5 7  1 , 555 65
In i ect ion  Wel ts  LA 285 101 , 062 — — 285 0 1 ,o~’ —

Transfer  Lines L .F .  65 3 , 400 — — t - 5  ~, - ;n n —

Contingencies  — 70 , 159 — 42 , 6 2 1  — 0 , l m ”  —

T ot a l  — — — — — 266 , 000 — 1 3 4 , 000 — 2 66 , 000 — 134

-FTION 2

Pumping S t i . EA — — — — 10 1-1 ,960 10 14 ,96~ 10 I4Hf- fl In 14
hines L,F. — — — — 1, 641 71 ,179 1 ,641 71 , 17’~ I ,6 - 1  71 , 1 ”  ,6- 1 74
Contingencies — 33 ,861 — 33 , ~ft1 — 3 . 1 - 33

Tot -d - 123 ,000 - 12 ~~, 000 - 1 2 3 , O r4C - 23

aW1~h t-  m~-’w i t e r
bwj th )ut storrnwater

/

- -5 - — —— - - 
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Table  DA -IV -C- l0
BASE UN ITS A N D  COSTS

P OTABL F WA TER
sts in thousands  of do l la rs ;  u n i t s  in t h o u s a n d s )

Al t e rn , ’l t :v e s

— 
A l t e r n a t i v e  I I I  A l t e r n a t i v e  IV A l t e r n - i t i v e  V
w rI w w, ’o w w 0

St ~ n i t  Cost  U n i t  Cost  u n i t  Cost Unit  Cost U n i t  Cost U n i t  Cost

722 50 25 , 722  50 25 , 7 2 2  5 0 27 , 817 50 2 7 , 817 50 27 , 817 5 0 27 ,817

657 1 ,555 65 , 657 1 , 555 6 5 , 6 57 1 , 555 66 , 208 1, 555 6 6 , 208 1 , 5 55 66 , 2 08 1 , 555 66 , 208
285 101 , u’7  — — 213 5 10 1 , 062 — — 2 85 101 , 062 — —

65 3 , 40~ — — 55 3 , 400  — — 6 5 3 ,41)0 — —

621 — 71), 15’~ — 4 .~, 6 2 1  — 70 , 513 — 43 , 97 5 — 70 , 5 1 i  — 13 , 137 5

000 — 166 , 000 — 131 , 000 — 269 , 000 — 138 , 000 — 269 ,000 — l~~8 , 000

960 10 1 4 , 9~ fl 10 l4 , -~b 0 10 14 , 960 10 14 , 960 10 14 , 960 10 14 , r”~’0
179 1 ,641 71 , 1~~13 1 ,t’-~~l 74 , 179 1 ,641 74 ,179 1 ,6 : 1  74 ,179 1 ,641 74 ,179 1 ,641  74 ,I7-~
861 — 33 ,” 6 1  — 33 6 1 — 33 , 861 — 33 , 861 — 33 , 861 — 33 ,h61

000 — 23 ,000 - 2 3 , 000 — 123 ,000 — 123 , 000 — 123 , 000 12 3 , 000

A- lU-  -2~
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Tai ’I e DA—I ’ 11 — E — l  I
0. 2L U N I T S  b IN D  COSTS

SLU ~ ;E D R A I N A C L  SY ST I Ut
(c o s t s  in th  -u ~-~~nds of  d n ! I o r - ’’ units in  thol

A t e r n  ~t :v e s

Alte rnative I Alternative II 
—

Item Units -
_____w/ob 

______w_________ ______w ’o

_________________ _____ 
0 Units Cost Units Cost Uni t s  Cost Un i t s  , -

OPT ION I , Agric .

Pi~~e 1ine System L. F . - - 4 , 128 145 , 100 1 , 998 62 , 0 0 0 1 , 998 6 2 , 000 1 ,~~3 t 73 ,i )Q
L oll App 1ic~ t ion  -

System Acres — — 52 30 , 300 590 265 , 652 590 2 6 5 , e- - 2 52 36 ,~~1)0
L1~nd Aquisition Acres — — 17 14 , 600 649 564 , 637 649 564 ,637 57 - ‘ - .2 02
C1 r i t i n u e n n i e s  — — — — 72 , 2 00 — 338 , 711 — 338 , 711 — 5fl , 2~ 8

— - - - 262 , 2 00 - 12 31 , 000 - 12 3 1 , 000 - 21 -0-~n o

-U-P T I ( N 2 , Land

Pip eline System L. F . — - — — - - 
I 

- - 2 , 452  1 ’ ~~, 326
La nd Applicat ion
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BASE U N I T S  A N D  COST S
;LUDG E DRAINAGE SYSTEM
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Al ternatives
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Alterna tive III Alternative IV Alternati ve V

__________ - - 
w w /o w 

r w  
a w w/o 

Cost U n i t ~- 1, ’ j~~~t Uni ts  Cost Units  Cost Units  Cost Units Cost Units Cost

52 , 000 1 , 5 36 73 , 000 1 , 536 73 , 000 195 10 , 224  195 10 , 224  662 54 , 217 6 6 2 54 ,217

265 , 1352 52 36 , 500 52 36 , 500 52 30 , 217  5 2 30 , 217  52 35 , 159 52 35 , 153
564 , 637 57 49 , 20 2 57 49 , 202 57 36 , 666 57 36 , 666 57 46 , 12 3 5 7 46 , 123
338 , 711 — 60 , 298 — 60 , 2 98 — 28 , 89 3 — 28 , 893 — 52 , 501 — 52 , 501

231 , 000 - 2 19 , 000 - 2 19 ,000 - 106 ,000 - 106 ,000 - 188 ,000 - 188 , 000

— 2 ,452 173 ,326 2 ,462 l~~3 ,326 1 ,542 89 ,68 1 1 ,542 89 ,681 2 ,189 142 ,253 2 ,113 1 1 14 2 , 2 5~

— 7 2 1  75 , 072 72 ~5 , O72 66 59 , 7 10 66 59 , 710  71 69 , 4 2 0  71 b13 , 42 0

- - 94 , 602 - 134 , 602 - 56 , 609 - 56 ,609 - 82 , 32 7 - 132 , 3 2 7

— — ~-H , OO O — 3 4 3 , 000 — 206 , 000 — 206 , 000 — 94 , 000 — 2 9 4 , 000
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V. COMPARISON OF REGIONAL
WASTEWATER MANAGEMENT ALTERNAT IVES

B. WATER RESOURCE

PURPOSE

The purpose of this section is the presentation of the stream
flow summary tables referenced In Appendix D , Section V-B , Tables
DA—V-B - 1 through DA-V-B-4 present the flow summary for each of
Alternatives II through V , respectively.

The tables should be us’~d In conj un ction with the detailed
map showing recreational flow Injection point s and other reference
points . This map appears as Figure B-IV-G-4 in Appendix B ,
Section fl/-G , page B-IV-G-15. In addition , each of the refe rence
points is listed in Table B-IV-G-2 , pages B-IV-G-l6 through
B-IV-G-18 , of Appendix B , Section rV-G , which presents minimum
and maximum flow associated with the reference points.

ORGANIZATION

Column 1 of each table lists the reference points discussed
above . The reference points play an Important role in the organiza-
tion of the table. Key reference points are located along the major
streams of the C-SELM area . Flow upstream of these reference
points Is su mmed to that point , and then compared with the minimum
and maximum flows in the stream as given in columns 24 and 25.

Columns 2 through 19 quantify the pertinent fl ows upstream
of the given reference point . The accumulated flows are then
reported in columns 20 -23 for summer and winter conditions for
199 0 and 2020 on an average daily basis.

Columns 26 and 27 present data for the maximum wet flow
conditio ns associated with summer flows 2020.  Column 26 is
the diff erence between the treatment syr em capacity and the
average daily fl ow for all reference point s with treatment plants
upstream of the reference point . This condition produces the
ma ximum flow cond it ions.  These incrementa l increases are added
to column 23 and placed in column 27.

nA - V - P - I

—‘-5— - - - 5  _ _ _ _ _ _ _
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The tables for Alternative IV reflect no entries for columns
26 and 27 .  This is because all f lows  are returned from the
land sites at a constant rate , with no variation except the summer
and winter d i f ferent ia l  which is already identif ied .

I
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