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ABSTRACT

Four irrigation sites in Southeastern Michigan and
p 

one site in Northwestern Ohio were selected as being

suitable for wastewater renovation. These five sites

represent about 1100 square miles and wil l treat the
equivalent of 3366 million gallons per day (MCD). Waste-

water application rate will average two inches per week
for 35 weeks (70 inches/year). Crops grown on the irri-

gated land are grasses and legumes in a 10-or 12-year

rotation . Total capital cost for irriga tion and pe rco-
p 

late collection facilities on the five sites is about

$1.7 billion . Annual operation and maintenance cost

and total annualized cost are about $57 and $137 per

million gallons of treated was tewater , respectively.
Costs do not include sewage collection and transmission ,

lagoon treatment and storage , disinfection , and sl ud ge
disposal. Land treatment is expected to remove 98% of

the BUD , 95% COD , 85% N , 99% P, 95% metals , 99% sus-
pended solids, and 99% of the pathogens contained in
Southeastern Michigan wastewater.
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SECTION I
GENERA L

BACKGROUND

The Detroit District of the U. S. Army Corps of

Eng ineers (CORPS) conduc ted a fea sibi l i ty s tudy on
wastewater management alternatives for Southeastern

Michi gan . Various local , state , and federal agencies

cooperated with the CORPS on this study . Land treatment

of was tewa ters was one of th e promising al tern ative s
concluded in the fe asibil ity study to warran t fur ther
investiga tions . Accordingly , several studies wer e
ini tia ted to develop technica l designs and to evaluate
ecolog ical , hygienic , social , aes the tic and econom ic

impacts for land treatment of wastewaters . Similar

s tudies wer e initiated f or advanced b iologic al and
physical-chemical treatment methods . These methods

along with various combinations are considered as othe r

promising alternatives for managing wastewaters .

LAN D TREATMENT

The land treatment alternative for manag ing waste-

wa ters allows soil and grow ing pla nts to rem ove po ten-
tial po llutan ts before the wa ter is col lec ted in under-
drains for reuse and/or discharge into streams or lakes .

A simplified flow diagram for land treatment is shown

in Fi gure I- i. Raw sewage is collected and treated in

lagoons . Storage lagoons are provided for winter months

when wastewater cannot be applied to agricultural lands .

1-1
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The effluent , usually equivalent in quality to secondary
• treatment , is disinfected and applied by irri gation to

agricultural lands . The soil removes nutrients , micro-
organisms and suspended solids from the wastewater. Also ,

plan ts take up nu trien ts and soi l  microorgan isms con sume

organic matter or iginally contained in the wastewater.

The renovated wastewater is collected in unde rdrains

and transported to reuse facilities before possible dis-

charge into streams . Reuse facilities might be desi gned
to use the renovated water for recreational , aesthetics ,

wildl i fe , industrial or other purposes.

IRRIGAT I ON AND COLLECTION FACILITIES

In thi s study , collection facilities are for the

renovated water which has percolated through the soil.

The Irri gation and Collection Facilities Stud y excludes

the collection of raw sewage and the lagoon system

(Figure I-i) from the land treatment alternati ve of

wastewater management . Other studies arc being conducted

to develop designs for sewage collection and lagoon

systems .

PURPOS E

The purpose of the Irrigation and Collection ~~i-

cilities Study is to develop designs suitable for os-

tima ting cos ts and performance. The CORPS will inte-

gra te informa t ion from this s tud y with other studie s

to full y assess  advan tages and disadvan tages of l and
trea tmen t compared to other al terna t ives for man ag ing
was tewater in Southeastern Mich igan .

1-3
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SCOPE

The scope of the study is to develop conceptual

or preliminary desi gns for irri gation systems , groundwater
con t ro l , reuse facilities , stream outfalls , and agri-

cultural practices . Designs will be of sufficient de-

tail to estimate costs with the degree of accuracy

usually found in a survey scope study . Also , des igns

will meet the more stringent of the state standards or

the CORP S prescribed goals for water quality .

SOUTHEASTERN MI CHIGAN AREA AND IT S WASTEWATER

The Southeastern Michigan area, as def ined by the
• CORPS, re presen ts a total dr ainage area of 5,372 square

mi le s and includes  all or a por tion of the fo ll owing
eigh t coun ties: Monr oe , Lenawee , Wash tenaw , Wayne ,
L ivin gs ton , Oak land , Macomb and St. Clair. Major cities

within this area include Detroit , Por t Hur on , Pon ti ac ,
Mt. Clemens , Ann Arb or , Ypsilant i , Adr ian , and Monr oe.

In the year 1990, near ly three  b i l l i o n  ga l lon s of
w ast ewate r per day w i l l be produced wi thin the area.
This wastewater represents munici pal , industrial and

urb an storm flow s and is assumed equivalent to secondary

treatment effluent . For design and p l annin g purpose s,

the wastewater f rom the Sou theas te rn  Mich i gan area was
assumed equiv a len t to th e typ ical secondary eff luen t as
defined by the USA CRREL stud y team (82). ihe character-
istics of this typ ica l sec ondary eff luen t ar e sh own in
Table I-i.

1-4
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Table I-i

Typical Secondary Effluent Characteristic s
(All as mg/liter unless otherwise noted.)

I. Oxygen.demandlng compounds IV. Inorganic compounds

a. BOD 25 a. Metals
b. COD 70 Cadmium 0.1

• Chrom ium 0.2
U. Bloitl mulanta Copper 0.1

Iron 0.1
a. Nluogen Total N 20 Lead 0.1

Organic 2.0 (as N) Manganese 0.2
+NH 4 9.8 H 

Mercury 5 ppb.
NO, 0•0 Nickel 0.2
N0, 8.2 Zinc 0.2

b. Phosphoru s Total P 10 Sodium S.A.R. = 4.6
b. Non metals

Ill. Other organic compounds Boron 0.7
a. Phenols 0.3 Chlorides 100
b. Chlorinated and other complex organica — &~lfate 125

(Con centr att on s vary . iii itI c~n ~ntrau on
of these refractory org~nics app ro~Lcl~es V. Other charact er ts ucs
45 mg/L Iter as t ndt cats d by t h e thl terence a. Suspended solids 25
betwee n COD.ROD res u lt s .Lbuve. ) b. pIt 7.0

1 - 5
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STUDY ORGAN I ZAT ION

The CORPS tentatively selected lands suitable for

wastewater treatment in the vicinities of Armada Town-

ship , Macomb County and Ida Township, Monroe County.
These lands represented a range in topography and soil
conditions believed typical of potential land trea tmen t
sites within Southeas tern Michigan. Tho se s it es were
used to develop design alternatives f or irrigat ion
method , underdrains , farming , wa ter transm iss ion , and

other components of the irrigat ion and co llect ion f a-
cili ties necessary for land treatment of wastewater.
The work on developing design alternatives along with

• preliminary site selections constituted Phase I of the

s tudy. This phase was comple ted within 60 calendar

days and was summarized in the Advance Copy of the Pre-

liminary Report submitted to the CORPS. The Prelimi-

nary Report, covering the Phase I work in greater detail ,

was forwarded wi thin an additional 30 days .

Phase II consi s ted of develop ing des igns and co sts
for irri gat ion and collec tion facilit ies at f ive loca-
tions . Designs used at these five locations were
selected from the design alterna t ives developed in

• Phase I. This Final Report covers both Phase I and

Phase II work . Time available for completion of the

study was 183 calendar days .

1-6 
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SECTI ON II
WASTEWATER IRRIGAT iON SITES

SUITABILITY OF LANDS

Sizable land areas are required to renovate the

wastewater produced within Southeastern Michigan . Hence ,

lands were examined for functional and economic merits

in Tusco la , Huron , Sanilac , Lapeer , St. Clair , Macomb ,
Lenawee , Wa shtenaw , and Monro e coun ties in Michi gan and
in Fulton and Williams counties in Ohio. Lands were

examined for potential wastewater treatment sites in

only the above counties .

Soil characteristics selected to give functional

accep tabili ty for wastewater renovation were:

1. Mineral soil rather than organic soil. Small
isolated areas of organic soils exist in South-
eas tern Michigan. These areas were rejected
to main tain un i fo rm i ty in the eng ineering de-
si gns and agri cul tural  programs requ ired f or
the mineral soils. Organic soils have poorer
load bearing capaci ty and perh aps lower
affinity for certain wastewater constituents.

2. Medium texture. Soil adsorption of constituents
from solution generally increases with clay
frac tion and organic matter contents (82 ) .
Med ium tex ture soils w ere selec ted as bei ng
optimum for both adsorbing wastewater Consti-
tuents and having accep table wa ter perme abili ty
rates. Coarse texture soils such as sands and
loamy sands (Fi gure 11-1) have lower clay con-
tents and hence a lower prob ability of adsorbing
wastewater constituents. Fine texture soils

11-1 
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Figure lI-i . Diagram for determining USDA textural
name of soil (50). Silt and clay percentages for the
soi l, under consideration are located on the silt and

• clay triangle sides , respectively . Lines are then
projected inward . For silt , the line is projec ted
parallel to the clay side of the triangle. For clay ,

• the line is projected parallel to the sand side . The
name of the compartment in which the two lines inter-
sect is the texture name of the soil.
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such as c lay, si lty c lay, and s andy cla y adsorb
the cons t i tuen ts  but  u s u a l l y  have  low permea-
bilities making them unsuitable for land treat-
ment of was tew ater.

3. Permeabilities exceeding 0.6 in/hr in surface
soil horizon and 0.2 in/hr in subsurface hori-
zons. This surface horizon permeability permits
adequa te ini tial uptak e of was tewa ter. The
subsurfac e hor izon perme ability is minimal to
ma intain accep tab le per fo rm ance of the ti le
drainage system.

4. Crop growth potential. Plant growth is required
to assist the soil in wastewater renovation.
Hen ce , toxic soil concentrations of alkali or
other materials must be absent to insure crop
produc tion.

5. Depth to bedrock exceeding 10 feet. This depth
is desired for installing t~ie underdrain system .
At least five foot depth of aerobic soil is de-
sired for wastewater renovation .

6. Level to gently rolling topography with mini-
mal woodland. Six percent was selected as the
upper limit for acceptable slopes. Areas with
predominant s lopes exceed ing 6% increase the
difficul ty and cost of constructing an under-
dra in  sys tem and con tro l l ing so il eros ion and
w ater runof f .  Irrigation systems requiring
graded surfaces are adverse ly aff ected by s tee p
slopes . Minimal land leveling and woodland
clearing are desired to reduce site preparation

• costs.

So il charac teris ti cs were dete rm ined fr om pub-
lished soil surveys , unpub l ished soi l data pos sessed
by local Soil Conserv at ion Serv ice groups and from geo-
logical s tudies sponsor ed by the CORPS. Addit ionall y ,

field inspections and interviews with local and state

universi ty personnel were conducted to verify certain

soil charac teristics .

11-3
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Published soil surveys (recent years) are available

for Sanilac, Lapeer , Macomb , and Lenawee counties . In-
terim soil surveys were obtained for Monroe , St . Cl air ,
and Washtenaw counties. In these counties , soi l mapping
is incomplete or is in progress. Only general soil

association maps were obtained for Tuscola , Huron , Ful-
ton and Williams counties. Detailed soil surveys are

in progress or have not been made recently for these

latter counties . More soil and other information is

available for some sites than from others . Consequently,

degree of confidence on was tewa ter renova tion suitability
is higher for some counties than for others .

In selecting potential sites , lands pro jec ted for
1990 urban growth areas or presently containing sizable

villages , t owns , c i t ies , etc. were avoided as much as
possible. Further , land areas wi th accep table soil
charac teris ti cs but sma ller than one township (~.-36
square miles) in size were not selected as potential

sites .

SELECTED SITES

The sites selected as being suitable for wastewater

treatment are shown in Figure 11-2 . Substantially all

the land contained in these sites is considered to be
usable for wastewater irrigation. However , the net

area actually available for the construction of irriga-

tion systems is reduced by allowances for “buffer

strips” bordering major highways , railroads , s treams
and irrigation site boundaries .

11-4



I

) •

~ ~rl ~ I~ I i ~~~~~ ~~V
o•~ ~~. - ~6i- -

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

çi~ -f ,ci.:937~ ‘~ 
I I ° ~~ (~ 

I i 
~-t-

~~irf~
i 
~~~1 134 

_ _

- - 

~~~~~~

L ~ 
~~~~~~~~~~ - - .-.4_ - — 

O_~~~~1 
~
. I -

141L ~~~J

.U!j!LLL J.LU 
~~~~~~~~~~~~~~~~~~ iTh~~~~~~~~~ T
T

r 
~ 

.
~~~~~~~

.

L~~~ DJ.



~~~~~~

—----—

~~~~~~~

--
•- • --,— 

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

S

I-z

C,,

~~~~~ $~fl
0

- - --~ 
-j I / {%4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i
~H~iE ~~~~~~~~~~~~~~:4 S 

~ 

•

~~~~
_ f  

S

i~

- 

~~II ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

~

- -

~ 1T~ 4 
1

I;” 

f

i

j

i

~~~~~~ ~~~~~

j  J ‘~0l J ~
r~~’ 

IIJ
~~

II
~~~~~~~~ ~4

I -I
~ ~~~~~~~~ 



~~ lFrlririlllL — ~~~~~~~~~~ .— ~
_
~_ _ _ •  — ~~~~~~~~~~ • —. .~~~~~~~~~~ _ • • — . _ •



‘1

St. Cla i r  Si te

The St. C la i r  s i te  (Fi gure I I - 2 )  has i ts s o u t h e r n
boundary in Macomb County where it includes half of Ar-
mad a Townshi p and about one-fourth of Richmond Township.
The major portion of the site exists in St. Clair County,

consuming al l or por t ions of the fo ll owing townsh ips:
Ber l i n , Ri ley , Wa les , Mussey ,  Emmett , Kenockee , Brockway

and Greenwood. The northern extension of the site into

Sanilac Coun ty in clud es all  of Frem ont Town sh ip and small

por tions of Vall ey ,  Melv in , Elk and Bue l townshi ps. A

large area northwest of the St. Clair site was reserved

for potential sludge disposal use.

So ils in the Macomb Coun ty por ti on of the si te
belong to the Conover-Parkhill-Locke soil association.

Th ese soils are descr ibed as “nearly level to gently

slop in g , somewhat poorly drained and poorly dra in ed
soils  th at have a modera tely fine textured and medium-
textured sub soi l;  on up lands ” (48).

The St. Clair County portion of the site is charac-

terized by the Conover-Blount-Parkhi ll-Metamora soil

associa tion de scr ibed as “s omewha t poorly and poor ly
drained , level to gen t ly slop ing loamy soi ls” (69).

The soils of the site in Sanilac Coun ty belong to

the Parkhill-Capac soil association . These soils are

nearly leve l to undula t ing,  very poor ly to imperf ectl y
drained , dark gray ish-brown to black , neu tra l and m i l d l y
a lka l ine sandy b arns , b arns and clay b arns (64).
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A prominen t sandy beach ridge at the southern
boundry of the site in Macomb County separates it from

a few square miles of potentially useful site land be-

tween the towns of Armada and Ray Center. The rest of

Maconib County has undesirable soils , rou gh top ography
or is presen tly urbanized or projected for urban de-
veb opinent .

The wes tern part of St. Clair County was omitted

because of organic (muck) soils , and Hoytville and Nap-

panee soils that are present . The latter soils are con-

sider ed to be too imperm eable for eff icien t use w ith an
underdra in col lec tion sys tem. The easte rn and sou thern
portions of St. Clair County were considered unsuitable

areas b ecau se of urb an pro jec tions, undesirable soils, or
topogr aphy.

In San i lac Coun ty,  a random distribution of organic

soils discouraged th e selection of considerab ly more
si te  land. A long th in stri p of po ten tial ly usefu l
s i te  land runs para l le l  to and just inland from the

• eastern shore of Sanilac County . This area was not

included among preliminary site lands because of its
narro w wid th and much of its topography is somewha t

r ol l in g .

Monro e Si te

The indica ted si te includes subs tan tia l por tions
of Ida , Rasinville and Exeter townships and small par ts
of B edford and LaSalle  townshi ps (Figure 11-2).
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Soils are primarily the Selfridge-Pewamo complex

on leve l to gen tly slop ing topography. Se l f r id ge is
somewhat poorly drained with 20-40 inches of loamy sand
over clay loam , about 10-18 inches thick , over calcareous
loam to light clay loam. Pewamo is poorly to very poorly
drained wi th a loamy surface layer over clay loam to
si l ty clay loam. Calcareous clay loam to s i l ty cl ay loam
occurs at a dep th rang ing from 30-42 inches . These soils

are mixed toge ther throug hout the site (74).

Southeas tern Monr oe Coun ty,  in cluding much of the
indicated si te, is underlain wi th a frac tured l ime stone
bedrock that approaches the surface near Lake Erie ( 7 4 ) .
Groun dw ater quali ty is a recogniz ed problem , especial ly
in the Ida area.

The area east and south of the described site is

projected for urban development . An area with acceptable

soils northwest of the Monroe site was reserved for po-

ten tial  use as a sludge disposal site. The remainder

of Monroe Coun ty has undes irable soils , some quite

sandy , and topograp hy is objectionable in some areas .

Lenawee S i te

A rel ati vely sm all potent ial s i t e  is loca ted sou th-
• eas t of Adr ian in Lenawe e Coun ty ,  involving Palmyra ,

Ogden , B l i s s f i e l d  and Deerf ie ld  townshi ps.

L 

Macomb is the primary soil indica ted in the soi l
associa tion described as “level and undulating , imper-
fec tly and poorly drained soils developed in deltaic

• 11-8
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•

and lucus tr ine  deposi ts” (78). Macomb and Brady soi1s

occur together throughout much of the Lenawee site.

There is much more land in Lenawee C oun ty tha t h as
level topography but the soils were not appropriate.

Nappan ee and Hoy tvil le  soi ls were the main r eas ons f or
rejecting many of the leve l lands .

Huron - Tusco la Si te

A long continuous belt of nearly level topography

inland from Lake Huron , accounts for the major portion

of a large site in Huron and Tuscola counties . The

townships involved in this site are as listed.

Huron County Tuscola County

Sh erman Lake W isner
Par is Hume Akron
Si gel McK inley Colum bia
Sand Beach Ch andler Elmw ood
Lincoln Me ade Gilf ord

• Bboomfield Fair Haven Fairgrove
Rubicon Winsor A lmer

• Dwight Oliver Denmark
I-Iuron Sebewain g Juniata
Casev il le Br ookf ie ld
Col fax Gran t
Ver ona

The site so i ls in Tuscola and nor thern Hur on coun-
ties belong to a soil association described as poorly

drain ed soi ls w ith a loamy surface layer over c al careous

• b arns or clay b arns ; on till plains . Soils include vari-

an ts of Lond o , Tappan and Parkhill .

11-9

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

•- • - - - - - •  ‘ • - - ---- —



~irr 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— — -- ---— •-.-—---- -- ---— --— • --—----— .—--•- • --.—-

- 
. Other major soil associations are present in the

Uuron-Tuscola site but in relatively smaller amounts .

The Kibbie-Co].wood soils are level to gen t ly slopin g ,
somewhat poorly dr ain ed and poorly drained soils with
a loamy surface layer over stratified silt and fine

• sands ; on lake plains and outwash plains. Similar

soi ls associa ted in a natura l topose quenc e are the
poo rly drained to very poorly drained , dark-colored

Bach soi ls , the imper fec t ly  drained Sanilac soils and
the moderately well drained Gagetown soils.

Another soil association present in relatively

smal l amoun ts is charac terized by Boyer and Mance lona
soils. These are well drained to moderately well drained ,

level to undula ting soils on outwash pl ains , l ake  p la ins
and moraines . The surface sandy loam or loamy sand is

underlain with loamy to clayey material , sand and gravel.
Another soil association present to a limited extent is

• represen ted by losco and Br evor t soils , wh ich are po orly
drained sands over clay loams (71,42 ,72 ,17).

Other site prospects in Huron and Tuscola counties

were rejected mainly because of topography, soi l  permea-
bility or both .

Fulton-Williams Site

The si te includes all or por t ions of the fo ll owing
townsh i ps :

h - b



• W illiam s County Fulton County

North West Madison Gorham
Florence Jefferson Frank lin
Bridgewa ter Mill  Creek
Super ior

Soils of this si te belong mos tly to two c losely
associated soil areas , Morley-Bbount and Bbount-Pewamo-
Morley . Within the site , the soils occur ma inly on
nearly level to gently sloping topography, have loamy
surfaces over sil ty clay or clay loam subsoils , wi th
a sub stra tum of hi ghly calc areous clay loam ti ll .
Bboun t and Pew amo ar e imp erfec tly and poor ly dra ined
and Mor ley so ils are moder a tely wel l  dra ined ( 68 ,7,19).

Wi ll iams Coun ty so il areas ou tsid e the ind ica ted
site , contained soils that were too impermeable or

too sandy . Much of the unused portion of Fulton County

has accep table topograp hy but a predominance of sandy

soils .

Washtenaw County (No Site)

Only a few square  mi les  of pot en tial si te land
could be found in Washtenaw County . The amount of such

land presen t  in a g i v e n  area  was not j udged to be enoug h

to ut i l i ze  eff icien t ly in the proposed wastewater dis-

posal system (75 ,76,85).

L l I - l i

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



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
________ • 

I

SUMMARY OF PREDOMINANT SOILS

Mos t soils found wi thin the was tewa ter irr iga tion
sites are medium to fine textured (Table 11-1) and are

poorly drained. From a texture standpoint , these soi ls
are believed capable of renovating applied wastewater .

The soils have permeabili ties exceedin g 0.8 in the sur-

face horizon and a minimum of 0.2 inches per hour in

subsurface horizons. Wi th a functional underdrain system ,

these soils are believed capable of receiving an average

of two inches of wastewater per week plus norma l rainfall.

F

11-12



-

4) ~~ Ui 03 Ui Ui 00 Ui C) Ui C) LI) 0 0 0 0  C) Ui 00 LI) C) 03 U)
. 5U) ~~ r-.~ C) r-3 r-~ C) (“-1 LI) (“1 U) 

~~ C) C) U) C—J C) -~~~ LI) C) r-~C) .,.4~~~~
~4..) ,~~~ tJf I I I I I I I I S I I I I I I I I

c~~~Q)
Cl) C) ~~ 00 (“1 00 00 (“1 00 LI) 00 Ui 00 C”l (“1 Li) 00 (‘—1 03 U) 00

~~ C) C) C) C) C) C) (“1 C) (“1 C) C) C) (“J C) CI C) r’1 C) C)
0 C) ’-4

—I ~~~~~~~~~
4~)

0

‘.4 
~~~4-4

0
‘.4 E U s-IU)
4.) 0 - >.

s-I E
4) 0
4.) —
U) s-I

C) U ~~. -
s-I

4.’ U 04) —i
U) U)o E E ~~ 4) >~c~ r-4~~~~ c~~c~ E •‘

~~~~~~~o 0 0 0 .‘-+ ci~ O O c ~0 . 4  ‘-4 s-I U) 0 s-I s-I 0 c~ 0
— 0. CI) ‘-4 ‘-4 U) —

~~‘ ~~‘ ~~‘ ~~
,
‘ ~~~~~~~E~~~ E~~~E E~~~ -~ ~~~~~~~~— .~~I ~~~~~~~~ c~~~c~~~c~ ~~~~~~~~ c~~~c~~~c~3 ~~~bO~~~ c~ ~~~~~~~~0 s 0  0 4 ) 0  c~~O~~ 0 4 ) — I  ~~~~~~Q ‘-4 s-I O~~

4) O~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~ U)~~~~~~ C/~ I-~~~~~~~~U .-J~L) .-~ f.L.L) .~~~ 1
.5-4

F— f-I IE .—~IU 0 C) U) ~“1 CI CI (‘4 ‘.0 0 C’1 C) CI 00 (“1 ‘.0 (‘-1 CC C) (“-1 ~~~ 00
U I~ U C) -4 t~ 3 ‘.0 ,-~ t~~ , ~~ ~~ 

.
~~ ~~ ~~ ~~~

. ‘.~~ -4 ~~Ci ~~~~~~~
~~~~~ I I U U S I I I S I I I I I I I

U) .~~
• I 4

~~~~~s-I 4.) ~~ -4 C) (‘4 CI C) (“1 ‘.0 CI e’1 C) C) 0 00 0  CI ‘.0 NI 00 CI (‘-I ~~~
~~ tJ) s.../ ,—4 l4’~ s-I ~

) s-I NI NI NI t~’) ~~ s-Io 4)
C/) ~~~

4)

~ 4.’
.5-4

• 0 s-I C~
~~ .~~~~~4 f-~ ~-4C) E~ 4 C) “-4 4.’ 0

00 ~ C) u0. ~~~ C/) 0 .~ ,~~~C) f-~ U 0 4.’
4.4 0 0 ‘-4 4)
0 0. 0 0. U

S..

5-.
E ‘s-i
E C) c~4.) -4
U) “-4 U

¶1)

• 4.’
U)

L 11-13

_ _ 
~---•~~~~~ -- -



,
~~~~~~~~~~~~~~~~

—
~~~~~~

---—  

_

I I

~~~f . CI I C) C ) I
4.) ~~ • LI) 03 LI) 0 0 0 0  I CI Ui LI) • U) • I U) LI) 00 Ui Ui 00 LI)
.s4 0 C ) ..  ..  . 5  . . • C) .C )~~~ •~~~ .
s-I ~~ s - 4  NI C) (‘4 C) C) I Ui NI NI s-I NI s~I I NI NI CI NI NI CI NI
‘s-I ”... I
.0 11) I I I I I I I I I I I I I I I I I I I
c~~~C) I I
C) ~~~ C) CO NI 00 (‘4 NI I LI) 0 0 0 0  Ui 00 I 0 3 0 0  (‘4 00 00 NI 03
E U  . . . . .  . 1  • . .  . .  I . .  . .
5-s ~ Ui CD CI CI C) CI I (‘4 CI CI NI CI I CI CI CI CI CI CI CI

I I

0.’—’ I 4
I I
I 0 I
I s-I I

I I
I I -
I s-I 1
I U U ) I  5..
I 

~~~~~ ‘ 0E ‘ >.. (~~~~~I C’)
I — 5 . 4 ’0 I s—I ~~~~~ I E E U.)

‘-4 I U) I

I ‘ d l  0 0 ’s-I~~~I ~~~~ I —
I ~~~~ I U)

s-..I I I ~~..C) U >-. I ‘ d l
f-s I ~~~~~ I s-I Cl)

4) s--4 I (~~~~~I U 00 ’s - I ’s-I
4-’ U I 11) 1 0 — U)’ -.-4

bU I I 4)E .0 
~~

-‘C) ‘d ~-I - I E E ‘d E ’d  I 4.) 4.”d >—.
F- ~~~E ’-4 E E l  (~~~ CC~ ~~~~~(~~~~ C ) I  E bOO s - I s I C ) 5 - s

~1 C ~~~~I 0 0  ~~~ 0 . i  C~~~~4 s--I 4) .s-4 .s.4 .,~4 Q )
< U) 0~~~ 0 0’  s-I s-I U) r-4 4.I I 0 ,-I C) U ) U ) 4 - I>
~~ s 1  0 s-I s-I I ..4 I 4.) C/) . s-I

• U) I >%~~~~~ ~~~~~~ -~~4 ) I  -—  ‘— I

~ ~~~~~ E~~~~. . s  ‘d~~~ E E’d~~~~~ I E~~ -. E s- I
~~~~~ C~~~C~~~C~~~I ~~~~~~~~ C~~~~~~S.. ’ C~~~C~~~C~~~U)
0 s - 0  O s - I s-I l ~~~ 4 ) 0  Q~~~~~~~ 4 ) I  0 0  0 C ) ” . 4 4)

~~~~~~~~ . - W O I  U)~~~~~ .~~C / ) U ) I~~~~~ U . -~

E ~-4 I I

0 U) U) I C) NI CI s-I ~~ 00 I v-I C) NI NI CC C) I CI CI C) ‘-I C) ~~ NI
5-. U C) j NI ~~~‘ ‘.0 .4 F ’) ~~~‘ I s 4  F ’) ~~~‘ NI ~~ ‘.0 I s-I NI’0 s-I s-I F ’) ~~I I

4-4 01 I I I I I I I I I I I I I I I I I I I I I
I I

4.’ ~~~I 4 J  C IC )NJ  CIs-I’~’ I C I s. 1 C I  C) N I O C  I C IC IC )
0. C/) ‘—1 NI ~~~‘ s-~ F’) I s-~ ~~ (“4 ~~ - I s-I (“1
C) I I

I I

11-1 4

• • • • - • -~~~~~~~-_ -~~~~~~ •_ _



_ 
C) CI I

S.. CI • CI 00 C) CI CI • I
4-) ~~ U) 00 Ui • C) C) C) • • - . 00 • C) C) Ui I
-s-i 0 - • . . — C) C) C) CI • C) • —4 • I

s-I = NI CI NI s-I Ui Ui A s-I s-I s-I CI s U) A (“4 I

‘s-I ’.’,, I

~~~~U) I I I I I I I I I I I I I I

CU C.)
C) ,C 00 NI CC U) Ui Ui CI NI C) (‘3 CD LI) CC I

E U  • . • • • • • . • . -
5-s CI CI CI NI NI NI LI) C) LI) CI Li’) NI CI I

0.’—’

CU >‘., I

U) (~ I

CU U) I

4~14 )  — 0 I

C) — C) I
-p 4 ’s-I E~~ 

I

11) 4-4 C U C U  ~~‘-. ‘s-I I

0 5 - .  s-I I

E -~~~ s - I b U  v-I I

C U E S . .  Cl) I

O C U G) >‘.‘d ~- E I

CU~~~ CU CU I

— CU 1 0 I

U bO —
C) E s-I I
5.. s - I  CU ~~~ ~~ ‘d CU CU ‘d C) I

~ 0 0 ~ ~ -
~~~U) CU — — CU CU
CU I

C) 4 )’d~~~~ ‘dEU )’d  ‘d >‘. ‘d >‘. ‘d E b U .  I

F- ‘-I CJ CU ~~~~CU 4) ~~ CU ~~ CU ~~cU E ’-s- I -s- l U) C U 0 ~~~~ -s-l CU — CU s-I C U 0 ’ ~~~~C U l
U) 4-I U) — — ‘+4 U) U U) U U) -i ~~ 0 I

“4 4) s-I -s-I ‘d CU s-I I
U) 4 ) 4 )~~~~ ~‘-,>- .U) 4)  ~~~~~~~~~~~ >-. >‘s >-,~~ i”. I

~~ E.C~~ C~~’s-4 E’d~~ . C U E C U 4) E’d 4 -~ E’d ’ d~~~~” I
CU bØ f-. 4-I CU~~~~~ cU S.. CU U) s-I CU~~~~ s-I cU~~~~~~~~~~~~ C U I

O~~~I4 - ~ O C U S-i 4.’ 0 “ -4 O C U ’4 O C U C U s - I I
~~~~~~~~~~ .-I C/D C~~~C/) .-~ Cl) .-~~C/) (/) ..-~~U ) U ) U I

E 
_ 

I

0 Cl) U) CC ( ‘400 Ui ~~ 000 CC C) •~r CI (“4 NI 00 ~~- ~~~
- I

5-s 0 4) s-I F ’) sd’ s-I (‘4 F ’) ~~ ‘CU’ ‘.0 s-I F ’) ~~ ‘ N) NI F’) ~~ I

4—I C.) I I I I I I I I I I I I 5 I I I I

4-) ~~ I—i CI 03 NI CI LI) ~~ C) CI CC C) ~~ ‘ C) CI NI 00 ~~ I

0.. CI) ‘—‘
j v—I F’) s-I NI F’) ~~ s-I F’) NI C’-) F’) I

• C) I

4.)

‘d CU CU I

4-’ ‘~- I s-~ ‘d 0 4-) I

s ’s-I 0 v-I I
0 0 0  0 C) 0 0 I

C.)  ‘d Cl) ~ C) U U ~~‘ I
Cl) — (1) C) I

5-. 0 0 CU 0 f-s I
C.) — I

CU
I-I -I
1 4  0 I

4) 1 0  I
4) 4.) ~~~ U) I

— ‘-I o~~ I

.0 U) 5-.~~
-. I

11-15 



Ui 0 3 0 3
‘ — 0  -

(‘3 C I C I
‘v-I ‘-.,,
.0 U )  I I I

0 . 0  CC C’4 N I
E u  -
5..~~~~ CI C ) C )
4 ) —
0.’-- 

U

E
- Cl
E 0
CO —I
0

— ;;..~
CU

~~‘ —
C U E U
— CU

~~~ 0

6) E > ~~ .—~ 
,—

I-s C U C I CI 4) 4)
• O s-b ~. ~~

4~i U 0 0
• .0 .0

4) >~~>. >. Cl CU
F- C O 4 ) C U

U s--I .-4 U) Cl)
U ’s-l U 4) 4)

Cl) U) U)
Cl) ~~~~ 

‘.-‘ ~~~i

~D E4-~~-~
4)

CU — 0 s—b
0 ’s-I ‘-I
_~~U) U)

E
0 4 ) U) (“ 1 C)
5. 0 4 )  C’lF’) ‘.0

4-l U I I  I U

4) 4-4 C) C) ~-)

0.CI)’-’
C)

4-)

‘~~ CU
C O U )

4) v I
~~ ~~~‘s-4 4) 4-J Q
0 0 0  ‘~~~

C.) ~iU)  5-s Cl
‘—“ Cl) 0 0 ~s-I 4)

— 0. 0.

~~~ 
11-16



SECTION I I I
DESIGN METHODOLOGY

Several design alternatives are available for waste-

water application to the irrigation sites discussed in

the previous section . In this section , design altern a-

tives are presented for  wastewater application rates ,
irrigation methods , underdr ain sys tems , erosion and water
runoff con trol , and site-related facilities such as water

transmission methods , buffer  st r ips , reuse storage facil-

ities , and recharge outfalls . Costs for the alternatives

are given in Section IV. The selected alternative for

several components of the land treatment facility is dis-

cussed in Section V. Alternative designs were developed

for the southern parts of the St. Clair and Monroe sites.

These si tes are assumed to re pre sent soil , topograp hy,
and other condi tions li kely enc oun te red for poten tia l
ir r i gation sites. For the purpose of design selections ,

cer tain desi gns and cos ts were developed fo r  the sou the rn
part of St. Clair and Monroe sites. These desi gns and

cos ts ar e con tained in Appendix A.

WA STEWATER APPLICAT I ON

U Several land treatment facilities in the United

States operate year-round and/or apply more than two

inches of was tewater per week. But , an average waste-

water application of two inches pci- week for 35 weeks

(7 0 inches /year)  wa s selec ted as b ein g op t imum f or the
Southeastern Michi gan Wastewater Management Program .

111-1
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The average seasonal period for wastewater irrigation

is expected to be April through November. The main

factors affecting the selection of the rate and duration

of wastewater application were soil characteristics ,

cl imate , crops to be grown , and the quali ty of app lie d
wastewater and its desired extent of renovation. U

The soils of the wastewater irrigation sites are

medium to fine textured , mineral soils with permeability

to water exceeding 0.8 inches per hour in the surface

soil horizon and a minimum of 0.2 inches per hour in

subsurface soil horizon s . Soi l charac ter ist ics wer e
discussed in the previous section and we:e summarized

in Table 11-1. These relatively level soi . ’ frequently
U 

are “wet ” wi th groun d wa ter f l u ctua tin g f r om near  the
surface in the spring down to around 10 feet later in

the year.  Farmers frequen t ly ti le drain these soi ls to
produc e agricultural crops . Even where the subsurface

soil permeabilities may be as little as 0.2 inches per

hour , a func t ional underdrain sys tem should rem ove ex-
cess soil  wa ter ra p idly enoug h to p ermi t two inches of
was tewa ter app l ica ti on in addi tion to norm al r a inf a l l .
If abnormally heavy rainfal l  occurred , lagoon storage

could provide temporary delay in wastewater application .

Con s idering only soi l  permeabili ties , more than two U

inches per week of wastewater  can pass th rough  the so i l
ma trix providing reasonable soil infiltration rates ,

ti le drainag e ra tes , and irrigation rates are ma intained.
Unfor tuna te l y ,  soi ls  wi thin the po ten t ial irri gatio n
sites are susceptible to surface slacking which reduces

water infiltration rates . Additionally , monovalen t

111- 2
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cations (especially Na) contained in the applied waste-

water  tend to disperse the surface soil , thereby re-

ducing infiltration rate. Such infiltration rate reduc-

tions tend to enhance prob abi lity of excess iv e wate r U

ponding and water runoff without proper wastewater 
U

renovation. Due to the low permeabilities , the soils

are expected to be wet much of the year with an annual

application of 70 or more inche s wastewater. Such wet-

ness could i n f luence  crop yiel ds , limit the depth of

aerobic soi l , and al ter soil  chemi cal and physical

properties. Considering the above soil characteristics ,

the average application rate of two inche s per week is

selected as being the upper limit for the potential

irriga tion si tes und er con sidera ti on.

The climate of the Southeastern Michigan area has

above freezing mean weekl y tempera ture s f r om abou t mid-
March to the last week of November (81,87). The grow-

ing season or average length of the freeze-free period

ranges from about 150 to 180 days (22). However , with

average daily temperatures and soil temperatures above

freezing, the irrigation season could be somewhat longer

than the growing season . The normal period without

signif ican t snow cover v ari es from ar oun d mi d -~’larch or

April 1 to about Decei~ber 1-15 . Thus , 35 weeks was

selec ted as the optimum irrigation season.

Crops selec ted inc lude  per enn ia l g r a s se s  and
legumes. This permi ts the maximum seasonal use of the

“liv ing f i l ter ” for wastewater and soil renovation. The

perennial crops (particularly grasses) are especially

valued to take advantage of early or late season warm

periods and to minimize the need for cultivation .

111-3
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Nitrogen is considered the most limiting wastewater
• constituent. The nitrogen content of 20 ppm in the waste-

water contributes 315 pounds of nitrogen to each acre of
U soil receiving an average of two inches wastewater per

week f or 35 w eeks.  The “living filter ” is expected to

remove 85~ of the nitrogen and 15% would be discharged

with the drainage water (82). If the underdrain discharges

ab out 70 inches of wa ter annual ly ( irr igation water plus

rainfall less evaportranspiration ), then the nitrogen con-

tent of the tile drainage water would be approximately

3 ppm (20 ppm x 15%). This just meets the CORPS goals

of <4 ppm NO 3~N* and NO 2-N in the renovated wastewater.

Perhaps 85% nitrogen removal is ambitious for the South-

eastern Michigan Wastewater Management Program if 315

poun~’1s of nitrogen are annually applied. To achieve this

n it rogen rem oval , denitrification must be about 30-50%

and crop uptake of nitrogen must annually exceed 100-150

pounds per acre. Thus , 70 inches of annual wastewater

appl icati on is be l ieved  the upper limi t f or a safe  n itro-
gen loading. Appl ica tion of more than 70 inch es of
was tewa ter resul ts in ni t rog en loadin gs exc eed ing 315

pounds/acre/year.

The app l i ca t i on  ra te  of two inches per week  i~ in
agreemen t wi th spray irr igation recommendations evolved

from the Pennsylvania Sta te Un iver si ty s tud ies ( 58 ,59L

Soils in these s tudies have sim ilar tex tur es bu t p erh aps

hig her permeability rates than soils in the Southeastern

Michigan irr iga t ion si tes .  Bu t , the Penn State irri ga-

tion s it e did no t have an underdrain sys tem l ik e th at

proposed f or the Michigan irri ga tion si tes.

*Assumes al l nitrogen undergoes nitrification.
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• 1 I RRIGAT I ON METHODS

Spray irriga tion and two other irr igation techni-

ques were examined for wastewater application to lands.

Spray irrigation received major attention while other

techniques were briefly examined.

Center pivot irrigation rigs with laterals up to

1450 feet long were investigated for providing spray
U 

irri ga tion. These r igs produ ce ra ther  h igh water appli-
cation rates , especially toward the end of the lateral.

A fixed set sprinkler system was also investi gated as

ano ther form of spray i rr igation . U

Graded border and furrow irriga tion were selected

as the other techniques for  app ly ing the wastewater .

Bo th techni ques might be considered a form of overland
runoff as defined in the CRREL Report (82), except the

percolate is collected in underdrains .

Rapid infiltration was judged unacceptable because

of the low perm eab il ity of mos t Southe astern Mich igan

soils.

For designing and cos t in g purposes , a f our square
mi le modul e was developed for  each i r r igation techn ique.

All irrigation equipmen t , pi p ing , pump ing and other re-
quirements  were  desi gned and co sted for the module. A ll

ir r iga tion techni ques were des igned to apply a maximum

of three  inches of was t ewa te r  per w e e k .  However , waste-
water applications are expected to average two inches

111- 5
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per week for 35 weeks . Wastewater irrigation is not
A expected to be applied during the w i n t e r  m o n t h s  of

December , January , February, and March.

Cen ter Pivo t Irri gation Sys tem

The cen ter p ivo t irriga tion sys tem is a se lf -p r o-
pelled la teral which irri ga tes a circul ar area.  The
sprinkler la teral is suppor ted by whe eled towers and
by steel trusses or cables between the towers . The
irrigation water comes to the pivo t poin t by und er g roun d
pressure mains from a central pump ing Station. Spr ink ler

U 
s ize  and discharg e ra tes increase from the pivo t ou t to
the end of the lateral.

U The systems can be power ed by water , oil-h ydr aul ic ,
or electric motors . The electric motor drive with worm
gear at the wheel is r ecommended becaus e of re l iabi l i ty,
ease of start-stop control , and low main tenance. P ower
and control cables will come underground from a central
control house to the pivot points .

The wheeled towers are available with steel wheels ,
rubber trac tor tires , and if necessary , low-pressure , high-
flotation rubber tires . The rubber tractor tires should

be adequate for the sites studied in Southeas t Michigan.

The i r r i ga t ion  wa te r  can be d i s t r i b u t e d  from the
sprinkler la teral by either spray-typ e nozzles or by
rotating impact sprinkler nozzles. The spray - type

nozz le s  are located 
be1::

~::e 

sprinkler lateral and are 

U



poin ted downward. Th is arrangemen t m inimizes ae roso l

drif t , bu t cre ates a r ather narrow spray pa ttern (a pp roxi-
• mately 20 feet). The rotating impact sprinkler nozzles

are mounted on top of the sprinkler lateral. This creates

grea ter aerosol drif t, bu t g ives a wid er spr ay pa ttern
(approximately 100 f e e t ) .  The spr ay or spr inkler nozz les
near the end of the lateral can be controlled automati-

cally to shu t off when the later al en te rs an overlap zone .
This will prevent excessive d~~,tribution of water in the

over lapp ing zones.

• The water application rate (inches/hour) is a func-

tion of the sys tem desi gn capa city ( inches /w eek) , time

allotted for irrigation (hours/week) , di stance f rom the
pivot, and the width of the spray pattern . Application

rate is not a function of the rotational speed of the

lateral (revolutions/unit of time). Calculated applica-

tion rates are shown in Table 111-1 for a system desi gn ed
to apply two inches of water in five days . At a distance

of 1300 fee t from the pivo t, the 20-foot wide spray pat-

tern takes 17.7 minutes to pass across the fixed point

on the ground when the ro tational speed is 1 r ev/ l 20
hours. During this one pass , two inches of water are
distributed at an application rate of 6.9 inches/hour.

The 10 0:foot wide spray pattern takes 88.5 minutes to
pass acros s the same f ixed poin t, thus reduc ing the

• application rate to 1.4 inches/hour. Changing the ro-
U tational speed to 5 rev/120 hours reduces the amount of

wa ter applied per revolu tion , bu t the t ime re qu ir ed for
the spray patterns to pass a fixed point is reduced in

direct proportion ; therefore , the app l ica ti on ra te is
still the same .

111 -7
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The applica tion ra tes produced b y the cen ter p ivo t

irrigation system (Table 111-1) exceed the published

maximum irri gation application rates (45) recommended for
• the soils at the potential wastewater irrigation sites.

The excessive water application could cause soil erosion

and surface water runoff. Several factors will minimize ,

if no t comple tely elimina te , this potential problem .

• Irrigation periods of short duration (e.g., 3-40 minutes

as in Table 111-1) should favor higher wa ter infi lt ra-
tion rates for a particular soil. Generally , soi ls  have
higher infiltration rates during the first part of the
wetting period (Figure 111-1). Thus , i rr iga tion periods
of short duration should reduce soil erosion and water

runoff becau se of the hig her inf i l tra tion r ates .  Als o ,

• a cover crop imp r oves the in f i l t ra t ion r at es and min i-
mizes soil erosion .

Should the preceding factor s no t min im i ze the app l i-
ca tion ra te problem , excessive wa te r run off can be p r e-
ven ted by forming land cells (Figure 111-2) on the soil

surface. These cells capture potential runoff water and

cause the water to infiltrate the soil surface. Water

may be ponded for a short time in the land cells.

Three differen t module desi gns were develop ed for
this s tudy by vary ing the cover age of th e four square
mile module wi th irri ga ti on r igs .  These desi gns ar e
desi gna ted Cen ter P ivot Irr iga t ion - 76% coverage ,
- 91 % coverage , and - 95% coverage and are shown in
Figures 111-3 , 111-4 , and 111-5 , respectively. Land

coverage within a module was computed by:

(Land Area/Irri gation Rig) x (Nuniber of Rigs/Modu1e~ x 100 — % coverage
Land AreafModule

111- 9 
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The 76% coverage has the leas t over lap ; wherea s , the

95% coverage has the greatest ovei- lap . The 91% cover-

age modul e ut i l i zes  mor e th an twic e the number of irri-
gat ion ri gs as the other two modules .

p
Fixed Set Spray rrrig ation

A fixed set sprinkler system was investigated as

• another form of spray irrigation . This investigation

was conducted to provide an alternate spray irrigation

system to the center pivot rigs and their associated

hi gh water application rates .

The fixed set system consists of permanent under-

ground pipes delivering water to risers containing spray

nozzles . The system was desi gned with an 0.37 inch/hr.

application rate. Each nozzle sprays a radius of about

170 feet. Laterals are spaced at 100 feet to provide

the necessary spray overlap for uniform water coverage.

The desi gn for the fixed set system is contained in
Fi gure 111- 6 . The module is divided into 16 zones

operating individually off the central pressure main.

Each zone will operate for approximately 5.5 hours to

I’. apply two inches of water. A total irri gation time of

87 hours/week is required to cover the entire module.

Ei ght hours per zone and 1~ U hours/week are required to

apply three inches of water per week. The nominal line

pressure required at the nozzles is 70 psi.

Grad ed Border and Furr ow I r r igation

Gr aded bord er and furrow i rr igat i on me thods were
exam ined to provide alternates to spray irri gation .

111-15 
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100 ’ 50’

6 DI A LAT ERALS

SPRINKLER OVER LAP PATTERN

6~ D IAU L A T E R A L S  1 ,040 , 000’
24 ” DIA STEEL PIPE C U & W U  21 , 120’

30” D IAU S T E E L  P I P E  C . & W  
——  

21 , 120’

36” D I A .  S T E E L  P I P E  C .& W .  2 I , 120 ’
42 D1A .  S T E E L  P I P E  C .& W  25 ,940 ’

42~ MOTOR OPERATED VALVE 16

PUMP S T A T I O N  2276 H P .

S P R A Y  H E A D S  10 , 400

Figure 111-6
Design Module for Fixed
Set Spray Irr igat ion
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These methods show promise for the potential wastewater

irri gation sites primarily bec ause surface so i ls in
Southeastern Michigan have rather low permeability rates .

Graded border irr iga t ion (F igure 111-7 ) is a method

of applying water to land between parallel ridges or

borders . The strips of land between adjacent borders

have little or no cross slope , but have a grade in the

direc tion of irri gation . The parallel ridges are usually
U called levees. The strips of land between the levees

are usual ly cal led stri p checks .

The irr igation water is applied to the upper end

of the stri p checks fr om ei ther open d itche s or low
pressure underground pipes . The water travels by sheet

flow over the strips until infiltrating the soil surface.

The graded border me thod has tr ad ition ally r equired
much labor effort to apply and control the application

of the water. The water was applied by cutting notches

in dir t head di tches , installing individual siphon tubes ,
open ing wooden ch eck gates , and installing temporary check

dams . Con siderab le effor t in the past few years h as been
expended to develop automated water application systems .

The most success has been with systems that use low pres- -

U sure bu r i ed  pipelines with controlled outlets located

along the upper end of the strip checks . These systems

use standp ipes to p rovide the head and pneum at ic cu to ff
valves to control the outlets .

Another rather recent development is the return

water system used with the graded border method . The

11 1-17
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water application rate and slope of the strip are selected U

so that excess water reaches the end of the strip check.

I t is collect ed in a sump and pumped b ack to the head of
the strip. This assures all of the strip is irri gated

and the water is applied more uniformly along the length

of the stri p. This system is desirable where the supply

of irri gation water is limited or its cos t is hi gh.

For this study a combination of these various water

control techni ques were desi gned and costed. The head

laterals are designed as open concrete channels with

valv ed pipes delivering the irri gation water to the upper

end ol the check stri ps. The valves will be remotel y

con t rolled by timers that are set to suppl y the required

amount of water to the head of a check stri p.

Four of the head laterals will be in operation at

the same time for a period of approximately 15 hours.

With a total of 32 laterals per module it will require

120 hours per week to complete the irri gation of a module.

The head laterals are desi gned to supply a maximum

of three inches of irri gation water per week. The normal

application rate of two inches per week is achieved b y

vary ing the number of valved p ipes that are operating

during an irr iga t ion cy cle .

Furrow irrigation is very similar to the border

method except the water travels in furrow s graded down

the slop e and the dividing levees are not needed. The

furrows are about 40-42 inches apart. The irri gation

111-19
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water is directed to the head of each furrow by a gated

p ipe that is attached to the supply pipe from the he ad
lateral. The gates are located on the same spacing as
the furrows .

GROUN DWATER CONTRO L

U A groundw ater con trol sys tem is ne cessary to pro-
vide the aerobic soil zone needed for proper renovative
action of the soil. The control system should also pre-
ven t irriga tion gr oundwa ter loss from the si te by col-

U lecting the percola te and direc t ing it to con troll ed
discharge points.

A perforated tile underdrain system was selected as

the method for collecting the percolated water. The

sys tem consis ts of parallel perfora ted tile laterals
which tie into submains . The collected percola te f l ows
through submains and mains to a low-head pump station

U located on the lower edge of the drainag e module. The
- 

pump lifts the percolate into open canals which direct U

the percolate to the reuse storage facilities.

Present agricultural drainage practices (70) of

three to four foot depth to the drain and spacings up

to 100 feet will not meet the requirements of the land 
U

treatment concept.

A ditch along the perimeter of the land treatment

site is also considered for additional groundwater con - 
U

trol. This ditch , cut to a depth lower than the tile

111-20



drains , wou ld in tercep t any la teral movemen t of g r ound-
water away from the irrigation sites . This water would

be tested and if it does not meet the required quality,

it would be re turned to the in coming irrigation water

stream . Normal ly , this water would be expected to meet

the desired quality standards and it would be added to

the outgoing r enova ted w ater canals .

Observation wells are planned for monitoring the

deeper groundwater zones along the perimeter of the

land treatment sites. The wells will be located in

groups of thre e, cased and sealed so that three different
levels of groundwater can be sampled and tested. For U

planning pur poses , these groups are spaced approximatel y

three miles apart around the land treatment sites.

T ile Underdrain

Desi gn of the tile system was based upon the follow-

ing re quiremen ts :

- - maintain five feet minimum depth from soil
su r f ace to wa ter table

--  remove water at 0.5 inches/24 hours

- - maintain depth of tile laterals to 10 ft or less.

Tile drain spac in gs were c a lcul ated using the
Donnan (73) equation (Figure 111-8) :

S = fTi’ (b 2-a 2)

‘I
• 11 1-2 1 
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where:

S = dra in spacing in feet

P = soil  permeabili ty ( inch es/hour) . Use perm eab il ity
of horizon in which drain is loca ted un less hor izon
above has lower permeability.

= desired rate of drainage (inches/hour)

a = dis tance from drain to barrier ( fee t)
b = dis tance from draw down curve to barrier at m idpoin t

be tween drain s (fee t)
c = dep th to wate r table at midpo in t be tween drains

(fee t)

In~pervious Barr ier

If  the wa ter table is below the ins ta lled t ile
drains on a par ticular land trea tmen t site , a por t ion
of the applied was tewa ter could pas s b etween the ti le
drains and enter the groundwater. Hence , an impervious
barrier was considered for insur ing tha t a ll applied
wastewater is collected in the tile drains. The imper-

vious barrier is installed slight ly beneath the tile

drains. An asphalt barrier appears optimum for pro-

viding this additional groundwater control. Other

known barriers are more costly and/or fail to perform

adequately.

The concep t requires tha t a wed ge-shaped horizontal
plow bar be pulled through the soil at the desired barrier

depth. This plow bar creates a temporary cavity in the

soil. Fan type nozzles on the back of the plow bar spray

hot asp halt into the cavity forming a continuous asphal t
barrier . Subsequent parallel strips are placed in an

overlapp ing pattern which forms an impervious barrier.

111-23
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The asphalt barrier is an extrapolation from an

existing commercially available system (2) that has

been successfully ins talled to a depth of 2 . 5 f eet
in a san dy soi l .  The equ ipmen t to pl ace the asp hal t
barrier at the depth required by this project does not

exis t, but such equipment is believed to be technically
feasible.

Mod ular Desi gn 
U

A four square mile module was developed for each
underdrain system. The module , sam e siz e as an irr iga- 

U

t ion module , fac ilitated devel opin g des igns and costs.

Three separa te dra inage module design s were devel oped .
Two of the designs are based on the assump tion tha t the
water table will be at or above the installed depth of

the tile underdrain because of a na tur ally occurrin g

F impervious barrier. The third design assumes that an
ar ti f icial barrier must be in stalled below the dep th of
the tile drain.

The first design assumes a soil permeability of 0.2

inches/hour and a desired drainage rate of 0.02 inches

per hour. The resulting tile lateral spacing was approxi-

ma tely 33 fee t on cen ters (Fi gure 111-9). The 0.2 inches

per hour permeabil i ty is the lowes t found in the so il

prof ile.

The second desi gn assumes a soil permeability of

0.5 inches/hour and the same desired drainage rate.
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This des ign resulted in a tile laterdi spacing of approx i-

mately 55 feet (Figure 111-10). The 0.5 inches/hour
U permeabi l it y may be ma intainable if a good drainage system

is once installed and becomes operational .

The th ird desi gn assumes a soil permeability of

0.02 inches/hour , and an impervious asphaltic bar iier

ins tal led approxima tely one foot below the tiles. This

design results in a tile lateral spacing of approximat ely

16.5 feet (Figure 111-il).

SOIL EROSI ON AND WATER RUN OFF CONT ROL

A premise of the land treatment concept is that all

f secondary treatment effluent that enters the treatment

site must pass through the “living filter ” and that all

waters , including natural rainfall , must pass throug h

controlled and monitored outfalls before being discharged

U to public waters . Hence , soil erosion and water runoff

control mus t be practiced. U

Within the treatment site , the degree of eros Ha

control depends on the irrigation method. Land cells

(Fi gure 111-2) previous ly mentioned in connection w ith

cen te r p ivo t irr igation systems will provide adequate

erosion and water runoff control. If land cells are

no t used , traditional soil conservation practic es such

as terra ces , d ivers ion h erms , ground cover , etc., will

be used wi th the cen ter pivot and the fixed set irr i ga-

tion systems. Graded border and furrow irri gation sys-

tems do n ot requ i re  addi t ion al berms , ditches , etc. for

erosion control.

S 
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Some areas within the treatment site will not re- U
ceive was tew ater. Such are as inc lude buffer  st r ips ,
administrative and services facilities , and border  area s

U around stor age faci l ities . The natural ra infal l run off
from these areas will be controlled and routed to the

main collected percolate pump station . From this point ,
the water wi l l  pas s throug h the reu se facili ty al ong
with the collected percolate.

SITE RE LATED FA C I L I T I E S

I r r igation and drainage modules are basic to all
sites , the only variable be ing the number of modules
deve loped at each site. Other elemen ts of the land
treatment concept vary with the size and topography of
the particular site. These elements are discussed in

the following sec t ion s .

Surf ace Wa ter In tercep ting Ditch

Most of the land treatment sites intersect existing

surface drainage systems . To prevent uncontrolled sur-

face wa ters fr om en tering a tre atmen t site , an upland
in terceptin g ditch was deemed necessary . This ditch

can be located inside the boundry of a treatment site

or on easemen ts similar  to pr esen t coun ty drain practices.
These di tche s would diver t the upland surfa ce run off to
exis tin g drainage channels that by-pass the treatment

sites or pass through the sites in special corridors .

Many of the exis t in g ch annels would requ ire some co rrec-
tive work to improve their discharge capacities.
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Buffer Stri p

A buffer str ip or “transi t ion z one” is required
along the perimeter of the land treatment sites. This U

U zone would be used for fences , access and pa trol roads ,
signs , water transmission canals , groundw a ter con tr ol
ditches , landscap ing, aes the tic enhancemen t , and aero sol
drift containment .

A 100- 300 foot wide strip is required depending
upon the type of irri gation system selected. The center

pivot systems with impact sprinkler nozzles mounted on

top of the lateral and the fixed set sprinkler systems

would require the grea ter buf fer wid th in order to pre-
vent aerosol drift outside the treatment site. Graded

borde r and /or furrow irr iga tion wou ld require the leas t

wid th , becaus e they have no aerosol drift problems. The

cen ter pivo t sys tem wi th spray nozz le s poin ted downward
would require an intermediate width buffer.

The amount of aerosol drift is dependent upon wind

velocity, hei ght of spray pa ttern , and water droplet size.

The CRREL Repor t ( 82)  r efers to California stud y in which
a 5-10 mph wind caused the mist zone of a sprinkler with

a normal spray radius of 30 feet to extend downwind 105
U feet. The spray radius of the fixed set irri ga t ion sys tem

studied is approximately 85 feet. Another reference (57)

indicates that the zone of measurable moisture shifted

downwind approximately 10 feet due to a wind velocity

of 14.5 mph. The normal spray radius in the above ref-

erence was 61 feet. The extent of the “mis t zone” as
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compared to the “measurab l e mo isture ” zone was not g i ven ,
U but probably was considerably greater. Field testing

prior to detailed design should be undertaken to deter—

mine more p r ec isely the rel ationsh ip be twe en aerosol
drift and wind velocity.

Effluent Transmission to Irriga tion Modu les

The effluen t from the trea tmen t and storage lagoon s 
U

is assumed avai lab l e a t the upland border of the irri ga- U

tion sites. The effluent may arrive at this point either

by gravi ty or pump ing depending upon th e loc at ion and
desi gn of the treatment storage lagoons.

Wi thin the irr i gation si tes , the incoming effluent
flow s by gr avity in open canals to the pump stations
loca ted in each irri ga tion modu le. Dro p st ruc tures in
the canals will be used to control water elevations.

- The renovative concept is based on the irri gation

wa ter pas sing throu gh a t leas t f iv e fee t of aerob ic so il
and having a grow ing crop present to take up the nutrients

removed from the wa ter .  Ne ither of the se cond it ions would
exist for water lost directly from the incoming canals to

the groundwater system. The pervious nature of some of

the soils in the sites will require some type of lining

to preven t inf i l tra ti on of th e irri gation water into the

groundwa te r . Cl ay , PVC shee ts , and concre te w ere con-
sidered as al te rna tes for lin ing the cana ls .  Grav ity f low U

concre te pi pe was a lso con s idered for  d ist r ibu ting the U

effluent throughout the sites. U

111 -3 1
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Collec tion of Renova ted Wa ter

Af ter the effluen t from the trea tmen t and stora ge

lagoon s has passed throug h the “living filter ,” the

renovated water is collected in tile underdrain systems

and flow s by gravi ty throu gh subma ins and ma ins to the
lower edge of an underdrain module. At this point , the

collec ted percolate is lifted by low head pumps and dis-

charged into open canals for transmission to the reuse

storage facility.

Since the collec ted percola te has be en thr oug h the
renova tive cycle , it is not necessary to keep it separa-

ted from the groundwate r for con tamina tion reasons.

Therefore , unlined canals can he used for the col l ect ed
percolate transmission . Lining of these canals may be

required for short sections of highly perv icu s so i ls in
order to prevent hydraulic overload of adjacent under-

drains.

Lined and unlined canals and concrete pi pe w ere
cons idered for the col lec ted percol ate transmissi on
system.

Reuse Storage Facilities

Reus e storage ponds are loca ted near the perime te r
of the land treatment sites , at low drainag e poin ts , and

near streams or large bodies of water such as Saginaw

Bay , Lake Huron , or Lake Erie. The collec ted percolate

w ill he pumped into the reuse storage ponds from the

drainage canals. Under normal condi tions the water will

flow throug h the pond (Figure 111-12) to the receiving

body of water.
111-32
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The reuse storage ponds serve two functional roles

in the land tre atment process as well  as re p resen t ing
potential reuse possibilities. The potential reuse

possibili ties are discussed later in this section. U

Func tional ly , the reuse storage pond serves as a
quaran tine are a and equalizing pond wher e the collec ted
percola te wi l l  be mon itored for desired quali ty before
being released to the receiv ing bodi es of wa ter.  Th e
10 fee t of storage dep th in the ponds wi ll  hold appr oxi-
ma tely 10 day s flow of collec ted percolate. Under pre-

sen t policies , the State of Michi gan permi ts con trol led
U discharg e into streams and public wa ter s as lon g as the

resulting water quality does not fall below the desired

standards . Should this policy be continued , then the
reuse storage pond could be used as an equalizing pond
for  unacceptable concentra tions of cer tain elemen ts tha t
mi gh t un expec tedly pass throug h the “living f i l ter. ”
During these periods the flow to the receiving body of
wa ter would no t stop comple tely ,  bu t would be cut back
to the poin t tha t the addi t ion of the elem ents to the

U’ receiving body of water would not cause the water quality

to fall below desired quality standards . The available

s tor age time under these cond it ions would vary depending

U 
on th e percen tage of perc ol ate f low tha t is passed on
to the rec eivin g bod y.

Second , the reuse pond can serve as a holding

reservoir should the water level in the rivers rise to

the point that the addition of the percolate to the river

might create flooding conditions. Again , par t ial f low

111-34
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out of the pond would be permitted ; therefore , the

storage time would be greater than 10 days . Normally

10 day storage would be suffic ien t to perm it the h igh
stage of the rivers to pass.

Fi gures 111-13 , 111-15 , and 111-17 indicate typical
gage height - discharge relationships for rivers in the
study area at par ticular gag ing stations . The change

in river state caused by add ing var ious quan tit ies of
collec ted percolate can be determined from these curves. 

U

For example , us ing Figure 111-13 , as sume a base river
flow of 1000 cfs (gage = 4.0’); add 500 cfs collected

percolate flow ; total flow = 1500 cfs (gage = 4.6’);

therefore , change in river stage due to adding 500 cfs
equals 0.6 feet. These curves represent only one gag ing

station on each river and do not reflect the river re-

sponse at all points downstream . The exact response of

the river stage to discharged percolate quantities re-

quires information and detail investiga t ion s beyond the
scope of this project.

In the event contaminated water reaches the reuse

storage facili t ies and c anno t be discharged in to the
streams , a means of pumping this water to the treatment
and storage lagoons was designed and costed. 

U

Outfall Structures

The collec ted percolate will be routed to discharge
points on nearby rivers or large bodies of water through

open canals. An outfal l structure is required to blend
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the discharge flow with existing river flow to minimize

the hydraulic di sturb ance of the ex isti n g channel .
Figure 111-18 illustrates a drop-type spiliway structure

that will lower the incoming water to the river level

and decrease the velocity of the incoming stream . Rip- N
rap bank protection is needed to prevent bank erosion .

Canals  disch arg ing into the lar ge b ays and lake s
may re quir e rock jetti es or ou tfall  p ipes to prevent
near-shore currents from building sandbars or caus ing

shore erosion . Natural streams presently discharge into

these large bodies of water essentially under equilibrium

conditions . Detail studies of each discharge point will
U be required to de te rm ine the exac t needs fo r  p ro tec tive U

struc tures.

Dis infect ion

The effluent from the treatment and storage lagoons

require s disinfection prior to being irrigated onto the

land . Common methods for large scale disinfection in-

clud e chlorina t ion , ozona tion , and sodium hypochloride

(Table 111-2). Lesser used methods include ultraviolet

li ght , chlorine dioxide , potassium permanganate , silver

compounds , and iod ine. A deve lopmen ta l prcdu ct , br om ine
ciloride is being studied. Chlorination is the most

w id ely used me thod in the coun try toda y .

Chl orina t ion is somewha t less e ff ec ti ve than ce r-
t U I ~~~~fl met hods , bu t is more economica l . Ther efor e , ch lori-
n i t  Ion H the recommended method. Another contractor

~. i l L  de v elop de s i gns and costs for dis i nfec ti on.

11 1-39



\ N ~/ o 0 ~ ‘

‘..
~ \t 0 0 0

0 0 0  ..
~ 0 0 0 0

0 0 0CONCRETE 
~ o 0DROP STRUCTURE 0 0 I

\ 0  /

/
/ IENER GY DISS I PATO RS — U

~/~Y

-I
I 0
I I—,~~~~~~

— 1 U
Li_i

I I,-

a _ f  ~II

a.

/
/

/
/

Figure 111—18

Typ ical Outfall
Discharging Renovated Water  RIVER OUTFALL

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



U ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

‘K

cli —
+J cli ~

O.
O L~ 5!)

U E—
~~IO ~~~ 

•
~~ C’s LI’) C’s

• •
00’-’-_ ~~- I —
c l i +~i 4~1.4 51)
0 ) 0

cli

51) ‘~~
r H U~ 4 LI) r-l

0 C0 4-~ cli 4_ i cli U I -~-~ UI
U U  UI U U 0 0)

4.2 ~~~~~ ~ ‘H ~ •-I~~~ S-. 0
0) E’d 0 E ‘d~~~ E ’I-4 UI 0

U) 0) 0 ‘d 0) 0 0  r - 4 0 ) t I )  0) U
0) ,~~ ~~ 0 C 1-s ‘~

j cli ~~ 0 .-i
~ U O ~ U ~~~0 4 - _ i 0 1 .~ ~~~~ 0

0 cli ~~ 1.-. 0
-4 4.2 U ) ’~~~~0)~~~~ 4-4 0)’~~~~~~ 0) 51) 0

~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~ cli
5.) cli 0 0 ) ’ H  •H G) Cli ~ l. 0 .-4 UI 0) 1.-.
0) ‘d U) U I  0 ) U I  0~~~~~>~ U ) c l i~~O L2) C)

~~ ~~~U 0 Q )  E O U 0 )  ~-~~~~— 0 Q ) .r’l 4~icli Cli ’H 1.s 4-_i ~~ 4._i Q) cli~~~ 4-~~-~~E ~~~~~
‘H LI) N~~ <~~~~~UI r-~~~.s >< UI ~~~ N 0 0  tI)~~~ ,. ~~~~~UI ‘H c l i 0 O c l i  0 0 0 c l i  0) cli~~~ O~~~~~O 0 )  cli

~~ ~~~~— U E —  ~~~L) E— E- ~~~~~~~~~ L~~Z~~~~
•0

0)
4-I

1-. UI UI 0

~~ 
0) 4~2 -~~

U U

0 o~~“H 0) 1-s
0 0) 3. 0

U 4~s .,-I 0) 0) UI
51) ~.)j 0) UI~~~~ ’~~~~0) 1-s O)

4~) 0 ) 5 . )  • ,-4 ç:~ ~ 0) ..-4~~~~ 4J o~~~ ‘H
cli U E 0 )  0 4-~~0) • H U) 4-~~ 0) ~I) ~~~~~~~

UI I cli ~~“H ‘~~ U 4-’ ~ 0 Cli 0 4) 0)
U E 0)1 1-’ ‘H’+4 0 ) 0  ~~~0 ) U 4 -~ 0

cli ~4-I ’H ~~ •,‘4 54,-4 .~ 4 0)
C)) cli —~~~ N 4-4~~< 0 ~~~4-4~~ < U ) U I L 1 )0

‘H ~~~.0 0)>- . ç~j 0 ) 0  .~.4 0 ) 0  O)~~~~0)~~H
~ O C l i  ~~ 4-2 4.) U) 4-’ 00~~~~~4.~Cli ~~~ . 4 ” ~~~~~4 4-’ l ~~~~I 4-’ U r-4~~~~~ I ~~~~~O 0
~D’ ~~ r - I O’ H  UI~~~ ~C~~~~~U I C l i  ~~~“~~0 E c l i
‘~~ 0 0 ) O c l i  0 0  0 ) 0 0 0 )  ‘~~~ G) 0 0) O ) Q )
.rc: ~~~~~~~~~~~~ U Z  ~~‘ .Z u c~~ -‘~~~~~~Z~~~~ ~~~~~~

0)
0)
N

o o
‘H _ _

4) >-~~0)~~~~ 0)
cli ~~~ 4 2 ’ H  0

‘H
-

U 
‘~~ ‘v-I 

~~~~~ 
4.)

0 I’M ~~~O “-4 0 cli
~~ 0 ‘v-4 -4~~~ “C
4._i vH ‘d .~~~ ’-4 0~~~ 0
C) ~~ 0 0” - ’  I ’ - sU  N

~ u o

111- 41

~



cli —

U 0L ~ ~~
• A

• K4’)
C’s — —

00-’-~ 4~
A A

$ . U I
0 )0

I-
0)
4.)
cli 0 0

~ 4 .,-4 ‘H

UI C)cli Cli
51) .-4 t~ E U  UI U
‘H Cli ‘H ~~~‘H 4-I ‘H
U U I O  — ‘r~l 0 —
~~~~I’.s ’ H  0 ~~~~~~~~ ~ P..
o o E  UI C ) O P . .  ‘d C) P..

4-’ C) Cli 0~~~~ cli
1 . . .0~~~ ~ cli
~~. 0 0 ~~~~~~~~ ~~~UI G)

~~ -I 0)~~~4
‘H ~~~~~~~~~~~~ ~~~~N C l i  U I ’~~~~I’.4 cli

~~~~~~~~~ UI O ’H U ~~~~~~ 1o U
U cli .~~~, C) ,-4 v-’4 UI O C J O U I

U ). UI 51) 0) 1-. O c l i  ‘~3 0
0 0 0)~~~ ‘ H U ”-4 ’-4 I.o U ‘ i

cli ~~~~~~~~~~~~~~~~~ ~~~O) Q .-4 Cli ’H~~~-,,-4
U 51) UI I’., >.~~ t1) ,-4 C~~~~~~~~ 0 ) C l i  N~~~< I-s Cli

U -H 0 0 0 c l iO O) . H O~~~~~E cli O C) E
~~ ~~ L3 I- E-~~~ ~~~H~~) C/) (/) =E-~~ ’ C/)

LI)

C’)4-s
UI
cli
4-’

4.4
UI 0 ) 0

E
0 0

4) O U I
U O

~ 
1... 1-. ‘ HI ’s
Cli

U Cli N N 0 0~~~
U 4) Cli ci

~~ .~~C’) cli I I

~~ 0 0
.
~~ z z

0
L)

o
P.. 0)

—
— 

0 0 ) 0 )
‘v.4— 

~~ E I”. ~~, ‘ H
0) 0 ~~~0U — •~ •H 0 0

‘H ~~~~~~~~ 4 j . ~~4
• cli 0 0 0  .— --~ ..~~~~~~

~~ C)) U

111-42



-

Sludge Disposal

Pr esen tly,  sewage slud ges and solid wastes

in Southeastern Michigan are incinerated at separate

facil ities. Incinerator expansion and location to accom-

modate the sludge from the Southeastern Wastewater Manage-

U ment Program is not foreseen.

Under the land treatment alternative for waste-

wa ter managemen t, lagoons are used for sewage treatment
and for storage of the resul tin g eff luent . Af te r d iges-
tion of raw and bi olog ical solid s , sludge will accumulate

in the lagoons at about 0.9 tons of dry solids per

U million gallons of was tewater. The sludge must be

period ically removed.

This s lud ge at abou t 3- 5% concen tra t ion can be
dre dged from the lagoons and i r r igated on to agr i cu l-
tural land w ithin Southe astern Michi gan . Sludge appli-

ca tion should be made on land in clos e prox im ity to the
lagoons , but not on the same land used for the waste-
wa ter irri gation site, Potential sludg e disposal sites

near the Monroe and St. Clair sites are shown in

Section VI. All percolate from the sludge treatment

si te should be collected in an und erdr ain sys tem.
Soils similar to those used for was tew ater irr iga t ion
should be accep table for slud ge trea tment . Vari ous
other studies sponsored by the CORPS will further

characterize land treatment of slud ges.
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The above described slud ge handl ing pr ocedur e is

not compatible with existing solid waste handling pro- 
U

cedures in Southeastern Mich igan.

REUSE CONSIDERATION S

The renovated wastewater , having passed throug h

the “ living f i l ter ,” has several po ten tial uses. Th ese
uses include many of those normally dr awing from a wa ter
resource whether involved with the water p,~~ se , a body

U 
of water or a watercourse. The quality of the renovated

was tewater is assumed to be abou t equal to domes tic
water supply standards . But , thos e uses wh ich wou ld
involve direc t or ind irec t human con sump ti on l ike ly
wi l l  be avoided un til more is learned abou t the renova ted
was tewater.

Wa ter Users

Wa ter uses therefor e could include irriga t ion , in-

dustrial processing (non-food), indus trial cooling and
stream augmentation . Except for the later , a pump ing

U sys tem and dis tribu tion ne twork would b e re quired causin g

delivery costs to the user. Costs would be slig htly
less than pi p ing in munici pal water because of no treat-
men t and storage cos ts.  However , today ’s cons truc t ion
cos ts vs .  older sys tems may c ause the “savings ” to be
small , depend ent on loca t ions of supply pond and user .

I
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An example of industrial cooling use where the

suppl y ponds could be advan tag eous is the pr op osed De-
troit Edison Greenwood Energy Center (north central U

St. Clair County). Presently , the alternative cooling

water sources for this energy center require new pipe
cons truc t ion . This new pipe construction would be

about 9.5 miles to Lake Huron , 12 miles to the Port Huron
municipal system, or many miles to the City of Detroit

trea ted water sys tem. A four th sh or t pipeline possi-
bility mi ght be to tap into the City of Detroit raw

water supply line whi ch runs al ong th e sou th bo rder of
the energy center site. Another possibility is the

Greenw ood Energy Cen ter cou ld use renov ate d w as tewat er
U from the St. Clair irrigation site. Two of the reuse

ponds desi gned at this site are only 1.5 and 4 miles

from the energy center. At capacity the Greenwood

Energy Center requires 400 MGD of make-up water for

spray cooling in 4000 acre (6.25 square miles ) spray

cooling ponds . This would amoun t to 40% of the average

output of the St. Clair site when irrigating or 59% U

average yearly ou tpu t if accumu lat ed and r el eas ed un i-
formly . Some of the other common inter est in pond s

o sh ould also prove benef ic ia l  if the governmen t agency
versus private interface is not too difficult.

Provisions are to be made for r ou ting a s ignifi-
U cant fraction of the renovated water into nearby streams

whi ch can help assure con tr oll ed augmen tati on dur ing low

f low periods . The f i sherman , bo ater an d adm irer  of
pre tty s treams are the benef i c i a r i e s  of this  us e of the
renovated water. The aquatic life forms are kept in
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their naturally healthy conditions. The stream bed

remains fresh and fr ee f l owing a t a ll ti mes ra ther th an
U stagna ting or dry ing up.

W at er Body Users

A dis tinc tion has been made be tween users of gallons

of wa ter and the users of a body of w a t e r  or wa te rcour se .
The la tter includes recrea t ional pursui ts , possibly water
tr anspor tation , and aes the t ic appear ance of bodi es of
water. These are often interrelated and tend to come

back to the use offering the mos t benefits - the

recreational aspects.

The naturalness of the renovated water ponds or

small lakes would be most inviting to the outdoor recrea-

t ionalis ts , par ticularly if plans included stocking with

game f ish , camp ing conveni ences , etc. As a minimum , most

of the ponds would have fea tures al lowing shore l in e or
small boa t f ishin g such as the pres ent “Public Access ”
areas suppor ted b y the Michi gan Depar tmen t of Na tur al

Resources. Some of the ponds would be suitable for more

extens ive park facilities which would encourage more small

boat activities including sailing and water skiing.
- ‘ 

Later as the system matures , game and p icnic ar eas ,
- bathing beaches , and c amp ing f ac i l i ties would be added

- 

in th ose special cases where the pon d charac teris t ics
and cos t/benefit ratios are favorable.

All of the recreational site development should

move forward at a regula ted pace for seve r a l reas ons :
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a. The ponds need time to balance out the aquatic life

cycle and grow na tura l plants in the water and along

sh ore.

b.  Game fish stocks c ann ot be in tr oduced befor e pond U

b alance , and then after stocking they require several -

U years to develop .

c. Reuse ponds near Lake Huron may have little alter-

native attraction unless the fishing or fish is

better; cost/benefit ratios may not merit funding

U until more fishing areas are needed to meet demand.

d. The public would need time and some good experiences U

regarding the ponds to reaffirm that the water is

cle ar , sweet and good tasting (possibly contrary to U
their earli er su spicions).

Points made in c. and d. hint that public response

• may be disappointingly slow at f i r s t .  N a t u r a l i s t s  w i l l  U

recogniz e and promo te th e ponds ’ val ues for w i ld l i f e
-

- and aquatic propagat ion . Bu t pres sur es from overcrowded 
U

existing recreational sites will be the greatest force

to s tar t usin g the ponds .

Perha ps the augmen ted str eams w il l rec eive much
more response from lUlsers. Certainly the source of the

wa ter w i ll be much less a psycholog ic al fac tor. Some U

streams may be revitalized with more water flow than

just augmentation amounts. This flow , plus increased 
U

dep th from weirs in specif ic reaches and some in teres t -
in g s tocked f ish , would make ideal fishing streams. Others U
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- may be attrac ted also - canoe en thus ias ts , hikers  and
- .  picnickers. Additionally , s ome of the river and s t ream

corridors could be developed as park areas .
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SECTION IV

ECONOMICS AND UNIT COSTS

Irr igation bite locations and alternative designs were

presen ted ifr~ the preceding sec t ion s . Th is sectio n

U 
develops/osts for land , equi pmen t , and cons truc ti on .
The fo],(owing general bases were followed:

• /i. Costs are estimated in January 1972 dollars
- with no adjustment for future inflation .

U
_f 2 . The econom ic lif e of the facil ity is 50 year s.

U - Main tenance and rep lacemen t wil l  con tinu e
throughout the 50 years to preserve utility.

Salvage value after 50 years is considered nil.

3. No interest is charged during construction.

4. Base interest rate is 5-1/2 percent for sinking

funds and cap ita l recovery.  Summary da ta are
calcula ted at 7 percent and 10 percent to show

in teres t effec ts.

5. The sinking fund factor is calculated according

to paragraph 15, “ECONOMIC EFFECT ,” Computation
of F inancia l Cos ts and Econom ic Cos ts ,

EM-1l20-2-l04 , Manual - Corps of En g ineers ,

7 Nov . 1958. For example: Life , 50 years ;
In teres t, 5.5 percent ; Replacement , 16 years.

U 
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Solution: Present Worth of $1 16 yrs from now = $0.4246
U 0~ 5 ?  ~? ~ 32 yrs ~ = .1803

“ 48 yrs  = .0772

Sum = .6821
U Cap . recovery fac tor , 50 yrs ‘ 

= .05906

Sinking Fund Factor =

Cap . Rec. x Sum of P.W. = .04029

U Appendix B contains factors for other years
U 

and interest rates. 
-,

‘7

6. ANNUALIZED COSTS equals the sum ,of the operating 
U

cos ts , main tenance , sinking fund for replacement
equi pment and cap ital recovery.

LAND ACQUISITION

Land and pro per ty acquisi t ion cos ts were de term ined
for land wi thin gross acreage boundar ies of the si tes .
To tal acqu is it ion cos ts include curren t marke t va lue f or
proper ty ,  including homesteads and b u i l d i n g s , fan i i ly
reloca t ion allowances , and adminis tra t ive , le gal and
contingency costs. The gross area includes the river

corridors.

- The curren t marke t value was inves t iga ted in som e

depth in the Monroe and St. Clair Counties. In Monroe ,

section by section assessed valuation was made available

and compared to the average for the township. Variation

was noted but the average was a good approximation of the

township. St. Clair County had gathered considerable

data regarding the equalization updating effects which

helped establish the difference between equalized

IV-2
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P valuations made 1, 2, and 3 years ear l ie r  and the
January 1972 market value. Coded data from actual sales

were available for some townships. The resul ting factor

• was market value = 1.12 x 2 x equalized valuation. Data

• from each of the remaining counties covering the town-

ships ’ assessed and equalization valuation s were used
with the above factor to calculate the market values.

° The Ohio coun ties have a di ffer ent sy stem. Di s-
cussions with a county auditor revealed the assessed

value to be approximately 39 percent of market value.

U Data for Fulton County were used as a guide for the
U 

- 

‘ Williams County estimate.

Relocation of the families currently living within

U 
a potential site were assigned at $5000 per family.

The number of families was determined by counting

dwelling units on aerial photographs , from population

da ta ob tain ed from SEMCOG* or from county plat books.

Based on experience of Michigan Department of State

Hi ghway s, the cost of acquisition of properties incurs

expenses over and above the market value and relocation.

Administration of the procurement effort , legal and

cour t co st s on a minor por t ion of the cas es ar e the , U

bulk of the additional expenses. Some contingencies

were in c luded to mak e a to ta l of 10 percen t of the
market value and relocation costs. Table IV-l summarizes

the land acquisition costs without river corridors and

Appendix C shows the costs of the sites if the river

corridors were included.

* Sou thea ste rn Nichi gan C ouncil  of Gov ernm en ts
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r
‘IODULAR UNIT COST

Cost estimates are based upon price levels of

Januar y 1 , 1972. Adjustments of costs to conform with

this date were made using Eng ineering News Record (ENR)

Construction Cost Indices.

Unit costs used to establish capital costs were

taken from manufacturer ’s prices , contactor bid prices ,
estimating guides such as Dodge - Estimating Guide For

Public Works Construction (18) , Buildin g Construction

Cost Data, 1972 (8) , Commercial-Industrial Construction

Estimating ~ Eng ineering Standards, 1972 (16) , unit

price bid comparisons from ENR , and unpublished unit cost

experience of The Dow Chemical Company.

The capital costs of the various irri gation and

drainage modules were established by costing out the

components of each module. These modular cost tables

are presented in this section and are based on the

description of the modules as given in Section 1 11 .

(
Certain components such as land leveling and erosion

control are dependent upon the topography and unit cost

for different values of land slope were developed. Costs

corresponding to average slopes for the irrigation sites

are used in developing the overall site cost summaries.

Annual  operating and ma intenance (O~M) costs are
presen ted as the sum of mai ntenance , sup plies , energy ,

labor , and replacement cost. Maintenance costs are

presented as percentages Of c~ip ita 1 cost. E n e r gy  costs

arc  based  on hor sepower  r e q u i r e m e n t s  and  a n t i c  i p a t e d
hou r s  of  use .  Labor c o s t  s ar e  based  on o r g a n  i :at i ona 1

I V - 5
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tables and annual salaries as presented later in this

Section. Annual replacement costs are based on total

• replacement cost times sinking fund factors correspond int~
to the various replacement schedules. The replacement

schedules used for this study are presented in Table IV-2.

The annual interest rate used in the replacement cost

calculations was 5 1/2 percent.

Table IV-2

Replacement Schedules for Irrigation and Drainage
Module Componen ts

Component Years

V Irr iga tion r igs 25

Concrete drainage structures 25
Control gate structures 25

Major electric motors 25
Large pump columns 16
Centrifugal pumps 16
Valves and risers 10

Sprinkler heads 8

Furrows 5

IV-6



Table IV- 3

Capital Cost for Design Module of Center Pivot
Irrigation Rigs Giving 76% Land Coverage

Components Units Unit Cost Cost

Irriga tion
Pumping 1-1200 HP 142 ,000 $142 ,000
Station

Irrigation Rigs
1300 ft Radius 16 ea. 18 ,000 288 ,000

Pressure Pipe
16” CA 22,400 LF 17.28 387 ,000

18” CA 11,200 LF 23.87 267 ,000

24” Steel 5,200 LF 33.02 171 , 00

30” Steel 3 ,000 LF 42.70 128 ,100

Valves ~ Misc. 1 module 25 ,000 25 ,000Fittings

TOTAL S l ,408,800

IV -7



Table IV-4

Operation and Maintenance Costs for
Design Module of Center Pivot Irrigation Rigs

• Giving 76% Land Coverage

Maintenance and Supplies

Irrigation Pumping Station 8 1.0% Cap ital $ 1,400

Irrigation Rigs @ 2.0% Cap ital 5,800

Pressure Pipe @ 0.1% Capital 1 ,000

Valves ~ Miscellaneous 8 3.0% Capital 800

Energy 8 0.0125/Kilowatt-hr

Pumping Station - 1200 HP @ 2800 hrs 42 ,000

Irriga tion Rigs - 120 HP @ 2800 hrs 4,200

Labor

3.9 men at $l6 .500 64,400

Major Replacemen ts

Irrigation Pumping Station @ 0.0149 x Capital 2 ,100

Irrigation Rigs 8 0.01955 x Capital 5 ,600

V Pressure Pipe @ 0.01955 x 1/2 Capital 9,500

TOTAL OE~M S136 ,800

IV-8
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Table IV- 5

• Capital Cost for Design Module of Center Pivot
Irrigation Rigs Giving 91% Land Coverage

Components Units Unit Cost Cost

Irrigation
Pumping 1-1600 HP 169 ,000 $169 ,000
Station

Irrigation Rigs
1300 ft Radius 16 ea. 18,000 288,000

600 ft Radius 18 ea. 8,500 153 ,000

Pressure Pipe
6” CA 12,000 LF 5.48 65 ,700

8” CA 19,200 LF 6.68 128 ,300

16” CA 14,000 LF 17.28 241 ,900

18” CA 11,200 LF 23.87 267 ,300

24” Steel 8,400 LF 33.02 277 ,400

30” Steel 5,200 LF 42.70 222 ,000

36” Steel 3,000 LF 55.35 166 ,000

Misc 1 module 25,000 25 ,000

TOTAL $2 ,003,600

IV- 9
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Tab le IV-6

Operation and Maintenance Costs for
Design Module of Center Pivot Irriga ti on Rigs

Giv ing 91% Land Coverage

Maintenance and Supp lies

I r r igation Pumping Station 8 1.0% Capital $ 1, 700

Irrigation Rigs @ 2.0% Cap ital 8,800

Pressure Pipes @ 0.1% Capital 1 ,400

Valves ~ Miscellaneous 8 3.0% Cap ital 800

Energy @ 0.0125/Kilowatt-hr

Pumping Station - 1600 HP @ 2800 hrs 56 ,000

Irrigation Rigs - 200 HP 8 2800 hrs 7 ,000

• Labor

4.8 men at $16 ,500 79 ,200

Major  Replacements 
V

V 

Irriga tion Pumping Station 8 0.0149 x Capital 2 ,500

I r r i g a t i o n  Rigs 8 0 .0 1955 x Cap i ta l  8 , 600

Pressure Pipe @ 0.01955 x 1/2 Capital 13 ,’00

TOTAL OE~M S179 ,~’00
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Table IV-7

Capital Cost for Design Module of Center Pivot
Irrigation Rigs Giving 95% Land Coverage

Components Units Unit Cost Cost

Irrigation
Pumping 1-1600 HP 169,000 $169,000
Stat ion

Irrigation Rigs
1450 ft Radius 16 ea. 20,000 320 ,000

Pressure Pipe
16” CA 21,000 LF 17.28 362 ,900

20” CA 10,400 LF 29.12 302 ,800

30” Steel 5,000 LF 33.02 165,100

36” Steel 4,000 LF 42.70 170 ,800

Misc. 1 module 25 ,000 25 ,000

TOTAL $1,461 ,000 
V
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Table I V - 8

Operat ion and Maintenance Costs  fo r
Desi gn Module of Center  Pivot  I r r i ga t ion  Ri gs

Giv ing  95% Land Coverage

Maintenance and Supplies

I r r i gat ion Pump ing Sta t ion  8 1.0% Capital $ 1, 700

I r r i g a t i o n  Ri gs @ 2 . 0 %  Cap i t a l  t , 4fl~
Pressure  Pi pe 8 0 . 1 %  Capi ta l  1, M 0 0

Valves t~ Misce l laneous  8 3 . 0 %  Cap i t a l  800

Energy @ 0 . 0 1 2 5 / K i l o w a t t - h r
Pump ing S ta t ion  - 1600 HP @ 2800 hrs  56 , 000

I r r i ga t ion  Ri gs - 150 HP @ 2800 hrs  .5 , 200

Lab or

3 .9  men at $16 , 500 64 , 400

M a j o r  Replacements

r. I r r i g a t i o n  Pump ing S t a t i o n  @ 0 .0149  x C a p i t a l  2 ,50 0 V

I r r i g a t i o n  Ri gs 8 0 .01 955  x Cap i t a l  6 , 300

Pr essur e Pi pe 8 0.01955 x 1/2 Cap i t a l  10 , 0 00

TOTAL OE~M $ l 5 4 ,~~00

I V — 1 2
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Table IV-9

Capital Cost for Design Module of Fixed Se t
Spray Irri gation (Underground Pipes)

components Units Unit Cost Cost

Irri gation
Pumping 1-2300 HP 210 ,000 $210 ,000
Station

• Spray Heads 10,400 ea. 9.20 95 ,700

Spray Head 93 , 600 LF 0 .82  76 , 800R i s e r - 2  pipe

Pressure Pi pe
6” CA 1,040 , 000 LF 5 .48  5 , 699 , 200

24” Steel 21 , 120 LF 33.02 697 , 400
30” Steel 21,120 LF 42.70 901,800

36” Steel 21 ,120 LF 55.34 1 ,168,800

42” Steel 25 ,940 LF 70.82 1 ,837 ,000

Valves
42” motor operated 16 ea. 7500.00 120 ,000

Controller ~ Misc. 1 module 5000.00 5,000

TOTAL $ 10 ,811 ,700

IV-13
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Table IV- lO

Opera t ion  and Maintenance Costs fo r
Desi gn Module of Fixed Se t Spray I r r i ga ti on

(Underground Pipes)

Main tenance and Supp lies

Irr igation Pumping Station 8 1.0% Cap ital $ 2,100

Spray Heads , Risers , Valves ~ Controller 
~8 2.0% Cap ital

Pressur e Pipe 8 0.1% Cap ital 10 ,300

Energy 8 0.0125/Kilowatt-hr

Pumping Station - 2300 HP @ 3000 hrs 86,200

Labor

2.8 men at $16 ,500 46 ,200

Major Replacements

Irri gat ion Pumping Station @ 0.0149 x Cap ital 3,000

Spray Heads 8 0.10197 x Cap ital 9,800

Risers @ 0.07767 x Capital 6,000

Valves @ 0.07767 x Capital 9,300

Pressure Pipe 8 0.01955 x 1/2 Capital 103,000

TOTAL O~M $281 ,900

IV- 14 
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Table IV-ll

Capital Cost for Design Module of
Graded Border I r r igation

Components U n i t s  Unit  Cost Cost

Concrete l ined
head di tch with  160 ,000 L . F .  $ 12.00  $1 , 920 , 000
f low control

Gate S t ruc ture  32 each 2 , 500 80 ,000

V 

Land Level ing  (Change to 0 . 4 %  Slope)

If - 0 . 1 %  Slope 2 , 500 acres 4 6 . 0 0  115 ,000
0 . 2 %  Slope 2 , 500 acres 38 .00  95 ,000
0 . 4 %  Slope 2 , 500 acres 2 9 . 0 0  72 , 500
1.0% Slope 2 , 500 acres 7 6 .0 0  190 ,000
2 . 0 %  Slope 2 , 500 acres  118.00 295 , 000
4 . 0 %  Slope 2 , 500 acres 2 3 0 .0 0  575 , 000

‘v-i s
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Table IV- 12

Operation and Maintenance Costs for
Graded Border Irri gat ion

Slope of Land

Maintenance and Services 1.0% 0.1~

Concre te lined
head ditches with @ 1.0% Capital $ 19 ,200 $19 ,200
flow controls

Gate Structure @ 1.0% Capital 800 800

Land Level ing 0 1 .0% Cap ital 19 ,000 11, 500

Labor

3.9 men at $16 ,500 64,300 64,300

Rep lacements

Concrete lined
head ditch with 8 0.01955 x Cap ital 37 ,600 37 ,600

V f l o w con trol s

Gate Structure 0 0.01955 x Cap ital 1,600 1,600

TOTAL Of~M $142,500 $135 ,000

IV- l6
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Table IV-l3

Capital Cos t for Design Module of
Furrow Irr iga tion

Components Units Unit Cost Cost

Concrete lined
head ditch with 160,000 L.F. $ 12.00 $1 ,920,000
flow contro l

Gate Structure 32 each 2,500 80 ,000

Land Leveling (Change to 0.4% Slope)

If - 0.1% Slope 2,500 acres 46.00 115 ,000

0.2% Slope 2,500 acres 38.00 95,000

0.4% Slope 2 ,500 acres 29.00 2 ,500

1.0% Slope 2 ,500 acres 76.00 190 ,000

2.0% Slope 2 ,500 acres 118.00 29S ,000

4.0% Slope 2,500 acres 230.00 575 ,000

Furrow s 2,500 acres 5.00 12 ,500

‘V
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Table IV- 14

Operation and Maintenance Costs for
-

• 
Furrow Irri gation

Slope of Land

Maintenance and Services 1.0% 0 .1~,

Concre te lined
head ditches with @ 1.0% Cap ital $ 19 ,200 $19 ,200
flow controls

V - Gate Structure 8 1.0% Capital 800 800

Land Leveling 0 1.0% Capital 19 ,000 11 ,500

Furrow 0 5.0% Capital 600 600

Labor

3.9 men at $16 ,500 64,300 64,300

Replacements

Concrete lined
head ditch with 0 0.01955 x Capital 37 ,500 37 ,500
flow controls

Gate Structure 0 0.01955 x Capital 1,600 1,600

Furrows 8 0.179 x Capital 2 ,200 2 ,200

TOTAL 0~ M $145 , 200 $137 ,700

IV-l8
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Table IV- 15

— Cap ital Cost for Runoff Control Related to
Irrigation Method Des ign Module

I r r i ga tion
Design Module Units Unit Cost Cost

t~~~
°
~igs 

2560 acres $15.00 $38,400

Center Pivot
Irrigation Rigs
on 0.1% sloping 2560 acres $30.00 $76 ,800
land wi th land
cells on 100 f t
center
Center Pivot
I r r i ga t i on  Rigs
on 2 . 0 %  s loping 2560 acres $60.00 $153 ,600
land wi th land
cells on 100 ft
center

a~~~n 
2560 acres $15.00 $38 ,400

Graded BorderL I r r i ga t ion  not required

Furrow i rr igation not required

IV-19
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Table IV-l6

Operation and Maintenance Cost for Runoff Control
Rela ted to I r r iga tion Me thod Desi gn Module

Main tenance Labor
I r r i ga tion ~ Supplies 0.3 men

Design Module 0 10.0% Capital @ 16 ,500 To tal

Center Pivot 3,800 5,000 $8,800
Irr i gation Ri g

Cen ter Pivo t
Irrigation Rigs
on 0.1% slop ing 7 ,700 5 ,000 $12 ,700
land wi th  land
cells on 100 ft
cen ters
Center Pivot
IrriQation Rig~
on 2.0% sloping 15,400 5,000 $20 ,400
lan d wi th land
cells on 100 ft
cen ters
Fixed Set I r r iga t ion  3 , 800 5 , 000 $8 ,800

Grade d Borde r - - - - - -
Furrow I r r iga t ion  - - - - - -

IV- 20
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Table IV-l7

Capi tal Cos t for Desi gn Module of Underdrain Sys tem
wi th Laterals Spaced on 33.0 ft Centers

Componen ts Uni ts Uni t Cos t Cost

Drainage
Pumping 1-160 HP 4 3,000 $43 ,000
Station

Draina ge Pi pe
4” Plas t ic  3 , 163 ,000 LF 0.3 1 980 , 500

12” RCP 6 , 000 LF 5 .54 33 , 200
15” RCP 4 , 560 LF 7 . 0 8  33 , 300
18” RCP 8 ,400 LF 9 .51  79 , 900
21” RCP 12 , 000 LF 10 .76 129 , 100
24” RCP 10 , 650 LF 13,32 141 , 900
30” RCP 2 ,640 LF 1 8 . 2 3  48 , 100
36” RCP 2 , 640 LF 2 4 . 7 4  65 , 300
48” RCP 2 ,640 LF 36.95 97,500

C l e a n - o u t s
4 ft dia. 40 ca 521 20 ,800
5 ft d i a .  3 ea 1000 3,000

TOTAL $1 , 67 5 , 600

IV-21
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Table IV-18

Opera tion and Maintenance Cos ts for
Design Module of tinde rdrain System with

Laterals Spaced on 33.0 ft Centers

Maintenance and Supplies

Drainage Pump Station 0 1.0% of Capital $ 400

Drainage Pipe 0 2.0% of Capital 32 ,201)

Energy 0 0.0125/Kilowatt-hr

Pumping Sta t ion - 160 HP 0 5800 hrs ll , t 0 0

- 
- Labor

- 0.3 men at $16 ,500 5 ,000

Major Rep lacemen t

V Drainage Pump 0 0.0149 x Capital 600

TOTAL O~M $ 49 , 800

• IV- 22



Table IV-l9

Capital Cost for Design Module of Underdrain System
wi th Laterals Spaced on 55.0 ft Centers

Components Units Unit Cost Cos t

Drainage
Pumping 1-160 HP 43,000 $43 ,000
Station

• Drainage Pipe

4” Plastic 1,324,000 LF 0.31 410 ,400

5” Plastic 590,000 LF 0.38 224 ,200

12” RCP 6 , 000 LF 5 .54  33 , 200
15” RCP 4 , 560 LF 7 .08  33 , 300
18” RCP 8 ,400 LF 9 .5 1 79 , 900
21” RCP 12 ,000 LF 10.76 129 , 100

24” RCP 10 , 650 LF 13.32 141 , 900
30” RCP 2 , 640 LF 18.23 48 , 100
36” RCP 2 , 640 LF 24 . 74 65 , 300
48” RCP 2,640 LF 36.95 97 ,500

- 

• Cleanouts V

4 ft dia. 40 ea. 521.00 20 ,800

5 ft dia. 3 ea. 1,000.00 3,000

TOTAL $ 1,329 ,700

IV-23
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V Table  I V - 2 0

Operat ion and Maintenance Costs for
Design Module of Underdr a in  System wi th

Latera ls Spaced on SS.0 Centers

Maintenance and Supp lies

Drainage Pumping Station @ 1.0% of Capital $ 400

Drainage Pipe 0 2.0% of Capital 25 ,300

• Energy 0 0.0125/Kilowatt-hr

Pumping Station - 160 HP @ 5800 hrs 11 ,600

0.3 men at $16,500 5,000

Major Rep lacement

Drainage Pump 8 0.0149 x Cap ital 
____ 

600

TOTAL O~M $ 42 , 900

I V — 2 4  
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Table IV- 2].

Capital Cos t for Desi gn Module of Underdrain Sys tem
with Lateral Spaced on 16.5 ft Centers and

with Underground Asphalt Barrier

Components Units Unit Cos t Cos t

Drainage
Pumping 1-160 HP 43,000 $43 ,000
Station

Drainage Pipe
4” Plastic 6,324 ,000 LF 0.31 1,960 ,400
12” RCP 6,000 LF 5.54 33 ,200
15” RCP 4,560 LF 7.08 33,300
18” RCP 8,400 LF 9.51 79,900
21” RCP 12,000 LF 10.76 129 ,100
24” RCP 10,650 LF 13.32 141,900

30” RCP 2 ,640 LF 18.23 48,100
36” RCP 2 ,640 LF 24.74 65,300
48” RCP 2,640 LF 36.95 97,500

Cleanouts
4 ft dia. 40 ea. 521.00 20,800
5 ft dia. 3 ea. 1,000.00 3,000

Asphalt Barrier 2500 acres 1,700.00 4,2 50 ,000

TOTAL $6,905 ,500

Iv-2 5
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Table IV- 22

Operation and Maintenance Cos ts for
Design Module of Underdrain Sys tem wi th

La tera ls  Spaced on 16.5 ft Centers and
with Unaerground Asphalt Barrier

Maintenance and Supplies

Drainage Pump Station 0 1.0% Capital $ 400

Drainage Pipe @ 2.0% Capital 51 ,800

Asphalt Barrier @ 2.0% Cap ital ,~ 85 , 000

Energy 0 0.0125/Kilowatt-hr

Pumping Station - 160 HP 0 5800 hrs 11 ,600

Lab or

0 . 3  men at $16 , 500 5 , 000

M a j o r  Replacement

Drainage Pump 0 0.0149 x Capi ta l  600

TOTAL O~M $154 ,400

IV-26
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UNIT COST FOR SITE RELATED FACILITIES

Site related components of the land treatment

concep t, such as effluent and percolate transmission
canals , reuse storage fac ilit ies, outfall structures ,
pump stations , and adminis trative facilities , were
designed and costed for specific size sites. From

these speci f i c  des igns , unit type estimated costs were
developed , some related back to the number of modules

per site , others to cost per mile of canal , or cost

per mi le  of perime ter , or cost per acre of land pur-
chased. These unit cost estimates have been used in

developing the total costs for the sites described in

Section VI .

Transmission Facilit ies

The costs for water transmission facilities were

deve loped for gravity flow and pre ssure sys tem s. The
costs for pressur’~ systems were developed in the

irr igation modu le discussion presen ted previously.
Gravity flow transmission systems were designed and

costed as lined and unlined canals , and various types

of pipe.

Canal  d e s i g n s  were  developed and cos ted  fo r  severa l
differ ent capacities. The costs were derived from pricing

cubic  ya rds  of earthwork and square feet or square yards
of lining. The required miles of the different size

canals were determined from a system layout. An example

of the calculations for a l ined canal is given in

Tab le IV-23 and for a pipe system in Table IV-24.

Operating and maintenance costs are taken as a percent-

age of the cap ital cost.
I V - 2 7
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Table  IV-23
Examp le of Cost ing Ir r i gat ion Canals

Required
Flow Length Ear thwork Lining Ear th~ork Lini flg
CFS Miles Yd3/Mile Ft2/Mile Id Ft~

65 13 11, 600 175 , 000 151 , 000 2 , 265 ,000
130 5 . 2  13 , 200 195 , 000 68 , 600 1, 014 , 000
195 2 . 0  14 , 800 212 , 000 29 , 600 424 , 000
260 2 . 6  16 , 400 2 2 7 , 000 42 , 600 590 , 000

22.8 291 , 800 4 , 293 , 000

Ear thwork  292 , 000 @ $ 1 .30 /Id 3 $380 , 000

Lining 4 , 293 , 000 Ft 2 0 $0 .15/F t 2 
= 644,000

TOTAL $1 , 024 , 000

Cost per mi l e :  $1 , 024 , 000 2 2 . 8  = $45 ,000/mile

O~ M 0 1 . 0 %  = $450 /mi l e

Note :  As the s i z e  of the i r r i g a t i o n  area serviced by
a canal system increases , the average  cost per
mile will also increase. The cost  per m i l e  of 

V 
-

canals w i t h  d i f f e r e n t  types of l i n i n g s  was de-
veloped us ing th i s  sys tem , but  vary ing the  cost
of the l i n i n g .

I V - 2 8



Table I V - 2 4
Examp le of Cos t ing  G r a v i t y  Flow Pipe Systems

Required Pi pe C o s t/ M i l e
Flow Size Length  I n s t a l le d  Sub-Tota l
CFS Inches Miles $/Mile $

65 48 13.0 185 , 000 2 , 405 ,000

130 66 5 . 2  264 , 000 1, 373 , 000

195 78 2.0 370 ,000 740,000

260 84 2 . 6  423 , 000 1, 100 , 000

TOTAL 22.8 5,618 ,000

Cos t per mi le: $ 5,618,000 22.8 = $246,000

O~M 0 0 . 5 %  = $1230/mile V

V 

I V - 2 9
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Pump Facilities

The required horsepower for pump stations was

developed fr om the fo llowing formu la:

HP = 
Flow (gpm) x design head ( f t )

3960 x E f f i c i e n c y

The capi ta l  cost  of a pump s t a t i o n  was d e t e r m i n e d
by m u l t i p l y i n g  the horspower  required by a cost per

horsepower. Operating and maintenance costs include

min or r epa ir , energy usage , and replacement costs.

Labor costs are covered in the overall operating cost.

An example of this calculation is given in Table IV-25.

Table JV-25

Examp le of Costing Pumping Fa ci 1i t io ~

6000 l IP  0 $ 8 0 / l I P  = $480 , 000

M a i n t e n a n c e  and Supp l i e s  0 1 . 0 %  = $ 4,800

Energy :
6000 kwh x 5800 hr = 34 , 800 , 000 kwh

34 , 800 , 000 x $ 0 . 0 1 2 5/ k w h  = 435 ,000

Rep lacemen t :  $480 , 000 x 0 . 0 1 4 9  = 7,000

TOTAL O~M S 4 4 6 , 800

R a t i o  of OF,M to c a p i t a l  cos t  w i l l  vary d e p e n d i n g  on
the running time ol the pump .

Labor Cost

Labor costs for the different elements of the
V 

land treatment system are based on the org an iza tion a l

V 
c h a r t s  shown in Fi gures TV- i and I V -  2 , and the

I V - 3 0
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schedules of personnel as shown in Tables  IV -26 , IV-2 7 ,

and IV-28. Labor for the farm operations is not in-

cluded in this report.* The labor costs shown in

Table IV- 28 are included in the operating and main-

tenance cost of the irrigation and drainage modules .

The other labor cos ts ar e presented under s ite and
pro jec t  headings of the s ummary tables .

Central Laboratory

V Cons iderab le  s ampling and t e s t ing  must  be conduct ed
to de termin e perf ormance of the “living filter ” and to

develop irrigation , drainage , and f arm managemen t prac-
tices. This sampling and testing will be conducted by

a central laboratory responsible for all five irriga-

tion sites. Cost estimates were based upon taking

“grab samples ” using the schedule shown in Tab le IV- 29.
Some s ampl es might only be ana lyzed for se lected c on-
stituents deemed to be critical indicators. These

se lec ted cons tituen ts mi ght be BOD , N , P, and one
heavy metal. Other samples will be analyzed for all

V cons tituents including the heavy meta l s , m i c r o o r g a n i s m s ,
etc. To balance peo p le , instrumentation , and skill

requirements  dur ing the ye ar , certain sampling testing

will be contracted to an outside commercial laboratory ,

specia l ly  equi pped for heavy metal scans , plant ~‘nd

soil s amples .

V 
Costs for the Centra l Laboratory are shown in

Tables IV- 26 and IV-30.

*Costs of producing crops are assumed equivalent to
revenue received for farm produc t. See Section V I I .

I V - 3 3
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Table IV- 26

Projec t Administration and Labora to ry
Labor Cos ts

Project  Adminis t ra t ive  Labor :
1 Director  0 $30 , 000 = $ 30 , 000

V 1 Farm Advisor @ 20 , 000 = 20 , 000
1 Maintenance Advisor 0 15,000 = 15 , 000
1 Operat ions Adv isor 0 20 ,000 = 20 , 000
2 Adminis trators 0 14 ,000 = 28 , 000
8 Secretaries , Clerks 0 10 , 000 = 80 , 000

$1 93 , 000

Central Labora tory Labor:
1 MS Chemist 0 15 ,000 = 15 , 000
2 BS Chemis t 0 12 , 000 = 24 , 000

V 12 Lab Technicians @ 10,000 = 120 ,000

4 Water Sampler s 0 8,000 = 32 , 000
2 Dr ivers  0 6 , 000 = 12 , 000
1 Sample Clerk  0 10 , 000 = 10 , 000

$21 3,000

Sub-Total Labor $406,000
÷ 2 5 %  Overhead 101 , 000

To tal Labor $ 507 ,000

IV- 34

L-
~ V

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



Table IV-27

Site Administrative Labor for St. Clair Site

(An Examp le)

Manager 1 0 $24 ,000 = $ 24 , 000
Farm Liaison 1 0 18,000 = 18,000

Administrator 1 0 14,000 = 14 ,000

Secre tar ies 2 0 8 ,000 = 16 ,000
Site , Shop and
Office 7 0 10,000 = 70 ,000
Maintenance

+ 25 % overhead 35 ,000
$177 , 000

*Site admin i s t r a t ive  labor var ies  depending upon
size of site.
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Table IV- 28

Irrigation and Drainage Work Unit
Labor Cost

(10 Modules - 40 m i l e s 2 )

1 Superintendent  @ $18 , 000 = $ 18 , 000
4 Foremen 0 16 ,000 = 64 , 000

13 Operators 0 14 , 000 = 182 , 000
4 Electricians 0 12,000 = 48,000
4 Mechanics 0 12 ,000 = 48,000
16 Technicians 0 12 ,000 = 192 ,000

$552 ,000
+ 25% Overhead 138,000

TOTAL $690,000

Average annual cos t /man
$690 , 000 42 = $16 ,500

V Labor cos t per irr igat ion module
39 men 10 modul es x $ 16 ,500 = $64,400

V 
Labor cost per drainage module

3 men 10 modules x 16 ,500 = $ 5,000

These labor costs are included in the operating and
maintenance costs for the irri gation and drainage
modules ,

IV- 36

Lg~~ V V V~~~~~~~~~~~~~~~~~ 
V V V V ~~~~~~~V V V  ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

VV ~~~~~~



-~~~~~~~

r 4 r ~~~ C)

~ 
(
~~ U

o &~ ~~~ C)
4-’ 4-’ •~~~ C/)

I-. C)
o
.~~ 4-, ~~‘

c~
=~ 4-’ 1~

~~ C) ,-l
— ~~~~ 4-~~,-4 ~,<0 ~- c ~
1-s C..) c~4-,

~~
a,

‘ .~~

V U .—1 4-’
c’-J ~~ C) 4-’ C) ><
~~ V ‘1) ~
‘-4 s-I C 0 0 )

c1)~~~~~~ C/)
C) ~~ 5-.
s-I C) ~~ -vi
c~ U 00 ‘ C )

F- CI) ~~
~~f r l U  ><00 r - 4 Z Q )

E 0) 0.)

&~ Cl)
C,
F- -vi

C)
‘ 4-’ V

s-4 Q) V

00 CC C)

.5-I
‘-I

E
CC

ClD C)
00
5-.

U, 0
4) 4-’~~~ -~~ _~; 0
U 0 LI U (I~5—s ~~ 4.J .5 4 U~ U,

~ 0 U,~~~~~4~) ~~~~4.I ~~~~~~ V

0 •e~4 ,-I 4 ) C C  ~~~~~~ -‘ v i -~-~ c
CI) 4-~ ~-4 U 00~—. 0 C) 0 C) 0 ~c~3 c f l  C ) C C • - 4 0.) ~~~~ 0..~~ VI C) V.-i ~~~~ V -~
C) ~ . p-4 ~~.s-~ 5-~~4J ~-4 ‘—4 ~ > 0  0 0  ~fl

— 5- .4 ~~ 5-s .-4 C) ~+4 C) ‘4-4 V
~I 0 0.. — 0. 4-’

• 0 C ) C )  ~~~CC .-i &~ ~~~~ ttj ’4-i C.) 0V E I~~~ 5-. ’— ’ ~~~., I  ~~~ C)
• ~~ .~~~ a, a, V-s

pp~ r~ ~~

IV-37



_ _  

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

Admin istrative Facilities

Adminis trative offices and facilities were
developed for the project level , the s i te  level , and
the work unit level. The cap ital cost and operating
and maintenance cost for these facilities are shown
in Tables IV-30 and IV- 3l.
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Table IV-30 
V

Capital Cos t
Projec t Administrat ive and Central Lab

Administrative Off ices $300 ,000
Central Laboratory 120 ,000
Labor atory Equipment 190 ,000

V TOTA L $6 10 ,000

Operation and Maintenance Costs

Projec t  Admin i s t r a t i ve  and Central  Labora to ry

Maintenance, Supplies , and
Utilities $ 50 ,000

Vehicles 10 0 $1500 15 ,000

Contract Sample Testing 24,000

Repla ce lab equipment, 10-year
Schedule $ 190,000 x 0.07767 14,800

Labor 507 ,000

TOTAL $610 ,000

IV- 39
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Table IV- 31

Capi ta l  and O~ M Costs for Site Administrative
F a c i l i t i e s  (St .  Cla i r  Si te  Used as an Examp le .I

Capi ta l  Cost

Site Administra t ive Facilit ies (5000 SF) $102 , 000
One per site
Field Service Buildings (3000 SF) 54 ,000
One for each 10 m odule work unit

Operating and Maintenance Cost

Site Administrative Facilities

Supplies , Utilities , Maintenance 20 ,000

Vehicles 50 0 $1500 75 ,000

Labor ~~~~~~~

TOTAL $272 ,000

These costs all vary with the size of the site.

Field Service Building

Supplies , Utilities , Maintenance 3 ,000

Vehicles are covered under site cost V

and labor is covered in the module
cos ts

O~M per module $3000 10 = $300

IV-40
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SECTION V
SELECTED DESIGN ALTERNATIVE S

SITES

Th e Monr oe , St . Cla ir , Huron-Tuscola , Lenaw ee , and
Fulton-William s sites are suitable for wastewater app li-

cation . Soils are generally medium textured , highly

capable of adsorbing wastewater constituents and have

sufficient permeabilities to permit wastewater applica-

tion . Land acquisition costs including famil y reloca-

tion and associated legal , administrative costs , etc.

ranged from $750 to $1375 per acre for the five sites .

If all five sites are not needed to treat all or some

portion of the Southeastern Michi gan wastewater , sites

closer to was tewate r  sources should  be perhaps  u t i l i : e d
first to avoid excessive transmission costs. Perhaps

the Huron-Tuscola site is preferred over the Fulton-

Williams site (Ohio) to avoid problems from transmitting

sewage water from one state to another. Because of un-

certainties relating to wastewater flows , use of other
was tewater trea tment al ternatives , etc., irrigation and

collection facilities will be desi gned and costed for

all five sites . V

BUFFER STRIPS

A buffer s trip 100-300 feet in width should exist 
V

along the perimeter of the wastewater irrigation site. The

V -i
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spray irri gation method prob ably requires a buffer strip
on the order of 300 feet; whereas , the graded border V

method of irrigation conceivab ly requir es a narrower
buffer strip. The buffer strip can b e us ed for  fences ,
roads , si gns , canals , landscaping , etc. The buffer strip V

is needed to provide isolation , pro tec tion agains t wind
drif t, and ae s thetic value to the irrigation site. Buffer

strip should exist adjacent to public roads within the
i r r igation site . In the designs for five irrigation
sites , a b u f f e r  str ip of 300 feet width was used in all
cases .

Major rivers run through the i r r igation si tes. In
sev eral cases , lands adjacen to these rivers present

top ograph ical problems . Addit ’~nally, these rivers are
viewed as public proper ty and as such should be ac co rded
buffer protection from the wastewater irrigation sites .

Hence , a corr idor  approximately one mile wide was re-
served along these rivers to eliminate costs of correct-

ing major topographical prob lems and to of f er b u f f e r
protection for the rivers . Lands within these corridors

are not consid ered par t of the irr igation sites and are

not included in land acquisition cos ts.  Pr esumab ly,
the corr idors could be s tate owned and reserved f or
wi ldlife and recr eati onal purpos es.  Corridors ar e in-
clud ed for the Fulton-William s, St. Clair , Monroe , and
Lenawee sites .

WASTEWATER APPLICATION

Some land t r e a t m e n t  f a c i l i t i e s  in the Uni ted States
opera te year around and/or applied mor e than two inches

V -2

VVV VV ~~~~~~~ —-~~~~~~— VV



~

of wastewater per week. But , the average app lication

of two inches per week for 35 weeks is j udged the  most
suitable for the Southeas tern Michigan Wastewater Manage-

ment Program . This judgement is p r i m a r i l y  based upon
(i) climatic and growing season conditions , (ii) soil

permeabilities , (ii i)  g oals  fo r w a s t ew ate r r en ova t i o n  a n d

(iv) performance of operating land treatment facilities .

Detailed r a t i o n a l e  for  selecting the 70 inches of

annual wastewater application was given previously in

Section III.

DI SINFE CTI ON

Chlorination is the selected method for disin-

f ec t ing  the was tewa te r  p r i o r  to land treatment. This

selection is based primarily upon cost considerations .

However , ozonation should be considered a close alter-

nate. Ozonation is more effective on viruses , but is

more costly compared to chlorination. Another contractor

will desi gn and cos t the chlorination facilities .

TRANSMIS SION TO IRRIGATI ON MODULE

Within the wastewater irrigation site , a clay lined

channe l is selected for water transmission to the irri- V

gation module. This selection is based upon cost con-
V siderations . Lining of the channel insures that Un-

treated wastewater is irri gated onto land rather t h a n

seep ing from the canal into groundwater. Consid erable

water could seep from an unlined canal due to the per-

vious nature of some of the soils. Soil perme ah ilities

V-3
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range from 0.2 to >10.0 inches per hour. l~ate r seep ing

from an unlined canal fails to be completely exposed

to the “living filter” and could be only partial ly

renovated.

IRRIGAT ION METHOD

A center pivot irrigation system with land cells

is the selected method for the four irrigation sites in

Michi gan. This selection is based primarily upon cost

and reliability considerations. The design giving 95%

coverage is preferred over the other considered center

V 
pivot irri gation systems . The 95% coverage desi gn has

the greatest overlap of irrigation circles , hut allows

the greatest land usage with a reasonable cost for irri-
V gation equipment.

The gr aded bord er irr igation method is selected for

design at the  F u l t o n - W i l l i a m s  s i t e  (Oh io ) . This  method
costs sli ghtly more than the 95% coverage center p ivot

i r r i ga t ion  sys tems . A r e q u i r e m e n t  f o r  graded border
irri gation is relatively low soil permeahi lities , which

‘
V 

are provided by the Mich igan and Ohio soils. Hence , this

method utilizes the low soil permeabilities to an advan-

tage; whereas , the low permeabilities must be considered

a disadvantage for the spray i r r i g a t i o n  m e t h o d s .  Com-
pared to spray irri gation , graded border is expected to

be less r e l i a b l e  for  producing u n i f o r m  w a t e r  a p p l i c a t i o n .

Fixed set irri gation system is likely the most

rel iable system for producing uniform water application

V-4
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and hi gh performance for wastewater renovation. But ,
the fixed set system is 3-4 times more expensive than
o ther me thods.

UND ER D RA IN SYSTEM

A drainage system using a perforated tile lateral
spacing of 33 feet is selec ted  fo r  u n d e r d r a i n s . Th i s
spacing is based  upon 0 . 2  inches per hour p e r m e a b i l i t y ,
the lowest permeability found in the wastewater irri ga-
t ion s i te  so i l s . The un derdra ins  are r e q u i r e d  to  m a i n -  - •

tam at leas t a five foot depth of aerobic soil and to 
~~~.

collect the renovated was tewater for reuse.

Many of the farms presently existing within the
i r r iga t ion  sites have tile drainage systems . These
tile systems are necessary to drain the soils especially
in the spr ing . Normal ly  these fa rm t i l e s  are placed
30-48 inches below the soil surface. Hence , existing
tile drain systems are believed unsuitable for waste-
water renovation becaus e of insufficient aerobic soil
depth .

An asphalt barrier to insure that applied wastewater
is intercepted by the tiles was not recommended. App lied
wastewater must pass through several feet of medium to

f ine  t e x t u r e d  soi ls  even if the  w a t e r  t a b l e  is be low
the tile drains . Such so i l s  a re  be l i eved  h i gh l y  e f fec-
tive for wastewater renovation and should eliminate the

need for an asphalt barrier. With 70 inches of annual

wastc’water application , the water table will likely be

maintained at the tile drainag e depth . In this case ,

V- s
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the tile drains will intercept applied wastewater and

negate the need for the asphalt barrier. The ground-

wa ter will be moni to red. If unrenova ted w astewater is
de tec ted in the ground water , the irriga tion of was te-
wa ter would be temporar ily suspended and corr ec t ive mea-
sures taken. These measures prob ably will be similar

to those taken if contaminated water is detected coming

from the underdrains installed just above an asphalt

bar r ie r .

REUSE FACILITIES

An unlined channel is selected for transmission

of the renovated water from the drainage modules to the

storage facilities . The storage facility should be a

holding pond sized to retain at least 6-~ 0 days of under-

drain water. Stream outfalls are required for discharg-

ing the renovated water .

GROUNDWATER AND WATER RUNOFF CONTRO L

Observation wells are recommended for monitoring

the g roundwater .  For p l ann ing  purposes , a c l us t e r  of

th ree  we l l s  is spaced about  every t h r e e  m i l e s  a long  the
perimeter of the site. A ditch around the site to inter- V

cept groundwater is not recommended. Very little lateral

movement of the applied was tewater is expected , especially

under a buffer st r ip of about 300 feet width . However ,

a ditch to in te rcep t upland runoff before i t reach es the
irri gation site is recommended. Water runoff and soil

erosion control mus t be practiced on the irrigation site.

L
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SECTION VI
DESIGNS AND COSTS FOR IRRIGAT ION SJ1 V E S

DESIGNS

The Monroe site (Figure VI - ) consists of two sub-

areas of approximately equal size. One subarea is lo-

cated south of th - River Raisin and the other to the

north. The irri gation water i n l e t s  are located on the
west  s ide  of the  s i t e s .  The south subarea has a dis-

charge point into the River Raisin and the north sub-

area has two discharge points , one into the Rive r Raisin
V and the other into Swan Creek. The combined areas can

treat 2.1 billion gallons of water a week or the equi-

valent of 201 million gallons per day (MGD) on an

annual b a s i s  (Table  V I - l ) .

The Lenawee s i t e  ( F i g u r e  V I - 2 )  is located on the

V 
River Raisin between Adrian and Blissfield. This site

is divided into two subareas , the southwest site is

approx imate ly  one -ha l f  the s i ze  of the  n o r t h e a s t  s i t e .
The i r r iga t ion  w a t e r  i n le t s  for  both sites are located
on the west side. The southwest site has one discharge

- . point and the northeast site has two discharge points . 
V

The combined treatment capacity of this site is 0.9

billion gallons per week or the equivalent of 86 MGD on

an annua l basis (Table VT-I ).

The St. Clair site (Fi gure \ ‘I-3) consists of three

subareas located partially in Macomb County , St. Clair

County and Sanilac County. The south subarea is located

VT-i
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Table V I - l
Wastewater App lication

Equivalent
Gallons Annual Daily Rate**

Site per Week Gallons* (MCD)
V 

Monroe 2.1 X 10~ 73.5 x 10~ 201

Lenawee 0 .9  x l0~ 31.5 x ~~~ 86

St. Clair  7.1 x l0~ 2 4 8 . 5  x l0~ 681

Huron- 9 9Tuscola 19.1 x 10 668.5 x 10 1,832

Ful ton-
Williams 5.9 x 10 206.5 x 10 566

TOTALS 35.1 x l0~ 1228.5 x ~~~ 3,366

*Annua]. Gallons = gallons per week x 35 weeks

**Equivalent Daily Rate (MCD) Weekly rate x 35 weeks
365 days x 10

V l - 3
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along the Belle River , wes t of Memphis; the middle sub-
area is located between the Belle River and Mill Creek ,

north of Memphis ; and the north subarea is located be-

tween Mill Creek and the Black River , east of Yale . The

middle and north subareas are approximately the same

size. The south subarea is about two-thirds the size

of the other two areas.  The i r r iga t ion  wa te r  inlet  is
located on the nor th  side of the southern subarea and
the west sides of the other two areas. The south sub-

area has a dischar ge point on the Belle River , the middle
subarea discharges into Mill Creek and the north suba rea
has two discharge points into the Black River. The com-

bined weekly capacity of these subareas is 7.1 billion

gallons or the eqLivalent  of 681 MCD on an annual  bas i s
(Table VI- 1).

The Huron -Tusco la  s i t e  (F igure  V I - 4 )  is the  l a rges t
of the five sites chosen. It is divided into three sub-

areas of approximately equal size. The sites are lo-

cated generally northwest and north of the Cass River

bas in. The irri gation water inlets are all located on

the south sides of the subareas . The discharge points

from the holding ponds are into Sag inaw Bay or direct ly
to Lake Huron. The southern subarea has a treatment

capacity of 5.8 billion gallons per week , th e m i d d l e
subarea 7.2 billion gallons per week , and the eastern 

V

subarea 6.1 billion gallons per week. The combined

t reatmen t capac i ty  is 19.1 b i l l i o n  g a l l o n s  per  week  or
an equivalent daily rate of 1832 MCD (Table VI-1).

VI- 6
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The Fulton-Williams site (Figure VI-5) is located

in Ohio on the St . Josep h River. Thi s is the only  s i t e
that was designed for the graded border concept of
apply ing the ir r i gation water. The site is divided into

two sub area s , one east of the river and the other west
of the river. The northern edge of both subareas is
the Ohio-Michi gan b oundary . The i r r i g a t i o n  in l e t  po int s
are located on the nor thwes t  corners  of each suba rea .
Both subareas have two discharge points. The western
sub area discharges into the St. Joseph River and the

eastern subarea discharges into the Tiffin River. This
• site is criss-crossed by several major hi ghways , one of
V 

which is the Ohio Tu rnp ike .  The g r aded  border  method
of applying the i r r ig at ion w ate r is b e t t e r s u i ted fo r
irregular sites than the center pivot system. The com-

bine d capacity of this site is 5.9 billion gallons per

week or 566 MCD.

Renovated  W a t e r  D i scha rge  Q u a n t i t y

V The quantity of renovated w a t e r  d i scha rged  f r o m
the irrigation sites is approximately equal to the quan-

tity of irrigation water applied. This des ign assump-

tion is based on the following accounting of water applied 
V

and lost. Annual application of 70 inches of irri gation

water plus approximately 31 inches (81) of rainfall equals

a t o t a l  a p p l i c a t ic i  of 101 inches . Evapotransp iration

loss of approximately 27 inches (84) leaves a balance

of 74 inches of water. Allowing for some loss by deep

percolation leaves approximately 70 inches per year to

be discharged through the reuse ponds .
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The reus e storage pond pumps and the  s to rage  pond
capaci t ies  have been designed for a shor t  pe r iod  f low
equivalent to three inches per week d i scha rge  ins t ead
of the average of two inches per week indicated above .

Design Reliabili ty

Overall sys tem reliability has been designe d into
the propos ed land trea tment concep t . From the entry into

the irrigation site to the discharge of the renov ated
wa ter , alternate and backup systems have been provided
at cr it ical points .

The main  t r ansmis s ion  sys tem fo r  hand l ing  the in-
coming i r r iga t ion  wa te r  is based on g r a v i t y  f low in open
canals . The f i r s t  m a j o r  point  r e q u i r i n g  “m a n - s u p p l i e d ”
power is the i r r i ga t ion  module pump s t a t i o n .  R e l i a b i l i t y

V 

at this point is provided by spare pump capacity , looped

electrical power supply, an irrigation system hydrauli-

cally designed to handle 50% more than the average de-
sign appl ica t ion ra te , and a des ign concept that limited

the size of a s ingle module. The irrigation system is

desi gned to apply three inches of was tewater per week ,
but the planned average application rate is two inches 

V

• per week. This hydraulic overdesign is necessary to
V 

make up wastewater applications due to prolonged rainy

weather , we t spring or fall seasons , and cro p plant ing
and harvesting periods . The temporary loss of a sing le

module will have little effect on the overall reliability

of a system .

• yr -b
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Wi thin a single irr igation module , the was tewater

is dis tributed through 16 irrigation ri gs. Each ri g is

individually control led and powered throug h unde rg r ound
V 

conduit runs . Having many essentially identical rigs
simplif ies the stocking and availabi lity of spare par ts.

The f low of the water af ter it reaches the so il
surface module is controlled by gravity . The water per-

colates vertically downward to the tile underdrain later-

als , then by submains and mains to the lower edge of an
i rr igation module. The collected percolate is lifted
by low-he ad pumps into gravity-flow open canals . This

is the second poin t at which “man-supp lied” power is
required. Reliability is again provided by spare pump

capacity, looped electr ical power sup p ly, and if needed ,

mobile diese l-powered emergency pumps .

The renovated wa ter flows by grav ity through open

canals to the reuse storag e pond pump station . This

is the third po int where “man- supp lied” power is required.
Reliability at this pump station is particularly impor-

tant . The collected renovated water is lifted from the

V collection canals into the reuse storage ponds . Re-
V 

liability is provided by spare pumps, looped elec tr ical
power supply , and auxiliar y , au toma tic s tar ti n g ,  diesel

power units.  
V

The reus e s torage pond provides reliability w ith

V 
at least six to 10 days storag e capacity . Even greater

capacity can be provided if a particular location would

require it. Flow from the storage pond to the discharge

points is by gravity flow .

VT-l i
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Aes the tics

The visual impac t of the land treatment s ites on
the general public is of pr ime concern . The interface

with the public will be at the perimeter of the sites

or along highway or river corridors that will cross

the sites . Generally what the public will see is a

giant farming operation. Buffer strips will provide a

transition zone between this g iant farming operation and

adjacent property . Pump ing stations will have low pro-

files and can be attractively landscaped to blend with

the general farm scene .

The most strik ing view of a land treatment site

will be from the air. To a certain extent , some of

the square checker  board pa t t e rn  p r e sen t l y  e s t a b l i s h e d
by the sec t ion  roads w i l l  s t i l l  exist. The most common

description of eastern Colorado , wh ere gian t cen ter
pivot irrigati on rigs are used , is that it looks like

a series of “large green lil y pads floating on a brown

lake.”

Reuse s tor age ponds can be built wi th i rregular ,
“natural lake ” shorelines and the d i s c h a r g e  canals  can
be made to look more like natural streams than manmade V

V canals .

V Cons truction Schedule

The overall construction schedule for the land

treatment project can be quite flexible. As shown in

VI -12
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Fi gure V I- 6, the project can be divided into 11 construc-

tion are as .  Each of these 11 ar eas repre sents a com plet e
treatment site. The sites and subareas are shown in

previous figures.

V Construction crowding does not re-present a restraint

on scheduling . Some ‘f the factors that may set the

overall schedule are need for capacit y , a c q u i s i t i o n  of

V land , ava i  l a h i e  funds , inJ c )n - -truc t ion schedule of

sewage collect i ~ n and t r e a t  m e n t  IVVH ect s

The on-st r -ar’ ~VV V ~~~ a~ i~~e wi t h i n  a construction site

can be scheduled h~ t i rs t con~ tr uc tin g the ma jor trans-

mission canals , F l l V ~~1 
s t I t i 1 n ~~, reuse storage fa cilities ,

an d out fa t I st  ru~ ‘ r e -  . I r r I ~~.i  - -n  an d  d r a i n a g e  mod ’i les
cou l d  t h e n  he h r u , ~h t - n - s t  r e am as t h e  c o n s t r u c t i o n  ~V o r k

is completed en e a c h  m o d u l e . T h i s  i s  r e p r e s e n t e d  b y the
dashed lines on he ‘ in st - i l  led Treatment 1ap ;i c i tv ” curve

of Figure V I - h

COSTS

Costs for the components of the Irrigation and

Collection fa c ilities are tabulated for each site in
Tables VI -2 , V 1 - 3 , V I- 1 , V l-S , VI-6. Additionally, 

V

V the energy requirement is displayed for those components

requiring power. Costs are summarized in Table VI- 7.

Total capital cost for all five sites plus project ad-

ministration and laboratory is about $1.68 bill ion and

annual O~M costs are about $69.7 million . The total

annua l cost is about $169 million. Annualized cost

• VI -l 3
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Fi gure  V I - 6
CONSTRUCTION SCHEDULE
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is the sum of the annual O~M (includes replac ement
cos ts) and the annual capital recovery (amortization and

interest). The capital recovery in Table V I- 7 is based

on 50 year life and 5.5% interest rate. Costs per

million gallons of was tewater trea ted are: $1,367 for
capital , $57 for annual O~M, $8 0 for annual cap ital re-

covery , and $137 for total annualized costs . If the

interest rate is increased from 5.5% to 7% or 10% , the

total annualized costs become $155 and $193 , respectively
(Table VI- 8). This assumes same cap ital data , but replace-

ment fac tors and capital recovery factors were calculated
at 7% and 10% interest rate to show the significant effect

of this variable.

V T -is
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Table VI-2

V Costs for Monroe Site

(M$ = 1000)

Unit Cost Capital Cost OaK Energy
CS) (KS) (M$/Yr) ( MWH/Yr )

Land

Acquisition 41,040 Ac 1.084 44,487
Faaily Relocation 1.391 Vi. 5,000 6,955
Legal Ada. • 10% 5,144
Woodland Clearing 2.520 Ac 390 958
Sit. Preparation 41 ,040 Ac 100 4.104

V Transaiss ion V

V V Clay Lined Channels 42.4 Mi 42,400 1.798 18

Irrigation Method

Centsr Pivot—9 5% 16 Mod 1,461 23,376 2,469 784.000
Runof f Control—

Land Cells 16 Hod 77 1,232 203

Drainage

33 ft Lateral Spacing 16 Mod 1,675 26.900 791 15,000

Reuse

p,a.ping 6,750 HP 80 540 513 40,000
Unlined Channels 34.2 Mi 16.560 566 5.7
Storage Facilities 1.6 Sq Mi 1,200 1.920 19.2

Outfalla

Unlined Channels 0.6 Mi 40,000 24 .2
Outfall Structures 2 ea 20,000 40 .4

Observation Wells 4,400 Ft 9 35 .4

Upland Ditches forV 
S~ir!ace Water Collection 22 Mi 15,000 330 3.3

General Site

Electrical 16 Mod 100 1,600 46
Field Service Buildings 16 Mod 5,400 86 5
Site Misinistration 1 Site 102 102 202

TOTAL 120 ,097 4.282

V 
~ 4WH/Yr — .egawatt hours per year

VI-l6
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Table VI- 3

Costs for Lenawee Site

(M$ = 1000)

Unit Cost Capital Cost 06M Energy
t j i j t  ($1 (KS) (M$/Yr) ( M WH / Y r )

Land

Acquisition 19.300 P.c 960 17 .569
Family Relocation 305 Fan 5.000 1.525

V Legal Mm . + 10% 1,909
Woodland Clearing 1,010 Ac 380 384
Site Preparation 18,300 Ac 70 1.281

Transm ission

Clay Lined Channels 19.8 Mi 42 ,400 840 9

V Irrigation Method

Center Pivot—95% - 6 Mod 1,461 9.766 926 300 ,000
Runoff Control-

Land Cells 6 Mod 100 600 90

Drainage

33 ft Lateral Spacing 6 Mod 1.675 10 ,050 299 6 , 000

Reuse

Pumping 2,710 HP 80 217 206 16,000
Unlined Channels 13.6 Mi 16 .560 225 2
Storage Facilities 0.6 Sq M i 1,200 720 7

Outf a il s

Unlined Channels 0.9 Mi 40 ,000 36 .4
Outfall Struc tures 3 ci 20 ,000 60 .6

V 

Observation Wells 2 .400 Ft 9 19 .2
V Upland Ditches for

V Surface Water Collection 10 Mi 15, 000 150 1 . 5

V 
- General Site

• Electrical 6 Hod 100 600 18
Field Service Bld gs. 6 Mod 5 ,400 32 2
Site Administration 1 Site 100 102 155

V 
TOTAL 45 ,08 4 1,716

MWH/Yr — megawatt hour s per year

V 

VI -l7
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Table VI-4

Cost for St. Clair Site V

(M$ = 1000)

Unit Coat Capital Cost O&M Energy
Em it (5) (14$) (M$/Yr ) (MWH/Yr ’)

Land

Acquisition 149,220 Ac 611 91,173
Family Relocation 2 ,130 Fan 5.000 10 ,650
Legal Mm . + 10% 10,192
Woodland Clearing 14 ,200 Ac 390 5,396
Site Preparation 149,220 Ac 45 6,715

Transmission

Clay Lined Channels 112 Mi 42,400 4,749 47

Irri gation Method

V Center Pivot—95% 54 Mod 1,461 70,894 8 ,332 2 ,646 ,000 V
Runoff Control—

Land Cells 54 Mod 100 5, 400 810

Drainage

V 33 ft Lateral Spacing 54 Mod 1,675 90,450 2,690 50,000

Reuse

Pumping 23,090 HP 80 1,847 1 , 756 133 , 000
Unlined Channels 116 Mi 15 ,560 1.920 19
Storage Facilities 5.) Sq Mi 1.200 6,360 64

Outfalls V

Unlined Channels 1.9 Mi 40,000 76 .9
Outfall Structures 4 ea 20 ,000 00 .8

Obaervat ion Wells 9 , 000 Ft 8 72 .7

Upland Ditches for
~~F~ace Water Collection 10 Mi 15 ,000 150 1.5 

V

General Site

Electrical 54 Mod 100 5, 400 156
Field Service Buildings 54 Mod 5,400 292 16
Site Mininietration 1 Site 102 102 272

TOTAL 319, 908 14,166

‘MWH/Yr - megawatt hours per year

VI- 18
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Table  V I - 5
Cos ts  f o r  U u r o n - T u s c o l a  S i t e

(M $ = 1000 V)

Unit Cost Cap ital Cost O&M Ener.-jy
Unit (5) (1.1$) ( M $ / ? r )  ( V V

} I Y I V * )

Land

Acquisition 388 ,9 7 0  Ac 66 4 2 5 8 , 276
Family Relocatuon 5,298 Pam 5,000 26 ,490
Legal Adni . + 10% 29,476
Woodland Clearing 23 ,200 Ac 380 8 ,8 l E ~Site Pre n ar aill n 388 ,970 Ac 45 17 ,504

Transmission

Cla y I.ined Channels 302 M i 59 ,000 17 ,818 178

V Irrigation_Method

Cente r P i v o t — 9 5 %  145 Mod 1, 461 211 , 84 5  22 , 3 7 4  7 , 1 0 5 , 0 0 0
Runoff Control- V

Land Cells 145 Mo1 100 14 .500 2 ,175

Dra inage

33 f t  Lateral Spacing 145 Mod 1 ,675 242 ,875 7 221 134 ,6~ D

V Reuse

V Pumping 62 ,500 lIP 80 5 ,000 4 ,750 3, cs~
Un lin cd Channels 275 Mi 18 ,000  4 ,950 5 0
StorViqe Pa cil iti c s 14 .~ Sq M i 1, 200  17 ,4 0 0  1. 74

Unlined Channels 6.6 Mi 40 ,000 264 2.6
O u t f a ll  S t r uct u r e s  6 Ca 20 ,00 0 120 1.2

Observa tion We11 ~ 13,400 Pt 8 107 1 .1

Up land Dit ches for
S~urface Water Collection 33 Mi 15 ,000 495 5

General Si te

Elec trical 145 Mod 100 14 ,501 4 20
Field Service Bui ldin7 s 145 Mod 5 ,400 783  44
Si te Adm inistrat ion 1 Site 102 102 407

TOTAL 870 ,32 1 37 ,803

‘KWH /Yr megawatt hours per year

VI -l 9
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V - Table VI-6

Costs for Fulton-Willjams Site

(M$ = 1000)

Unit Cost Capital Cost OaK Energy
_tS) (91$) (KS/Yr) (MWH/Yr ’)

Land

Acquiaiti on 114 , 000 AC 677 77 ,178
Family Relocation 2, 987 Faa 5,000 14 , 935
Legal Adn . + 10% 9 ,211
Woodland Clearing 15, 680 Ac 380 5 .958
Site Pr eparation 114 , 000 Ac 45 5 , 130

Sranmiiisiion

Clay Lined Channels 114 Mi 53,070 7,642 77

V Irrigation Method

Graded Border 49 Mod 2,150 105, 350 6 , 615 2 , 400 , 000

Dra inage

33 ft Lateral Spacing 49 Nod 1,675 92 ,075 2,440 45 ,500

Pumping 21 , 100 HP 80 1, 688 1, 604 122 , 000
Unlin.d Channels 106 Mi 16 ,S60 1, 755 18
Storage Facilities 4.9  Sq M i 1,300 5 , 880 59

Outfalls

Unlined Channels 1.2 M i 40 ,0 00 48 .5
Outfall Struct ur es 4 as 20 ,00 0 00 .8

Observation Wells 6,800 Ft 9 54

Upltnd Ditches for V
V Surface Water Collection 36 Mi 15,000 540 5.4 V

General Site

Electrical 49 Mod 10 490 14
Field Service Buildings 49 Mod 5,400 265 15
Site Administration 1 Site 102 102 271

TOTAL 322 . 791 11, 120

MWH/Yr • megawatt hours per year

VI -20
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Table VI-7

Summary of Capital and Annualized Costs
All Sites

V 
$ in l000

Total
Capital Annual

V Site Capital O&M Recovery Costs

Monroe 120,097 4,282 7,093 11,375

Lenawee 45,084 1,716 2,663 4,379

St. Clair 319 , 908 14 ,166 18, 894 33 ,060

Huron—
Tuscola 870,321 37,803 51,401 89,204

Fulton-
Williams 322,791 11,120 19,064 30,184

Project
Admin. & 610 610 36 646
Labor 

_________  ______ ______ _______

TOTAL 1,678,811 69,697 99,151 168,848

Annual wastewater application of 1228 x ~~~ gal.

Cost per
million gallon 1,367 57 80 137

V wastewater
V treated

(Dollars/MG )

VI-2].
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SECT I ON V I I
CROPPING SYSTEMS AND FARM OPERAT I ON

V CLIMATE

The Southeas tern  Michi gan area has a c l i m a t e
cha rac t e r i zed  b y a mean annual t empera tu re  at  1)e t ro i t
of 49°F , ranging from a mean high of 73 °F in July to  a
low of 2 5 ° F  in January . Temperature extremes of 105°F
and - 2 4 ° F  are recorded (81) .  The growing season (mean
length of f r e e z e - f r e e  per iod)  ranges from about  150 day s

— in the nor th e rn par ts  to 180 days near  the  Ohio border

(22). Mean monthly temperatures are above 32°F at
Detroit from March through November (81).

Average annual p r e c i p it a t i o n  for  S o u t h e a s t e r n  M i c h i -
gan var ies  from 28 to about 34 inches , spread  r a t h e r
uniformly throughout the year (81). During the gr o C~. ! ng
season , an average of about 0.7 inches preci pitation

V occurs each week. Average annual prec ipitation CXCCciI S

the average potential loss from evapotransp iration by

5-10 inches (84).

CROP SELECTION AND NUTRIENT REMOVAL

The basic function of the cropping s~ stern is to

provide for continued renovation of the wastcwater
appl ied as frequent irrigations on the lz~nd t re.~tment

si te. Th is can only be acc omplished on a long te rm
bas is if the chosen crop s can remove nutri ents fast

enough to prevent rap id accumulation of toxic nutrient

VII -l



levels in the soil. The economic value and use of the

crop is of interes t, but a less important concern .
Farm operat ions are dictated by the crops se lec ted and
the desired use of the crops .

The CRREL Rep ort (82) s ummarizes the nutr ient up-
take capability of various crops (Table VIII-l) . This

information indica tes that grass cro ps an d the deep
rooted legumes use relative ly large amounts of the

various plant nutrients. The three crops , alfalfa ,
V corn , and reed canarygras s, account for the greatest

- uptake of all the nutrients. The potassium uptake of

potatoes is an exception , but only if the tops are

I harve sted , which  presents a utilization or disposal

- 
p roblem.

- 

Crop Rotation

A given se lec ted  crop could  be used continuously
for a few years and should remove its expected amounts

V 

of nutrients as long as the crop remained vigorous.
V However , long con ti nuou s us e of on e crop of ten en coun-

ters a buildup of p roblems (diseas e , insec ts , weeds ,

- . 
etc.)’ peculiar to that crop . Such problems could re-
duce the stand and v i g o r  enoug h tha t  n u t r i e n t  removal
would no longer .be satisfactory . Crop rotation has

V 

long been recognized as a means of combatting such

problems .

Another reason for  us ing  a r o t a t i o n  of crops re-

lates to the overall remova l of nutrients. 1)ificrent

crops remove differen t amounts of the various plant

V 
nutrients and other wastewater elements (82). Thus , a

VI I- 2
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Table VU-i

Uptake of Various Elements by a Sampling
V 

of Agricultural Crops (lb/acre).

[Reproduced f rom CRRE L Report  ( 8 2 ) ]

Plant part N P S B K Ca Na Mg Fe Mn Zn Cu

V Corn
Grain 95 16 9 0.2 15 2 7 9 0.17 0.45 0.28 0.017
Sta lks 60 9 10 0.2 37 19 14 1.20 0.96 0.36 0.042
Tota l 155 25 18 0.4 52 2L 23 1.37 1.4 1 0.64 0.059

Corn grain
and stalks 86 17 118

Wheat
Gr ain 52 9.6 4 0.1 10 2 1 3 0. 19 0. 14 0.12 0.017

V Straw 24 3.9 7 0.2 32 10 5 0.50 0.32 0. 08 0.014
Total 76 14 11 0.3 42 12 8 0.69 0.46 0.20 0.03 1

W h ea t grain
and straw
(1) 62 12 37 8
(2) 50 9.2 7.8 23.9 6.6 2 4.3

Soybeans
(1) 113 18 10 0.05 48 26 16 0.63 0.23 0.033
(2) 99 14 40

Alfalfa
(1) 155 16 16 0.6 110 120 3 15 0.90 0.48 0.30 0.06
(2) 220 21 110 150

Red clover
(1) 126 13 9 0.22 80 92 4 22 1.02 0.6 0.25 0.1
(2) 120 12 81 76

Reed canar y
(1) 98 10.9 9.4 69. 1 64.4 3.8 17
(2) 226 36

Pota toe s
Tuber and
Tops 200 8 10.4 220 52 16.3 0.028

Tuber and
Tops 80 16 120 31

Tuber 46 9.4 2.7 63 .5 2.4 2.8 3.8

V V II-3
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rotation of crops helps maximize the long term con ti n u - V

ous removal  of a l l  nutrients applied to land treatment

sites.

Table  V I I - 2  ou t l ines  the four  comp onent p a r t s  of
the crop ro ta t ion  chosen fo r  w a s t e w a t e r  i r r i g a t i o n  s i t e s .
The four cropping components are presented in the se-

quence of t h e i r  occurrence in the  crop r o t a t i o n .  The
V harves t  and use alternatives indicate the variety oI

V

p os s ib i l i t i e s  a v a i l a b l e  in u t i l i z i n g  t h i s  c rop r o t a t i o n .

V A l f a l f a  and red c lover  are r e l a t i v e ly  heavy  users
V of K , Ca , N , P , S, Mg,  B , Fe , Zn and Cu.  I n n o c u l a t i o n

o f al falf a for  no dulat ion sho u ld be om i t t ed  to encourage

more N uptake f rom the soil  and d i s co u r a g e  f i x a t i o n  of
atmospheric N2 (although n odu le f ormin g bacteria are

V often present in the soil depending how long it has

been s i n c e  a l l a l f a  was  g r o w n ) .

Corn uses relatively large amounts of the same nu-

trients as the legumes except less Ca is used. Corn

takes up somewhat more Mn and Zn. Forage sorghums could

be s u b s t i t u t e d  for  corn bu t  g e n e r a l l y  are not  as ~4. C l 1
adapted and have less a t t r a c t i v e  use p o t e n t i a l  t h a n
corn ( 33 ,83L Sorghums are planted later than corn V

• and could be considered as an emergency  r e p l a c e m e n t
for c orn wi th green chop use o p p o r t u n i t i es  ( 3 5 ) .  Sorg-

V 

hum-sud angrass hybrids appear to be the best yielding

sorghum types  fo r  Michi gan (34)

Reed can arygrass is outs tand ing for its use of N ,

P and B. It is t h e  only c rop show n to remove si :able
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V amounts of Na and Fe. It is well adapted to wet sites ,
very produc tive and is a pala table , nutritive forage
grass (30,51 ,54). Reed canarygrass makes good grass

silage with a protein content approaching 17% , if cut
ea r ly .  This  is comparab le  to a l f a l f a . The p a l a t a b i l i t~
and protein content are both very good if grass hei ght

V 
is not allowed to exceed 12 inches before cutting. At
th is  ear ly  s t age , f i e l d  chopp ing and d e h y d r a t i n g  to

V pel le ts , meal or o ther  products  would  p rov ide  a good
sour ce of protein for the feed industry . When harvested

V for hay, reed canarygrass usually is allowed to reach
the early seed head stage b e f o r e  c u t t i n g .  Tonnage  is
grea ter  but  the p ro te in  content  drops to  1 0 - 1 2 %  and
p a l a t a b i l i t y  is reduced.

Smooth bromegrass is a productive , palatable , i~e 1 1 -
adapted perennial grass for southern Michigan. it is
widely used in combination with legumes , especiall y

alf alfa ( 37 ,51 ,54), Grass-legume mixtures should prov ide
the best prospects for maximum removal of a wide range
of nutrients. Timothy is a palatable forage grass that

could he a second choice alternate to replace bromegrass
or supplement the grass .legume mixtures (34 ,3~7). 1~eed

canarygrass is too aggressive to use compatib ly with 
V

a legume such as al fa lfa or red c lover. V

Crop Removal of Nutrients from Wastewater

The selected cropp ing system includes a mix of

crops that provide a broad base of general renovative

capabilities. However , this cropping system will likely

\ ‘II- 7
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not remove the full quantity of nutrients contained in

- - the wastewater. Table VIII -3 compares the expected

nutrient application with nutrient remova l by crops.

Nutrient application is based on 70 inches of typ ic al
wastewater containing the concentrations as earlier

shown in Table 1-1. Twelve of the commonly recognized

16 essential elements for plant growth are considered.

Carb on , hydrogen , oxygen , and molybdenum are omitted.

The estimates for crop removal in Table V Il-~ repre-

sent the ranges of uptake for corn , alfalfa , red clover ,

and reed canarygrass as shown earlier in Table VIII - .

Crop uptake of nutrients depend on many variables such

as soil , fer t il i ty of land , soil moisture , climate ,

diseases , crop , etc. Thus , values for crop removal in

Table V I I - 3  are used only to show magnitudes. The

n u t r i e n t s  app l i ed  in the  w a s t ew a t e r  bu t  no t  removed b y
the  crop s w i l l  be e i t h e r  retained in the soil or dis-

charged  i n t o  the t i l e  d r a i n a g e  w a t e r  or g r o u n dw a t e r .

V 
The c ropp ing sys tem removes only a portion of t h e

total nitrogen applied in the wastewater. Nitrogen

not removed by the crops is expected to be largely con-

verted to soluble nitrate. Unless this nitrate under-

goes denitrificat ion , considerable nitrate-nitrogen

will leach through the soil and enter the tile drainage 
V

system or groundwater. h owever , considerable denitri-

f i c a t i o n  is expected  fo r  the  Sou theas t e rn  M i c h i g a n
i r r igation sites. As much as 30-50% of the applied

nitrogen could possibly undergo denitr ification.

Phos phorus is expected to be almost complete l y

V 
remov ed by t h e  soi l  but  only  p a r t i a l l y  u t i l i z e d  by crop

V I I  - 8
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Table VII-3

Crop Removal of Nutrients from Wastewater

Applied in 70” Crop Removal Difference
of Typical

Nutrient Was tewa ter lb/acr e/year
V Nitrogen 315 86 - 226 81 - 229

V Phosp horus 157 12 - 36 121 - 145

Copper 1.4 0.06 - 0.1

Iron 1.4 1.3 - 17 -

Manganese 3.2 0.48 - 1.41 1.8 - 2.7

V 
Zinc 3.2 0.25 - 0 .64  2 . 6  - 3.0

Boron 10.5 0. 22 - 9.4 1.1 - 10.3
V Chloride 1575 - < 1 5 7 5

Sulfur (as
sulfate) 1960 27 - 54 1906 - 1933 V

Calcium 315* 21 - 150 165 - 294

Potassium 140* 52 - 118 22 - 188

Mangesium 80* 3.8 - 23 57 - 76

V *Average values for secondary treated effli~ent. Taken V

from Table 3-I of CRREL Report (82).

VII-9
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growth. The phosphorus not removed by cropping is ex-
V 

- 
pec ted to accumula te in the soil  at a ra te exceeding

V 100 pounds per year. The soils are expected to be

capab le of removing and s toring phosphorus at this
rate for many years.

Copper also w ill like ly accumulate in the so il
since very li tt le is used by p lants. As long as pH

is maintained above 6.5, plants can tolerate as much

as 500 ppm in the soil (11) . This is equivalent to

approximately 500 pounds of copper per acre in the
surface three inches of soil. With proper pH manage-
ment , the annual app licat ion of 1.4 pounds copper per
acre should pose no short  term crop t o x i c i t y  prob l ems .
Essentially all the iron contained in the applied

V wa stewa ter should be removed b y the crops.

Manganes e will likely accumulate in the so il
sinc e average annual crop use of this element ac counts
fo r  less than ha l f  of the amount de l ivered  in the w a s t e -
water. [f the pH is  main ta ined abov e 5 . 5 , crop s w i l l
tolera te more th an 2 ppm in the soil  s o l u t i o n .  This
would be 10 times the manganese concentration in the

applied wastewater hut some concern is justified rela-

tive to the eventual accumulation of crop toxic levels. 
V

Zinc is also retained by the soil and will accumu-

late since more is applied than can he utilized by the

crops. If the soil pH is kept above 6.5 it is possible

that crops will tolerate more than 2000 pounds zinc

per acre (11). Even without crop removal , it would

take many years to accumulate phytotoxic levels in the

soil. The amoun t of time elapsed before phototoxic
V 

accumula tions are reached is uncer tain.
VI 1-10
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V Boron also occurs  as a s o l u b l e  s a l t  t h a t  pa s se s
through the soil with the drainage water. Reed canary-

grass appears to be capable of removing most of the

boron conta ined  in the  w a s t e w a t e r  t h a t  is appl ied d u r i n g
the growing season . When other crops in the rotation 

V

sys tem are p resen t , most  of the boron should  pass t h r o u g h
wi th  the d ra inage  water. Consistent leaching and re-

moval of excess boron will be important since it could

otherwise accumulate to a phytotoxic level in the soil.

Chlorides , su l fa tes , calc ium , potassium , and mag-

nesium are supplied in much greater quantity than crops

can be expected to use. Since these salts are soluble

and not retained by the soil , they will largely pass

through the soil and be discharged through the under-
drain. One exception is potassium because of fixation

by clay minerals .

FARM OPERAT IONS

Rotation of the cropping system over a relatively

long period is preferred to minimize the cost of

frequent crop changes (tillage and seeding costs). A

10-year rotation is prescribed to meet this objective .

The cropp ing components occurring in the A , B , C , D

sequence shown in Table VIII-2 would have rotational

VII -11
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use periods a l l o t t ed  as follows : A-3 years , B-2 years ,
C-2 years , and D-3 years . An a l t e r n a t i v e  is the  use
of a 12-year rotation , 3 years  for  e ach cr opp ing

V component . The 10-year rotation is preferred for

reasons to be explained.

Farming activities in the crop rotations are

summarized in Table VII-4. The rotations would beg in
the same with three years of alfalfa-bromegrass. The

V four th year , field corn is planted into the established

alfalfa-bromegrass sod using “no-tillage ” practice

(25 ,47,49,66). Herbicides would he app lied in a narrow
band over the row as the corn is planted , preferably

using a 40-inch row spacing. Only the soil in the corn

row is disturbed during the one-tri p planting operation.

Herbicide spray ing is done mainly to control vegetation

in the seeded rows . This decreases plant competition

V with the corn to help it become established. The fifth

year , corn is again seeded using “no tillage; ” however ,
the  corn rows are  p l a n t e d  midway between previous rows.

The sixth year of the 10-year rotation , red

clover is seeded with limited tillage and disturbance V

of existing alfalfa-bromegrass. The use of a range-type

drill could be the easiest approach . A light discing

VII -12
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Table VII-4

Summary of Farm Operations Using 10 or 12-Year
Rotations of the Cropping System * Described in

Table Vu -i

Time Approx . Custom
of Year Sequence of Activities Rate ($/Ac re)**

A. Alfalfa-br omegrass
Planting (including $25

Apr .  (or seedbed prepara t ion)
Aug) Plow ($ 8/A)
(Planting Disc ($4/A)
year only) Drag harrow ($ 3/A)

Planting ~ seed ($10/A)

V s rin Aerial spraying (including
1’ g insecticide)

Spring to Harvesting 3 times/season ***
V Fall Alt ernative methods :

Field chopp ing ($ 18/A)
Mowing ~ Conditioning($4/A)
Baling ($8/A)

V 
Cubing ($ 12 /A)

V B. Alfalfa-bromegrass -corn

Early May Corn p lan t in g (“ no-tillage ”
method) , including seed , $13
herbicides and insecticides

Summer Aerial s praying (including $6insecticide) V

Aug. to Harvesting (staggered dat ’s) ~~~
Oct. Alternative methods :

V Fiel d chopping ($18/A)
Combining ($ 12 /A)
Drying ($.l0/bu x 100 bu/A)

VT 1-13
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Table V I 1- 4  (Contd . )

Time Approx . Custom
of Year Sequence of Activities Rate ($/Acre)*

Apr. (or C. Alfalfa -bromegrass-red
A u g . )  clover

1
g

) P l a n t i n g  red clover $9
Disc ($4 / A)  V .

Planting ~ se ed ( $5 /A)
Spring to Harvesting 3 times/season * * *
Fall Alternatives: Same as

(A) Above F
D. Reed canarygr :~ss

Apr .  P l a n t i n g ,  inc .  seedbed $16
(or Aug.) preparation

Disc twice (2x$4=$8/A)
(Late summer-fall and/or
spring)

Planting ~ seed ($8/A)

Spring to Harvesting 3 times/seas on * * *
Fa ll -Uternatives: same as

(A) above

Fall (last A erial spraying (crop ter- $20
year in rota- mination with herbicide)
tion)

*All c r op r otat ion co mp on e n ts ar e in consta n t ope r at io n and
rotation so that at any one time the proportional
acreage of each crop system occur as follows :
~or 10 year rotation : (A) = 30% , (B) 20 % , (C) = 20% ,

(D) = 30%

~or 12 year rotation: (A) = 25% , (B) = 17 % , (B) without
corn = 8% , (C) = 25% , (D) = 25%

• ø V V *~ s for custom operations based on MSU Ext. Bul.
.~~~~~~ (80). I’rjces of seed and chemicals based on

V r r ~~~~nt mark et prices for large lot purchases. Local V~~~ -

~It i1. r is Lonsulted (rop seeding and chemical
V , —~ •r’ Lere prim aril y based on MSU recommendations

t V )  he sold as standing in the field. Con- LV~
- ~ Il l  harvestin g and crop removal costs.

Vu — I l
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and conventional packe r-d r i ll  seeding may be adequate .
It is assumed that the alfalfa and/or bromegrass v igor

may be declining espeical ly af ter the compe tit ion fr om
two years of corn (37,51). Adding red clover would hel p
restore total forage productivity. If herbicide residue

injury to red clover is a problem , then nothing would be

planted the sixth year , and the ex ist ing alfa lfa-
bromegrass would be utilized for all or part of one

season af ter corn. This would lead to a longer rotat ion .
Such an extens ion of the crop rotation probably w ill not
be necessary if a narrow-band (e.g., 4-6 inches),

herbicidal treatment is used or if a short residua l

herbicide is used the second corn year .

Red clover vigor often declines after the second

year (51). With this in mind , the plan for the ten-

year rotation is to change to reed canarygrass at

that time. If the forage productivity of the red

clover-alfalfa-bromegrass mixture is still acceptable ,

the changeover to reed canarygrass can be delayed

a year for the longer rotation. It may be necessary
to disc twice before seeding the reed canarygrass.

One of the bes t approaches m a y  be to disc in the fall ,

aga in  the fo l lowing  spr ing , and then p l a n t .  Once
the seeding becomes es tabl ished , reed canarygrass
should do very wel l since it is such a s t rong
comp etitor.

Near  the end of the third season for reed canary-
grass , a herbicide is applied to kill the sod in

pre pa ra tion for resum ing the fol low ing spring wi th
the alfalfa-bromegrass seeding (30). It is antici pated

V I I- l S
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that plowing will be advisable as part of the seedbed

V preparation for starting the crop system rotation over

again with alfalfa-bromegrass . This would be a logical

time to make any necessary land repairs , such as land

filling, land leveling, or any major work on the
underdra in sys tem.

All stages of the cropping system rotation are

expected to be in operation at any one time after the
V 

initial start-up period is completed . The simplest

way to beg in the ten-year rotation would be to start
with alfalfa-bromegrass each year for ten years as

the site land is developed.  The s t a r t- up  per iod could
be reduced to five years by establishing alfalfa-

bromegrass on only half of the newly developed site

land and alfalfa-bromegrass-red clover on the remaining

area. This would he repea ted  every year  for  f i v e
y e a r s .

Dur ing  the course of the cropp ing system rotation , 
V

it will be impori :ant to mainta in control of soil acidity.
V - Liming may be necessary to prevent soil acidity from

dropping below pH 6.5. This is necessary to maintain

favorable growth conditions for the legumes. It is

also important to keep the pH above 6.5 to prevent

phytotoxic releases of certain heavy metals such as

Mn and Zn.

For planning purposes , the cost of farm operations ,

exclusive of irrigation operations , is assumed to be

abou t equal to the field value of farm products pro-

duced. Some deviation , plus or minus , would be likely

VII -16
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depending on seasonal or climatic variations , market

conditions , labor costs , and other unpredictable
cropping variables. The cost of irrigation operations

are presented elsewhere in this report.

V 
All farm operations are expected to be contracted

including disposal of the crops (Table VII-2). By

V 
sell ing the crops as they stand in the f ie ld, crop
harvesting and removal would be obli gations of the

contractor. The methods of harvesting and removal

should be specifi ed by contract so that control of

overall farm operations can be retained.

V Preferred crop disposal methods would be those that

remove the crop at the earliest possible date with only

one pass through the field. Harvesting methods that
V 

accomplish this include field chopping or earl y combining

and totally removing high-mois ture crops . Less desirable

are those practices that involve cutting the crop but

leaving it to dry in the field for several hours to

several days before removal (56). Such practices cou~d

cause annoy ing de lays  in i rr igation operations and risks

partial to complete loss of crop value because of rain

damage (40) . The least desirable crop removal practice

is the one where corn is allowe d to go beyond maturity

V to field dried condit ion (requiring no art if icial
V 

drying after harvesting) . This practice would consume

the entire growing season and accomplish crop removal

only one t ime . The “by-produc t ,” dry stover mixed w ith

the green grass-legume forage , would likely have limited

utility and crea te a disposa l p rob lem. The f ie ld drying

period would shu t down irri gation operations until the

corn was removed.

VI I- 17 
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Crop use alterna tives , presented in Table V I 1- 2 ,
provide a feel for the ultimate use possibilities in

relation to the various methods of crop removal. Field

chop harvesting provides numerous use alternatives.
Commerc ial dehy drators have recently be en deve lop in g

new or specia l ized products to expand the utility of
dehydrated alfalfa (1,4,65). Other forages are also

be ing fie ld chopped and dehydrated , includ ing forage

sorghums and grasses more typically thought of as

pas ture grasses (32 ,61 ,77). More recently, dehy dration
of the whole corn plant has been reported (32). All

these products are useful components of specially
V prepared feeds for livestock .

Field chopping is the conventional method to

harvest various crops for silage including corn (36,39),
V 

grass- legume mixtures (31,54 ) ,  forage sorghums (83) and
reed canarygrass (54). For continuous silage programs ,

a re commende d practice in Michigan utilizes corn to

provide silage from October through May and alfalfa-
-

V bromegrass si lage (“haylage”) for June throug h
September (31).

Harvesting methods involving some field dry ing

af ter cu tt ing are al so used by commercial  dehy drators
and for sila ge. By adding portable or stationary

artificial dry ing one has the option of hay cub ing. The
latter is a new practice with advantages over baling

hay, pr imarily the opportunity of removing the crop
V sooner w ith less ri sk of rain damag e . Cubed hay is

also easier to transport and handle in automatic feeding

systems with less waste (3). A r t i f i c i a l  d ry ing  can a l so
V be util ized to a llow earl ier hay baling (67).

VII-l8
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Harvesting corn as soon as it become s physiolog i-

call y mature has become a standing recommendat ion for
V making corn silage (36). A more recentl y developed

practice is to harvest at this early date and ensile V
V 

high-moisture shelled corn or high-moisture ground

ear corn (38). Artificia l drying would make it

possible to combine the corn and store the shelled

V grain conventionally. The green stover , legume and

grass portions removed could be made into silage.

V With the various harvest and use alternatives ,

it is probable that harvesting activities of some

type will be going on continuousl y on a crop som ewhere

- 
during the irrigation farming season. Staggering the

V crop harvest dates will help program crop removal so

that contractors can more efficiently schedule harvesting

activities. Some staggering of planting dates each

year would also be desir able.

Pest control treatments will be expected to be

needed . Whenever alfalfa is present it w ill likely
-‘ be necessary to spray for alfalfa weevil. Corn root-

worm is also likely to be a problem that requires

treatment at time of planting where “no-tillage ” corn V

• is involved. Other pest problems will likely occur

V 
and require attention on a demand basis. The pesticides

wi ll be applied by contracted applicators , using aerial

app lica tion whenever possible. Ground app lication

would take too long and cause delays in irri gation

s c h e d u l e s .
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IRRIGATION MANAGEMENT

Details and discussion of the quantity and rate

of wastewater application is presented elsewhere in

this report. The average of two inches per week for V

35 week s is planned. As much as three inches per week 
V

can be appl ied if necessary.

The peak wa ter use by crops is expected to be 0.3
V 

inches per day (45) which would be 2.1 inches per week .

Rainfall averages about 0.7 inches per week during the

warmer months in the southeastern Michigan area (81).
With the capability of applying three inches waste-

water per week , the water requirement for the crops

should be met without difficulty.

The length of the irrigation season is expected to

average approximatel y eight months. Climatic year-to-
V year variations could easily alter this irrigation

period a month or longer (22,81). The months of April

through November would be the expec ted irr igation per iod
V 

but the crop growing period would be approximately two

months shor ter running from about late April or May

into October . The growing season varies from about 150

to 180 days in the southeastern Michigan area. 
V

AUTOMATION AND OTHER POSSIBLE INNOVATIONS

Min imum tillage practices are intended to be used

whenever possible. Tillage operations can often be

combined to eliminate a separate trip through the

field.

VII-20
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V Irrigation operation offers many opportunities to

use automation. Automatic valve controls and other

such details are covered elsewhere in this report. V

Recent developments show promise for automating

graded border irrigation with labor-saving advantages

s imi la r  to the b e n e f i t s  of automated spr ink le r
irrigation (27,28,41). With no complex above-ground

moving equi pment , minimal operating and maintenance

labor is required for automated border irrigation with

the return water system .

Waste heat from power generation stations possibly

could be used to lenghten the crop growing season if

costs were not prohibitive. Oregon State University

is doing research on utilizing waste heat from electri-

cal generating facilities and industrial plants to

warm agr icu l tur al soi l s  fo r  cr op produc tion ( 5,4 2) .
Boersma et al . (6) reported that soil warming tests

in the Williamette Valley with several crops , resulted

generally in earlier maturity and yield increases from

30 to 40 percent for most crops . It was proposed that

soil warming  could be accomplished by c i r c u l a t i n g
disch ar ged , heated cooling water throug h an under ground V

ne twork of pipes. They calcualted that over 3000 acres

of land could be warm ed by using only five percent of the

waste heat generated by a 1000 megawatt power generating

station .

Kendrick and Havens (44) developed mathematical

models to determine the heat budget of an underground

pi p ing system carry ing the cool ing w a t e r f ro m steam

V 11 — 21
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genera ti on , electric power plant condensers. Depending

on several variables , they indicated a range o f around V

12 ,000 to 35 ,000 acres could be warmed with the waste V

heat from one 1000 megawatt nuclear power plant .

The use of stored wastewater for irrigation without

artificial heating , is not expected to acc omp lish a
si gnificant increase in the length of the crop growing
season or irrigation season. The wastewater taken from

a storage lagoon and applied as irrigation water is
V not expected to contribute any more therma l addition

than would be expected wi th the use of conventional
i r r igation water taken from the same size irrigation
reservoir. A study in Oregon indicated that even water

as warm as 104°F , sprayed from a height of 8 or 10
V fee t , will cool to ambient air temperature by the time

V 
it reache s the ground (5)

Nitrates in the tile drainage water could be

reduced by preventing the conversion of ammonia nitrogen

to nitrate nitrogen by using a very selective bacteria-
V cid e , N-SERVE® nitrogen stabilizer , as a water or soil

V 
treatment (20,43,55). The ammonia form of nitrogen

is adsorbed and held by soil clay particles for

utilization by plants. In the absence of this V

c hemical , bac te r i a  may readil y convert NH 4 to NO 3
which is not adsorbed by soil and readil y leaches

V 
out with the drainage water. The use of N-SERVE at

the beg inning of the growing season would provide the

basis for more e f f icie nt c rop uptak e o f N during the
rap id , summer growth period . N-SERVE biodegrades

rap id l y enough that its effects would have diminished

V VI I— 2 2
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V 
suff ici ently to permit denitrification losses of N to V

- 
oc cur from late summer to the time it might be re-

-~ app lied the fo l low ing spr ing .

Anothe r innovation to remove NO3 from drainage

water is under study in the western U.S. (10,46,79).

The technique is referred to as “submersed tile flow”

and merely involves raising the tile outlet sufficientl y
to keep the drain tile innudated. This results in an

V anaerob ic condit ion encour ag ing denitrification , where-

upon nitrogen is converted to a gas and lost to the

atmosphere. Nitrate-nitrogen losses greater than V

V 90 percent have been attributed to the denitrification
V 

process (10,52). One requirement is that an energy

source be available to the denitrify ing bacteria.

Organic compounds that may be present in the drainage

wa ter cou ld possibly provide the energy source. Work

by Meek et al. (53) indicated that soluble organic

matter from crops would provide the energy source ,

moving downward with the soil solution . They attri-

buted large losses of nitrate-nitrogen to denitrification

which was very rap id in the vicinity of and below the

water table (submerged zone). Nitrogen losses in the

range of 20 to 76 percent have been reported without

the use of the submerged tile techn ique (46,56 ,60). 
V

I f  submersed  t i l e  f low were used to  so lve  the

nitrate problem there mi ght be a problem eventuall\-
V 

with anaerobic “clogg ing ” of the drain system (82).

This could probab ly be resolved by installing a valve

(remotely controlled) at a low drain point at the tile
V outlet. Opening the valve for a temporary period would

aerate t h e tile lines and clear the “clogg ing ” prohiem .
V v u l - : 3
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Deep ponding is another poss ible method of

V 
disposing of excess nitrogen through denitrification

(12 ,13,14 ,79). Evidence has been obtained indicating
V that the denitrification pathway of the bottom of lakes

and ponds is the same as that repor ted for submer ged V

soils.

Still another approach to the nitrate problem in
V drainage water is the use of an “algal stripping ”

V system (9,79). Drainage water is impounded in “rap id

grow th. ponds” where algae assimilate nitrogen and are

V then removed by filtration . Total nitrogen removal

ranged from 70-85 percent in pilot studies. Boersma
V et al. (6) indicates that algae may remove 90 percent

of the nitrogen and 50 percent of the pho sphates fr om
water . 

V

V 
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SECTION VI II
PERFORMANCE OF LAND TREATMENT ALTERNATIVE

V The CRREL study team (82) estimated performance for

V land treatment of was tewa ter. Estimates were made for V

three irrigat ion methods: spray i r r igation , overland
runoff , and rap id infil tration. Their es tima tes assumed
(i) an ac tive plant sys tem at the s oil surface , (ii) an
active microbial population, (iii) a soil matrix which V

includes clay minerals and organic fr actions , and ( iv)
wastewater application and climatic constraints . For

the spray irrigation method, their estimated removal
percentages are summarized be low for major was tewater
constituents .

Constituents Percent Removal

BOD 98+

COD 95+

N 85+

99+
V Metals 95+

V 

Sus pend ed solids 99
Pathogens 99

V Land treatment of the Southeastern Michigan waste-

water is expected to provide renovation at least

equivalent to the above. This expectation is based

upon ( i) the medium to f ine tex tured so i ls f ound w ithin
the Southeastern Michigan irrigation sites , (ii ) abun-
dant plant grow th antic ipa ted on the irriga t ion si tes ,

(iii) irri gat ion sys tems requiring was tewa ter to perco-
late throu gh at least five feet of aerobic soils before

VIII- l
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reaching the underdrains , and (iv) applicat ion of two
inches of wastewater per week for 35 weeks .

V The Fulton-Willjams site in Ohio utilizes the
V graded border method of irr igation. This method resembles

V over land runoff  irr i gation as descr ibed in the CRREL
Report (82) in that water mus t travel over soil surfaces

to irrigate areas further down slopes . However , the

graded b order method , as designed , uses underdra ins and
V requires the was tewa ter to perco late downward through

the soil profile before leaving the irrigation site.

In this respect , the graded me thod produces ver t ical

flow paths and resembles spray irrigation. Hence , the
V graded b ord er method is expected to g ive performance

equivalent to spray i r r igation .

CORPS ’ WATER QUALITY GOALS

The U. S. Army Corps of Engineers has established

guidance on crit ical discharge levels for wastew ater
constituents . Reaching these critical levels is the

goal of the CORPS . These goals are shown in Table VII I- l ,

along with the assumed wastewater quality before and

after land treatment.

The removal percentages es t imated by the CRREL V

study team were applied to the oxygen-demanding corn -
V pounds, biostimulants , me tals , and suspended sol ids

concentrations to calculate expected concentrations

after land treatment. The nonmetals of boron , chlorides ,

and sulfates are expec ted to largely pass through the
soil matrix. However , some small quantit ies of the

VI II-2
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nonmetals will be removed by the plants . Due to limited

data, the concentrations are uncertain for organ ic com-
pounds such as phenols and chlorinated hydrocarbons
after land treatment . The CRREL study team (82) believes
neutral , basic, and polar type organics of low molecular
weight including many pesticides , chlorinated hydrocar-
bons , phenols , and others interact only weakly wi th soil
mineral and organic matter. In the absence of specific

information , the study team assumes these organics are
not removed from wastewater by soil. Others indicate

the phenols , for example , are adsorbed in the soil suff i-
ciently well to undergo microbial degradation. If this
is the case , little or no phenols would be expected in

the renovated was tewater. However , chlorination of the
wastewater prior to land appli cation may produce chlor i-
nated phenols , which may alter the rate of microb ial
degradation . Conceivably, certain chlorinated phenols
could still b e adsorb ed wi thin the soil and not b e
di scharged into the groundwater or soil percolate. For

the most part , soil chemical processes are active in

retaining many types of organic compounds which are

subject to biolog ical decomposition in soils (82).

Land treatment meet the goals of the CORPS for

BOD , nitrogen (assuming nitrification) , phosphorus ,
chlor ides , manganese , and suspended solids removal

(Table IX -l ). But , land treatmen t clearly fai ls to
meet CORPS goa ls for bor on and sulfa te removal and
possibly fails to meet the goals for certain organic

compounds , sodium , and heavy metals removal. The CORPS

goal is for heavy metals to be absent in the renovated

was tewater . Absent means not detectable by standard

VlII-4
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methods and current technology. Modern analytical in-

strumentation can detect heavy metals with conc entrat ions
< 5-10 ppb . These are expected heavy metal concentrations

after land treatment as shown in Table \T JII- 1 .

MICHIGAN WATER QUALITY STANDARDS

The State of Michi gan has generalized water quali ty
standards for several water uses . These standards are
con tained in App end ix . However , d etai led standards
for effluent discharge depend on several factors such as
stream flow rates , intended use of the stream , other
effluent discharges into the stream , etc. Thus , stan-
dards for effluent discharge varies from location to
location. Effluent standards 1 have been established

for seven sewage treatment plants within Southeastern

Michigan. These plants are ei ther operating, underg oing
cons truc t ion , or pl anned. The most stringen t standards
for these plants are as listed below .

Constituent Concentration , mg /i

BOD 4
NH - N 0.5
Ph~ sphorus 1.2
Phenol 0.0138
Suspended Solids 15
Copper 0.01
Cadm ium 0.02
Nickel 0.2
Zinc 0.04
Ch romium 0.02
Coliforms 1000/100 ml

1Communicat ion from P ichard Lord , Stanley Cor~~uitants ,
Inc . to the E)epartment of the A r m y .

~1 11-5



Land treatment will exceed the above State stan-

dards with the possible exception of phenol. Land

treatment likely fails to renovate the wastewater ade-

quately to meet domestic water supply standards because

of total dissolved solids and chlorides restraints for

the Great Lakes and connecting waters . The maximum

total dissolved solids shall not exceed 200 mg/l. For
chlor ides , the monthly average shall not exceed 50 mg/ i .

V I IT - 6
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SECTION IX

SUMMARY AND RECOMMENDATIONS

Land treatment shows promise for renovating waste-

water for stream and groundwa ter recharge , indus t r ia l
uses , etc. Hence , land treatment is one of severa l al-
ternatives considered for the Southeastern Michi gan

Wastewater Management Program.

Five potential land treatment sites were selected

in Southeastern Michigan and Northwestern Ohio. These

sites have a total, area of about 1100 square miles .

Acquisition costs range from about $750 to $1375 per

acre. Acquisition costs include market value of pro-

per ty,  family relocation allowances , and other costs.

Most soils found within the sites are medium textured ,

poorly dra ined under na tural condi tions, and on less

than 6% slopes.

Portions of two potential land treatment sites were
• used to develop des ign alterna tes for wastewater appli-

cation rates , i r r i gation methods , und er d r a i n  sys tems ,
erosion and runoff control , and site-related facilities

such as water transmission w i t h i n  the site , pump sta-

t ions , reuse pond s , outfalls , etc. Modular des igns
coverin g four square miles of land wer e developed for
irrig ation methods and underdrain systems . Cap i tal
cost for the cen ter pivot irriga t ion module giving 95%
land cover age is about $1.46 million. This desi gn was
selec ted for use on the four i rri gation sites within

IX-’
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Michigan. Capital cost for the graded border irrigation
module is about $2.15 million . The graded border irri-

gation method was selected for the Fulton-Williams site

• in Ohio. The modular design selec ted for the under-

drain system has tile laterals spaced on 33 foot centers

and requires about $1.7 million cap ital expenditure.

Wastewater applic ation rate will average two inches per
week for 35 weeks (70 inches/year). This rate was

selected based on soil, charac teristics , crops to be grown ,

was tewa ter cons t ituen ts , and desired wastewater renova-
tion . Wastewater will flow through the irrigation site

to the irrigation modules in clay-lined open channels.

Renovated water flows from the underdrain modules in an

unlined open channel and is pumped into reuse ponds .

From the reuse ponds , the renovated wastewater is dis-
charged into nearby streams for augmentation.

The selec ted cropp ing system is a 10 or 12 year ro-
tation of alfalfa-smooth bromegrass , alfalfa-bromegrass-

corn , alfalfd-brolnegrass-red clover , and reed canary -

grass. The recommended harvest method is field chopp ing .

A harvest method requiring the crop to go beyond ma turity
to field dried conditions is least desirable. Such prac-

tice would significantly interrupt the irrigation schedule.

• The five irr igation sites can treat about

1.23 x 1012 gallons of wastewater during the planned
35 week irrigation season . On an annual basis , this

is equivalen t to about 3366 MGD. The four sites lo-

cated in Michigan can treat the equivalent of 2796 MGD.

For all five sites , the capital , O~M, and annualized

IX—2
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cos ts average about $1367, $57, and $137 per million
gallons of treated wastewater , respectively. These

costs do not inc lude raw sewage col lection and trans-
miss ion, lagoon treatment and storage , disinfection ,

and sludge disposal.

Land treatment is expected to remove 98~ of the

BOD , 95% COD , 85% N , 99% P, 95% metals , 99% suspended

solids , and 99% of the pathogens contained in the South-

eastern Michi gan wastewater. This expected performance

is based on estimates made by the CRREL study team (82).

For the Southeastern Mich ig an ~Jastewat cr Manage-

inent Program , land treatment is a workable system for

wastewater renovation. Other alternatives such as

advanced b iolog ica l and physica l-chemical treatment of

was tewa te r  may a lso  be w o r k a b l e  s y s t e m s .  Hence , the
a l t e r n a t i v e  s e l e c t e d  for  Sou theas t e rn  M i c h i ga n sho u ld

o f f e r  o p t i m u m  c o s t -p e r f o r m a n c e  r e l a t i o n s h i ps and  s h o u l d
have acceptable social , environmental , and institutional

impacts. The best alternative can only be selected

after all studies currently being sponsored by the CORPS

are completed.

If land treatment is selected for the Southeastern

Michigan Wastewater Management Program , a “p ilot study ”

is recommended before detailed des ign of the irrigation

sites is commenced. This pilot study should encompass

at least a module size area (four square miles) . ‘I’his

study is needed to verify under typical field conditions ,

such parameters as wastewater application rates , t i l e

IX- 3
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lateral spacings and depths , quantity and quali ty of
renovated water , evapotranspira tion rates , farm opera-
tion procedures , suitability of irrigation equipment ,
labor requirements , crops systems and yield s , etc. The

pilot study should be conduc ted under close and capab le
supervision for a few years prior to starting detailed

design. After this , the pilot study shoul d continue

for a few years wh ile the irriga tion si tes are und er-
going detailed des ign. The module used for the p ilot

study should be within one of the irrigation Sites and

should become a working module when the irrigation site

becomes operational. Data from other operational land

treatment facilit1 es (such as Muskegon) in Michi gan

will be help ful , but prob ab ly inadequate due mainly to
• soil differences and anticipa ted cr opping and management

differences .

IX- 4



F TTT ’ ’ ~~ ~~~~~~~~~~~~~~~~~~~ 
-
~

- “ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

SECTION X
REFERENCES

1. American Dehydrators Association , dehy research,
Newsletter No. 71-4 , Kansas City , Missouri ,
Dec . 3, 1971.

2. Amoco Moisture Barrier Company, A Technical Brochur e .

3. Anderson , W., Alfalfa Cub ing Gains in West Despite
Some Problems , Feedstuffs, Vol . 43, No. 45,
Oct. 30 , 1971.

4. Aughtry ,  J. D., The Effect of Physical Cond ition of
Dehydrated A lfalfa on Performance of Fattenin g
Steers Under Feed lot Condi tions , Feedlot Consultant ,
Indian Wells , Ca li f o r n i a.

5. Beall , S. E ., Jr., Uses of Waste Heat , ASME Publication
70-WA/Ener-6 (1970).

6. Boersina , L. L., et al., Use of Reactor Cooling ~VaterFrom Nuclear Power Plants for Irr igation of
Agr icul tural Crops , Pub . WRRI-12 , Water Resources
Research Institute , Oregon State University (1972) .

7. Boyce , T. F. , and Baker , F. J., Soil Areas of
Ful ton County, Ohio; Ohio Departmen t of Na tu ral
Resources , Div . of Lands and Soil , Columbu s , Ohio
(1960).

8. Building Construction Cost Data , Rober t Snow Means
Company , Inc. (1972).

9. California Department of Water Resources , Remov a l
of Nitrate by an Al gal System ; Sacramento , Calif.
(1971).

10. Carl ile , B. L. , Ni trogen Mana gement in Land Di sposal
of Dairy Waste, Abstracts of Western Society of
Soil Science Meeting s, June 12-1 5 , 1972; University
of Oregon , Eugene , Oregon.

x-1



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

~~~
- --

~~~~~~~~~~~~~~~~~~~~~~~~~~ :
‘

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

11. Christman , R. F., et al., Assessmen t of the Effective-
ness and Effects of Land Disposal Methodologies of
Waste Water Management. A feasibility study repor t
submitted to U. S. Army Corps of Eng ineers ,
Jan . 14, 1972 , Seattle Washington .

12. Chen , R. L., et al., Denitrification and Nitrate
Reduc tion in Wisconsin Lake Sediments , J. Environ.
Quality, Vol. 1, No. 2, pp 158-163 (1972).

13. Chen , R. L., et al., Gas Produc tion in Sed iments
of Lake Mendota , Wisconsin , J. Environ. Quali ty,
Vol. 1, No. 2, pp 155-158 (l9’72).

14. Chen , R. L., et al., Nitrifica tion in Sedimen ts
of Selected Wisconsin Lakes , J. Environ. Qua1it,~~
Vol. 1, No. 2, pp 151-154 (1972).

15. Cohen , J. H., Al ternative Methods of Phosphorus
Removal. Paper presen ted at Technical Seminar on
Nutrient Removal and Advanced Waste Treatment ,
Portland , Oregon , Feb. 5-6 , 1969.

16. Commercial-Industrial Construction Estimating and
Engineering Standards , Richard Engineering Services ,
Inc . (1972).

17. Deeter , F. B., Soil Survey of Tuscola Coun ty,
Michigan , Soil Conservation Service , United States
Department of Agricul ture (1926).

18. Dodge-Es timating Guide for Public Works Construction
Dodge/No . 3. Annual Edition - McGraw-Hill Information
Systems Company, New York , New York (1971).

19. Dotson , K. G., and Smi th , T. R., Our Ohio Soi ls ,
Ohio Department of Natural Resources , Division of
Lands and Soil , Columbus , Ohio (1958).

20. Dow Chemical U.S.A., N-SERVE® Nitrogen Stabilizer
Formula tion and App lica tion Manual , Ag - O r g a n ic s
Depar tment , Midland , M ichigan (1969).

21. Earle , G. H., Jr., Soil Survey of Lapeer County,
M ichigan Soil Conservation Service , United States
Depar tmen t of Agricul ture (1972).

X-2



____  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

22. Environmental Data Service , Climate Atlas of the
United States, Environmental Science Services
Adm inistration , United States Department of
Commerce (1968).

23. Fischbach , P. E., and Gooding, R., II , An Automated
Surface Irrigation Valve , Agricultural Eng inee r ing,
Vol . 52 , No. 11, pp 584-585  (1971).

24. Franzoy, C. F., and Tankers ley, F. L., Predic ting
I r r i gations from Clima tic Data and Soil Parameters,
Transactions of the ASAE , pp 814-816 (1970).

25. Gregory, W . W ., Herron , J. W., Gulley, C. II., and
Herbek , J . H., N o - T i l l a g e Rec ommenda tions ,
Miscellaneous Publication 382A , University of
Ken tucky College of Agriculture (1971)

26. Haise , H. R., et al., Automated Pipe Valves for
Surface Irrigation . Paper presented at Winter
Meeting, American Society of Agricultural Eng ineers ,
Chicago , Il li nois , Dec. 8, 1970.

27. lIaise , H. R., and Fischb ach , P. E., Auto-Mechani-
zation of Pipe Distribution Systems , University of
Neb raska , A.E .S. Paper No. 2957.

28. Haise , H. R. , Per sonal corre spondence dated June 20 ,
1972.

29. Hardy, G. W., et al., Soil Testing and Plant Analysis.
Part II. Plant Analysis Soil Sci. Soc . Amer.
Special Pub . No. 2 , p 79 (1967).

30. Harr ison , C. M. , and Davis , J. F ., Reed Canary grass
for Wet Lowland Ar eas of Michigan , Michigan State
University Ext . Bull. E-5l7 (1966).

31. Henderson , II. , and Greathouse , T., Alfalfa Ilaylage
for Feedlot Cattle , Michigan State University
Ext. Bull. 599 (1967).

32. Higg ins , J., Dehydra ti ng Other Crops , Higgins
Milling Co., Schuyler , Nebra ska.

X - 3

_ _



- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~r ~~~~~~ 
-
~~~~~~~~~~

-
“

~~
--

33 . Ili ldebrand , S. C. , and Brown , H. M ., Millet , Rope
and Sorg hum , Michigan State University Ext . Folder
F-304 (1961)

34. Hildebrand , S. C., et al., Field Crop Recommendations
for Michigan , Michigan Stat~ .!ersity, Ext. dull.
462 (1965).

35. Hildebrand , S. C., Seeding PractiL.~ ~ur MichiganCrops, Michigan State University Ext. Bull. 489
(1965) .

36. Hildebrand , S. C., et al., Corn Silage , Michigan
State University Ext . Bull. E-665 (1969).

37. Hildebrand , S. C., et al., Producing I-lay and Pasture
for Horses in Michi gan , Michigan State University
Ext. Bull. E-643 (1971).

38. Hillnian , D., High-Moisture Corn for Dairy Cattle ,
Michigan State University Ext . Bull. E-422 (1963).

39. l-lillman , D., Urea Corn Silage for Dairy Cattle ,
Michigan State University Ext . Bull. E-446 (1964).

40. Hillman , 0., et al., Nutritional I)ifferences in Hay,
Michigan State University Ext . Bull. 626 (1968).

41. Houston , C. E., and Schade , R. 0., Irrigation Return-
Water Systems , University of California A.E.S.
Ext. Service Circular 542 (1966).

42. Jarman , G. D., Wang 362 Calculator - An Aid to
Research in Beneficial Uses of Waste Heat in
Agriculture. The Programmer, Wang Laboratories ,
Vol . 6, No. 5, May 1972).’

43. Kapusta , G., and Varsa , E. C., Nitrification
Inhibitors - Do They Work? 1972 Illinois
Fertilizer Conference Proceedings , pp 9-11 (1972).

4 4 .  K e n d r i c k , J .  11. , and Havens , J. A., Heat Budget of
a Subsurface Water Pipe Soil Warming System ,
IVater Resources Research Center , Univer sity of
A rkan sas , Fayetteville (1971).

x- 4



— _ ,1-_- 
~~~~~~~~~~ 

• —

~~~~

.-,-- ---•

~

.—

~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~.

— ‘
~~
‘ “  •—--

~ 

---

45. Kidder , E. H., et al., Tentative Irri gation Guide
for the Design of Sprinkler Irrigation Systems in
Michigan , Michigan State University and Soil
Conservation Service , United States Department of
Agr iculture (1954).

46. Lance, J. C., and Whisler , F. D., Nitrogen Balance
in Soil Column s Intermi ttently Flooded with
Secondary Sewage Effluent, J. Environ. Quality,
Vol. 1, No. 2, pp 180-186 (1972).

47. Lane , D. F., and Robison , L. R., Plan tin g Corn in
Native Sod , Nebraska Quarterly, Spring (1970).

48. Larson , R. L., Soil Survey of Macomb County,
Michi gan; Soil Conservation Service , United States
Department of Agriculture (1971)

49. Larson , W. E ., Tri plett , G. B., Jr ., VanDor en , D. M .,
Jr., and Musick , G . J., Problems with No-Till Crops ,
Crops and Soils Magazine , Dec. 1970.

50. Lyon , T. L., Buckman , H. 0., and Br ady, N. C.,
The Nature and Properties of Soils, The MacMillan
~~mpany (1952)

51. Martin , J. I I . ,  and L eo nard , W. H., Princ iples of
Field Crop Production , The MacMillan Company,
New York ( 1 9 4 9 ) .

52. Meek , B. 0., et al., Applied Nitrogen Losses in
Relation to Oxygen Status of Soils , Soil Science
Soc . Amer. Proc., Vol. 33 , pp 575-578 (1969).

53. Meek , B. D., et al., Nitrate Transformations in a
Column with a Controlled Water Table , Soil Scienc e

• 
- Soc . Amer. Proc., Vol. 34 , pp 235-239 (1970).

54. Michigan State University Coop erative Extens ion
Service , Grass Silage , Extension Folder F-l53 (1953).

55. Norris , M. G., N-SERVE® Nitrogen Stabilizers , a
Practical Approach to Better Fertilizer Nitrogen
Management , Down to Earth, Vol. 28 , No. 2 , pp 5-9
( 1 9 7 2 ) .

x - 5

L~~.. _ __ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~



56. Og den , R. L., Par tial Windrow Dry ing of A l f a l f a
Before Dehy dra ti on , Un iversi ty of Nebr aska ,
Depar tmen t of Biochemi stry and Nu tri t ion .

56A. Olsen, R. J., et al., Effec t of Manure Applica t ion ,
Aera tion , and Soil pH on Soil Nitrogen Transformations
and on Certain Soil Test Values , Soil Sci. Soc . Amer.
Proc., Vol. 34 , pp 222-225 (1970) .

57. Pair , C. H., Sprinkler Irrigation, published by
Sprinkler Irrigation Association , Washing ton , D.C.
(1969).

58. Parizek , R. R., et a l . ,  The Pennsylvania State
Universi ty Studies No. 23, Th e Pennsy lvania State
Universi ty,  Un iversi ty Park (19 6 7 ) .

59. Pennsy lvani a Depar tmen t of Environmen tal Res ourc es ,
Bureau of Water Quality Manag ement, Ilar r i s b u r g ,
Pa . ,  Publ No. 31 , 1972 Edition.

60. Pratt , P. F. , et al., Ni tra te in Deep Soi l Prof i l es
in Rela tion to Fer ti li zer Rates and Lea chin g
Volume , J. Environ. Quality, Vol. 1 , No. 1,
pp 97-102.

61. Rogers , E. B., et al., Producing and Processing
Coastal Berinudagrass as a Source of Vitamin A and
Other Nu tr ien ts , Sou th Car ol in a A . E . S. Circular  136
(196 2)

62. Ruppel , R. F . ,  and Guyer , G. E., Infestation and
Con trol of the A l f a l f a  We ev il and Cereal Leaf
Bee tle in Mi chi gan , l~ 69-l 97l , Michigan State
Univ ersi ty, A . E .S. Research Repor t 164 ( 19 7 2) .

63. Ruppel , R. F., Insect Control , Michigan State
Universi ty Ext. Bull. E-672 (1972).

64. Schneider , I. F., Soil Survey of Sanilac County
Michi gan , Soil Conservation Service , United States
Depar tmen t of Agr icul tur e ( 1961) .

65. Schrenk , W . G . ,  et al., Dehy dra ted A lfa lfa , Kansas
State Unive rsi ty, A .E.S. Bull. 409 (1959).

X- 6

_ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - • -~~-



- 

- 

~

—

~~~~~~~

-- -. • •

p

$

66. Shear , G. H., The Deve lopmen t of the No-T i l lage
Concep t in the Uni ted States , Outlook on Agriculture ,
Vol. S, No. 6 , pp 247- 251 (1968).

67. Sheldon , W. H . ,  Wiant , D. F . ,  and Hiliman D., Earl y
Cut Hay and Mechanical Drying , Michi gan State
University Ext. Folder F-288 (1960).

68. Smith , T. R., Soi l Area s of Wil l iam s Coun ty,  Ohio ,
Ohio Department of Natural Resources , Divisi on of
Lands and Soi l , Co lumbu s, Ohio (1961).

69. Soil Conservation Service , United States Department
• of Agr icul tur e, Speci al Advan ced Repor t Based on

the Soil Survey of St. Clair , Michigan. Includes
General Soil Associa tion s Map dated March 1969.
(1969)

70. Soil Conservation Service , Michigan Engineer ing
Standard , 606-1 , Sec. IV-A , Dr ain , Jan . 15 , 1969 .

71 . Soil Cons erva tion Servic e , United States Department
of Agriculture , Soil Associations for Recreational
Uses , Huron Coun ty,  M ich.

72. Soil Conservation Service , United States Department
of Agr icu ltu re , General Soils Map of Tuscola County,
Michi gan .

73. Soil Conservation Service , United States Department
of A g r i c u l t u r e , Engineer ing  F ie ld  Manual  for
Conservation Practices (1969).

74. Soil Conservation Service , United States Department
of Agriculture , Special Advanced Report Based on
the Soil Survey of Monr oe Coun ty ,  M ichi gan.
Inc ludes General Soil s Map . Revi sed Feb . 197 0.

75. Soil Conservation Service , United States Department
of Agr icul ture , General Soils Map of Washtenaw
Coun ty ,  Michi gan. Includes Descri p t ion of Soi l
A s s o c i a t i o n s .

76. Soil Conservation Service , Un it ed Sta tes Depar tmen t
of Agricul ture , Soil Surv ey of So i l s  of W ash ten aw
Coun ty ,  Michi gan (par t i a l l y com p l eted) . Wash tenaw
Coun ty Soil Conserva tion District , Mi chi gan ( 197 2 ) .

X- 7



• 77. Spurlock , H. C., et al., An Economic Analy sis of
Harvesting, Processing , and Storing Coas ta l

• Bermudagrass Hay and Pelle ts , Clemson University,
South Carolina A.E.S., Clemson (1966).

78. Striker , H. M., and Harmon , L. I., Soil Survey of
Lenawee Coun ty, Michigan , Soil Conserva tion
Service , United States Department of Agriculture• (1961).

79. Tamblyn , T. A., Progress Report - San Joaquin
Valley Drainage Investigation Quality and Treatment
Studies through December 31, 1967; Bio-Engineering

• Aspects of Agricultural Drainage , State of California
Department of Water Resources Bull. No. 174-2 (1968).

80. Tinsley, W. A., Rates for Custom Work in Michigan ,
Michigan State University Ext. Bull. E-458 (1970).

81. U. S. Army Corp s of Eng ineers , De troi t Dis t ,
Al terna tives for Managin g Wastewater for South-
eastern Michigan . Summary Report and Appendice s
(1971) .

• 82. U. S. Army Corps of Eng ineer s, Was tewa ter Manag ement
by Disposal on the Land , Special Repor t 171, Co ld
Regions Research and Eng ineering Laboratory , Hanover ,
New Hampshire ( 197 2) .

83. Uni ted States Depar tment of Agricu lture , Sudangras s
• and Sorghum-Sudangrass Hybrids for Forage , Farmer s

Bull. No. 2241 (1969).

84. United States Department of Interior , Geologica l
Survey, Wa ter Supply Paper 1797 , Plat 2.

85. Veatch , J. 0., Whee ting , •L. C., and Bauer , A.,
Soil Survey of Washtenaw County, Michigan , Soil
Conservation Service , Uni ted States Depar tmen t of
Agricul ture (1930)

86. Vilican - Leman and Associa tes , Inc., Planning
Consul tan ts , Physical Features and Existing Land
Use , Technical Memorandum No. 1 Report to Huron
Coun ty Plannin g Commission (1969).

87. Visher , S. S. , Clima te Atlas of the United States
Harvard Universi ty Press , Cambridge , Mass. (196 6).

X-8



— • ~~~~~~~~~~~~~~~~ •~~~~~~~~~1~ 
—I,

APPENDICES



.~~~~~ 
‘I

APPENDIX A

Desi gns and Costs for Phase I - Sites
Used as a Basis for Selec t ion o f Desi gn

Al terna tives

[ Appendix A-l - Monroe and St. Clair Phase I Sites

Appendix A-2 - Alternate Size for Monroe Phase I Site

Appendix A- 3 - Transmission of Water to Irrigation
Modules , Monroe Phase I Site , V i l l a g e
of Ida Deleted from Site

Appendix A-4 - Transmission of Water to Irrigation
Modules , Monroe Phase I Site , Vil l age
of Id a Included in Sit e

Append ix A-S - Collection and Discharge of Water
from Drainage Modules , Monroe Ph ase I
Site , Vil lage  of Id a Dele ted from Sit e

Appendix A- 6 - Collection and Discharge of Water
f rom Dr ain age Modu les , Monroe Phase I
Site , Vi ll age of Id a Inc l uded in S it e

• Appendix A-7 - Transmission of Water to Irrigation
• Modul es , St. Clair - Phase I Site

Appendix A-8 - Collection and Discharge of Water
f r om Dra in age Modules , St. Clair -

Phase I Site

Append ix A-9  - Summary o f Des ign A lt erna t iv es for
Monroe Phase I Site , V i l l age  of Id a
Deleted from Site

Appendix  A - b  - Summa ry of Desi gn A l t e r n a t i v e s  fo r
Monr oe Ph ase I Si te , Village of Ida
I n c l u d e d  in S it e

Append ix A-il - Summa ry of Design Alterations for
St. Clair Phase I Site



• APPENDIX A-i

1.

LI

i~ I &
C*.MC

r 
~ O~ D ‘~~

PO 4T~~C

~;C-
• 

•

_ _ _ _ _ _- r.__~~~~~~~~~~
__ •

• .~~~~~ ~~~~~~ . —~ LA”.E ST. CLAi~• ~
. 

~E. -

*.NN &R~OR • —

S

• 
_ _  _ _ _ _

L~ MAW E1

-
~~~‘• DUNDI

4~ \

/
MONROE A N~ SZ ci..~,,q

N NILI$ PH~4 55 1 5/ 765.
~~~~~~~~

A- i



..
~~~ 

1~~~~

APPENDIX A-2

~~~~~ $IV~~~~ PA’S/N

I p~1.

•—~ I 
___J

“3

II,

w
4
z
4
lx

U.
0

lx
A
2

— 3 a

• MIL!S

4 r N ~~4~~f .3/21 POR
MON~~~( ~~~A 3 E J ~

A-2



APPENDIX A-3

so ~~~~~~~~ R i~~E R RAISI N

~~~~
I 

DITCk —

• ~~~

. 

~ii
• 

IDA

~~~~~ ‘

-J

-. . BOO ’ WIDE BuFFER
WA-TER FROM SECON DARY ST RIP AROUND SITE

~~ - TREATMENT FAC r..’T ES
— ITCI4

:1:

\~ __
_ _  - .

~~~~~~~~~~~~ 4

‘ Th LE S

TPANSM/53 o,.’ C.~~WATEQ

\ 
#~ATER LEVE .. COP(TRO. TO f~~~~ .5.47~ ON M~~.%/L(3

• • END ,M ’  ‘F  ~~_ E —

‘b — b  -

L~E E 71& ~~- ~‘

A-3

•

~

••

~

- • • • •  
• •~~~~

••



•—..‘•—
~~
. 

•—•----- •- .•- •- —

~

. 

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

APPENDIX A-4

• ~~~~~~~~~~ R V ER RA S N

I
I-.

Ui 
____ _____

— IDA
— ~-.t D i T C ~I --— -—
R~~ILDOAD

I,
— ~OO WIDE BUFFER

• A • WA TER FROM SECON~ A RY 
STRIP AROUND SITE

TREAT MENT ~A C I . I T I E S
-
~~ 

— 
~ DIT 4 - ~~~~~ 

•i

I 
(LI

tJ

2

~~
} ~~ DITC I~ —~‘~

I—, 0

• I T~ AN3M/55/ON Off kVAT !~’
TO /RR/ 6~4 7/ON MOD~1L1$

WAT ER LEV E . CONT RO L MQN~.OE /- ~I-.A.~~ I ~~‘ T E
V / L L 4 ~E ~ F HJ4

\ I___ E N D  ,A/ LI1O E L

0 I
I I

MIL ES

A

~

4

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



-

APPENDIX A-5

EFFLUENT TO RIV ER — ~.I v &R  ~ A S N

- — T — — T TT1 ~~~~~~~~~~
I I II /r~4. 
I I

— • PON D AREA

• rJf•~ i i il l
~Ii I

• r -, IDA I
• - -• 

• 
~~~~~~RAILROAD I I 

~ 
— - PUMPS L SER~’ ICE 4REA

• - D~TC~~

~~~~~~~~~~~ _
~~~~~_ J~~~~~ _ _  

~~~

I~1i I I
I I

I I l~I~~
I I I II~~~

1
~

‘4 ~_J~
_ j

~
_ J~ _ J~ _J~ ~ ~~~~— 

j_ JII ~• 
~~i i i i i ~~~~~~~flI1 ~1, I II~~~w I I

I I g I II
I— C,\ _ _•

‘
~~~~~~~~~

‘ ~ 
_
~

_ ± _ L
~H ~~_ _ _ _ _ _ _ _ _\ — 

MIL ES 
I

I I u I
I I

— J — J — J — J — j  — CO~~~EC TI ON 4~~~\~ ~~~~~~~~~~~~~~~~~ 
— 

T~~~~ L I ~~ ~hTER FROM ORh/NA ~ E
• Iuji I I I MONi~oE PHASE I SITE.

I I /~.~.ASE O~ ,~~A DE~.E7E~\ ~~~~~~~~~~~~~~~~~~~~~ S T E

\ j  I i. • 300 WI D E BUF~ ER
\ ~i I STRIP AROU ND STE

• 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-

~ A-S

It



— •••—~• .—• 

~i~~— ——-—— . J~ 
—

~
--•— —•-,--•

APPENDIX A-6

• 
~~~~~~~~~~~~ so EFFLUENT TO RI vER~~

-

~~

r~~~~~~ILET~~~~~~~~~T T ILE Y
~~~~ ~~~~~~~~

uiI I I I I I II J 1 7
I I I I I I~ll~J. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
~/~ 

POND AR EA

I i I I I I I Il l
I I I I I I I I ’

~~ 

_ _ J _ JI~ ‘ PUMPS AN D
,— 1 1 1’~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

S~ RV i C~ A REA

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

~~~~ j~~~~~
I J _ L_ j ~~~~~~~~~ T 1 ~~~~~~~~~~~~~~~I I I I •  I I

I
I I I I I I II
J J LJ ~~~ !_ J~~~ J~~JI I
1~~~~~~7 1 ~~~~~~~~~

1
IIul I I I I 
~~~ aI I I I L • __________________ • jI I I I I I L II I MILES

-~~~~ — 

~~~ r I 
= II I I I I II I 

I I
I II I I I II._ — J—— ——- i ——— ~~— — — L—i 1 1 COLI.ECTION AND DISCHARGE

• — — fl~~~~ 
— o; WATER FROM DRAINAGE

I I UODLJL.E5.
I 

~I NONROE PMA5E I SITE
I I I I I ~ YI~~AGf OF /A4 INC~&A&D

~~ H~ILE ..I 
~~~~~ 

~~ SiTE.

I t C-TILE
I I •

~~~ ~00 ’ WI~ E BUFFER
4 1 • I STRIP A ROUND SiTE

I I I I 
I

~._JI_. — JI._ ._J I_ _ _J ,__J 1—— ~~~~~

A-6



APPENDIX A-7

5 —

•~~~1~~~~
‘ -- PIP E

N. ~~

—
•I —

~~~I

—“ ~~E<

WA T ER ~R0M 5ECOI~IDARY /

TREATMEV ~AC ILIT ES I

• IE••.... —
— -.- ~~~— ~~~~~~~

— — c- ~ ~ 
-•

~~~~~ 

‘

~~~~

—

~

-

~~~~

- .÷ 
~~~~~~~~~~~~~~~~~~~~ 

-.+ —.
~
‘ 

~~~I I cORk D0R ~0R EX I ST I~~/ 
~~R. • FIJTURE EXPRESS W AY .

~~
-

— ~~~~~

~ R A 3~ ~~~~

MAC OMB -

4 4 hiEhiPlilS i~•_ ~ 
j

I I I — 300 WI DE ~ L~FFER M LE$

+ + ST RiP ARO~~.~ $iT E

PiPE —

F~AN5?4/S51~~N C’ WA~~~R ~~~•‘p~~~~~~
~~ T C~ 4;R — —  PHASE I 5 T E .

r A -7



APPENDIX A-8

~ I
r i  ~~

It

I
I 1~~~!I ~‘ -~‘ CPU’~ 

—

I ~~•ThI ~~~~~~~-~~~-

.__J Tu.E - -—~~ - ~~~~~ ~~~ _ - 
I~~

___ __
~~~~~ 

--EFFL.~ENT TO R /ER

—Js—J—— 

TIL E PO ND(IMI. ’ i~~ MI~

- ~~

—-_ • PUMPS • S ERV ICE AR EA .

- 
- — 

TILE T IL E  ~~~ 1 T ILE ~ ~~~~~~~ - - - - r~~~

~
TCH ii, ~~~LL_~ i

i
• I 

- i iJ  CORRIDOR FOR

- 
I ~ XjST NG R.R. L

DiTC H 3R~ TILE ~~~~~ ~~ 
I~ H FUTURE EI(PRESSWA’~.

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

L•~ TILE— • _ ?I~~0J~ _P~ ~ IL~~~~~ J 1

— I ~I- 
~ / •~ 

- . 300 WIDE ~oFFER

• — .~ STR IP AROUPID SITE

I I ~ 
bOUMDARY OF DRA~ IAGE SITE

• I I I I 
PON D ( I U L X /5 MI )

I I 
,.~~ — EFFLUE NT TO RI’~ER

~ •~~~~•~~--—~~——--4 ~ •~1
• M~ h~P~P~~S 

________

1 3 w ~I I  —PUMPS t SERVICE RREA M I L E S  

~~~•~~~~ -
- - - COLLECT/ O N A W / ~ OI5CMARGS OP

WA TF~~ FROM DRAINAGE MODULES
3T CL A,R —PH AS E  2 SiTE

-
•

A-8

I A



APPENDIX A-9

SUMMA ~~O 0 0 0 c  l 3 0. P35 CO..’.Tv • P~~A5E ~ SITE W I T H  / IL . . A~~E 30 ~~ EV C ~~~~E~ ;0:v S

— s  — • El 3 0 10.3 _ I S O  dlA~~~~L i P C 3. 3 L A C e ’4,
I _ 1 • I00 i~~, A C 5 5~ ~80 1 •A 0. 0 0~

lCQ~ S. Q .  C 500 IC. C 5 5  a . T~~. 303
1*0 _ C RS• 0C* 3. ~~ 1.04 0*0 0 0 0 0

E~~0. _•__~__•_ • 
133 5 3; 

- 
C 001  300

0033_ I.E C Ell ~O • 360 060  5 0 6 0 0
5 C5 c0~ o**oTI3. 3.  030 ~~~ • 03 5 3 3 3 0 3

IS 0A 05 *081.
— 
:S E I : : T l 0  ‘a •7. ~~~~

• •— • 
~~~~~~~~~~~ 

• 
0 0:3 - 

~ 0~~~3c hi
:6 , 0  0 0 3  8 600  .5 , 330

~~S E *  COOT RIO 1 000
A 0 5 3  SET SF000 

______________ - 
C 0 3 3  633  30

00*535 000366 0 103 0
1_ a l T o  0 33

C _ A _ 5 1 3  C 4 1 0_ C c  Is aac 04* 033 •..C

C0 • 1 0 _ s E E : 1 0 s E _  C l o  
• 

31 a 13 0 3 0
0 • 5 3 6 1 0 A 3 0 . D  C 3 30  1 03 sOC CO ICC

C 3 0 . ~~ • 
0 0 3 3  6 306 

• 
030 C00 A C ICC COO

C . 30 1 0 0I~. 5 3 0 . 333 633 — -
~~ 30 •33  333

3 0  ~~~3 0 0 0 O i  3 133
0. —~~~~ 0 . 0  T• .S V 3 0 6 * 3 3  oOO • C  ‘C ‘03

c c  -~~ 
•
~~~ 0 0* 0 3 003 . _ * c.0 I0 . C C C OCE 

—

• ~~ C 3 ~~~~~
3.0 

• 
C • - ::O c c c  •~ _ *‘ C

- I ~~ 0 .3: 5 * 3 0  60.0 ~~~* 0  
• 

~~ C 0 * 3CC

03 3 5 O ~~
_

_
31 6.C ~~~5. ,.I 38.L Ill . C . 1 ~ 30 ICC :1 C ” 003 01 303 1*_ a 303

5 5 0 %  . 100 0 X !

4 0 . • 0 0 3 3

3 O 0 ~~0C0 0 3 0 0
C 0 0 0 3 C 3  oC SOC _ 0 ’ C COC

:0 3300 . .03 31.3 000 0 633

0 0 1  000 • 0 00 4 8 33 3 3  *C 1_0 C C OO 00 .0
ICE • I I.. 010000  O S’S 030 0 0 S

•~~A %~~~ _ 0.8 0 . 0 3 0 0 0  A C C O  
• 

IC 
• - - —

3 3 3 — C

— —  
-z 3 IC C — — 33 • — —

C A’  1 .0 0  305 330 CEO 130
S T - o A l  •~~~~~~~~ . 3 . 6  3 3 3 0 0  3 3 0 0 3  600

Cd • • • 
OO 633 000 

• oRso
1 3810’ 0 _ . 0ff _ S 0• 333 • 8.00 0 0 0 3 0  500 

• -
•~ * . : a . _ * ~:_sa •~ 0 • • 

5 333 C S 003 
• 

600

30~~~~/3 V 3 0 300 
• 

C5 030 
•

550 . . C~~~ 0 (  . * 0 1 * 5 A ~~~ - *0 SCO C OO 530 • 
TI 333

T *o 38 303 
• 

Vi COO 36 033

I_ IA .5 C30  s 3  3516 .00  _ D1. _ 3 0  3~ I~~3360 0 .  56 05 6 5 5 • 3 0 0 0 E  * 3 0 3 5
0 0* 1  31 0 0 3  .5 ‘ 0 ’  C— .65

‘0* 00.033 * A .~~3~~~ . .~~ _ *o 5  CE 31. E _ E E O
1 33 0

• A -9 

—•-~~~
.•-- • - - - _-~~~~- -~~~~~~~-• i --



—II’

APPENDIX A- 1O

5JMMA R( SOR 383 CC ~~~~~~ — 
~ - A E E 5 ’ E  .5 1.o / ~_ A C.E OA NCi. 3350 . S

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

i_ ~~~ 

s T C 0 A M 0 ~~~~~~~~~~~~~~~

1R C1*333~35 0 5 0 0 0 0.0. 30 . 0 0 5 003  
- . — 

I
0* 01 0% ARI A , 

I 
— -+-- -“  -- — 33_ . - 

3f~~~55 o 0 r S o — 1 6 T ~ . 6 000 0* 1 .00
C o  o~~ 1 

— CC

550*0 23 00 
- 

4 0 0 00 CC
3~~ SES 530360 • • • - 

30 .00 ‘3 330 ~~C _ a b s .  CT 030 ‘3 330  - 1-
6* 30 C C O3 3 3 3 3 3  4 0 403

33*0 _ % I3 0 .C~~ %5 _  3 3 5 0 , . ‘ C . 3*0  330 0*30
C A b . .6 03 3 3 3 * 0 0  __ ~~ S~~:a-.c A r z  _ %E0 10*5053 tC 3 0  . S C  ~S • C C C  0 3 3  , 0~ . O0

3 C c  *_ C  03 ,000

C% 6R 1 , 1 1* 3  - 0 3 ~ • 
0 5 . ~~• C A _ S  60.0 0 0 , 3 C C 

• ‘ =0 . 1 0 - 34 330 . 300
C%IER C , 3 13 1 . • . C  0 3 3 3 0 0 3  0 3 3 3 030 , 0.61,Qo0Q~~~~I6 6 1 1 30C~~

OF O’ EI 0 1 1 0 03 3  5 S 3 ~ 0 3  * 0 3.00 
• 

5 6 0  3C C _ , 4 3 ~ .I00 ‘ *S S’ C 006 _

.153 10 ._ I  ‘ e 63 0 ‘ .• _ C 0 •~~~CC 
0

_ 4 % 3  0 CC_ S • 0 ‘ , 
- 

5 0 C C ‘ 0 3 3  CC 8 1 , 160 ‘~ 
- — 

•C • 1 *53 55 500.33 
• 33 e 36.  ‘30 •~ , 043 603 0 ~~~“53O ‘~~G4 01000

•F l, . O 0 E : O .~~CO _ 30 •‘ 0 *30 ‘. C~ , 30 ‘ V I  333
35 5 ‘.3. 300

133301 ‘ • 
‘~ =• _ _ 0 3 

I ~~~~ 1 0 o i 3 3 0  
•

5 S ’3 C ~ 33E31 S 1. 3 o .33~~ 33 • I 5 560 SC • *0 3 . 30  I 3 640 *00
CT C’ * 5 * 5 _ C  

• 
33 . 

• 3 10  ‘33 333 • :~~5 000 1 8 *30 4CC --
I.I~~’• • 0 l . *’ ,10~~~. S’ II10 5 o ’ *  0 ,~~3S 500 • ~ C C ’  COO 435 ~30 II 1.30, 400 

I I
1 0 0 0,01 13 .03606 ‘&C • ’.

.0*5.5. 0 .  : • ICC _— C O . 0 . 0
0_ a - 405 C 4046. ‘ . 4 • • 

33 • .3 330 
- 

- —~~ : ‘ 
-

115 
- ~~I, ~1 ’ * 3 =  •, 0 C 3~ C~~ 3~~O • • -

2 _ Y C .3 4 3 3 0  .0. 60 : 3 3 3 0 3  333 500 03 016000

0 ’30I3C ‘01 — 
• 

30 033 c 
• 

.33 S.c  000  ‘8 6 30

1301 • 33, _ , C, 50 063 330 0 1 0 3 0  3 c’3 CCC

- 
.C 0 ’ . ’33303  • 3 ,3 ” 1 3 3 . ‘~~~6~~C • : . • •

1 4 4 5 0 5 : . ..
5 3 SC C C 

— 
—

4 3 0 . — ’  % 4 E _  . 1 4 . ‘0 000 cC SOC SOS
0I0C0T ~ S . .53 ~. C,IS CE.  ..~ . . COO coc ‘0300  OOC

333510 .33 336 1 0 3 0 0  C0300 ZOO

C 3 ~~~~~~~ • , .3 0, , - .0 56 00. ~~~~~ 
I

• 0 3 5 3 0 ’ . A,~ 33 - I 133 
• 

0 3 0 3 3  
• 103

Ri. C IOC D~~~ *0 3 . 5 3  3 3 5  0 . C CCI 0 1 3 0 0  • 1.00 
• • -

• • 
6 .3 C C  *~ • 

4 000 
- 

3 3 : : . 
• 

• 3  0.3.. 
• 01 300 • -

I • 1 0 C C T C’  
• 

0 4 3 .  • 0 • . 0 0  • 
tO . 330 ‘11,0CC 

• •600. • 33 CCI. 
• 

.0 000 
• 

IS ‘ICC •

• 1.0 5 , 5 5  CCC 3 S 0 3 5 1 0 % 3 C _ C C .  _ 3 3 1  33. 0 4 3
355 10. 33 4 C * ~~0 0 4~ C O C A  33 , O

op • r • 5 . 0 0 0 3 .  3, S E S ’ 0 %  O C 5 R % 3  . 5 30 606 00% 005 1 0 4 0 1  0
I 33 *~~..O3 3 .36 01.
Cc 3 TI.

• A - b



- _  ~~~~~0~~~

APPENDIX A-l i

SUMMARY FOR ST . C~ A R ~C33.TY ‘ 6*055 ST E

— 
011 o 1~ co oT CII ‘*~~ 00S’ 0.6 3.ICCST I%~~~~ C~~~~ O 3, ~~4;

0
5

S C  ~~~~~~~~ I~~~4”T ’ 3I5 ~~~~~

30 035 *3 . .04 “6 4 050 
-

000 e 0.3.00*1 30 .360 0404 . S 000 q 3 10 3 3
.50,0_ 050 0. 500. ‘1105 .C~ 8 103 003
.,005 10 ,D 0*660.08 .3 ,606 03. 383 z, oe COO
C 0  005PAR4 ” Qs 03 ,300*4 45 4 ~3* 000 ‘~ 

- • :
30 333 00 0654

I.C 5 0 . a O O 5  363 
- 

33 ‘3 •33 30*

—
~~~~~~~~

-- 
~~~ 

— — 
a

- 
1 *33 5 E 50 0*v — - — - : , 40 0 0 3 ‘ 83 COO S O C
00* 353 1.3*050 

. 
.10 *33 

‘ 
~~~~~0 0 II c
- ‘  ,00 -

‘~~~~~04 _ 00e 433  5.. 
- 

6*1.. *04 530 CCC. 350 30 4 , 00

O, , 333 1-  033 00 330

.450 2.10555. _ ‘ , — . 
• 

‘ 00 0 0 3  
— 

3 a S ’  053 0403 0
3 3 4 0 4 5 3 3  _ o C C 2..*~~% 3 _  *3 , 1 3, - 

03’ cOO ‘ 3 0 3 _ SOC ‘ 
~~~030 

—

.

.0 0 6* 3 * 0 _S O 116 _ 01.1 3 . - 
4 03  300 3 8 * 0 3 003 — 

4 C 0 3 C  
-

433.  1_ S  c _ C  .4 C _ C  5 33 14 300 ? 13 ’14 455
33 .331 0 3 3 ”  — — 13 a8 4 C 0 0 3  .33 ‘ -*0000 _,__5, I 0, 11001 • 4035. 350 

- ,
.3513 • 

. 3 0  * 3 0:3 50 -00 3 1 C 4  300 4 0 3 , 300 
- —

563 C c  .20 : ‘‘S _OC ‘* 3 6 0 3
48. 0 

- 
0* 0 1  3 3 3 6 0 0  5 ’ 0 5 3 0

‘- I C C  *33 . 1 1 0 .  38 .0  3 6 . 130 10.3 3 3 0 5 0  I,’1,1’52l0.30 c 6 6 4 C S C 0  

~~~~~~~~~~~~~~~~~~ ~~‘ ~~~~~ ~~~~~~~~~~~ C* C , 003 , 
~

.. _:, 
~~~~~~~ 50 .1010 , 3 8 4  • 0 . _ C C  ‘cC ‘ ‘ 0 0 0  

-
0,3 4 3 ~ 35 1 - 

. 33 ,  330 I C C ’c O O
5 o l  ~~. .0 ’S., .,, 53 4 , . soC , 45, .0 433 

- 
03 1  033 1* 0~ R 203

00 C~ _ 3 3 3 0 0 _ 5  .3 . 0 32’ 05  0 ’CS a0O ’~~h4 33_  36 300,0C3
‘ C • ‘• I3~~403 0*150 38.3  ‘lOS . 0,001 030 c*8 .2* 030 0 038300 33000 ~~~
3 3 4 .C OTTORE C C , .

‘ 3 4  V , 0 0 2  . .0’ 113 C SOC

:— o ’ ..o 0 0 4  ‘0 , 4 0 * 1 1  3 0 3 3 3 3 3  34 33C 
— - ,

C*0 _~~~• c ’ C O O I O C V  ‘5 4 * 3 3 0 0 3  4 0 1 53  
—

— 
0 3  4 0 0 C  6 0  3

I

— 
E 5 400

. 0 0 , 0. C _ _  * 1 8 2 0  100
‘ . 3 ,  .0 0 . 3 3 3.  36 , 503 400

5 4 5
.5 0 . 84 .310 C O ’0 1500 C* 033 

—

0 3 . 0 0 4  , ‘ ‘C , . ‘00 4 0 0 3 3  3 : 5 0 3  83C

O ” C , *0 3 . 5C 8 5 0 . 3 301 s 3 ~~I 230 ~6 4 0 0

• ~~~~~~~~~~~ 1’. * O . ,C  350 C 3,00 ‘3 03 0  333 
— 

0 0 ’~~ 0. 3 . 3  C I o.C 5 3 6 0 0 5 ,

0 . 0 3 3 1 _ C . ~~~~~~~~~~~~~ 3 8 ~ C5 0 0  
- 

0. 830
0 •04 ’ . 33* l0 .ER .0 5384133. 0 E00V , ‘ 8 ~ 8333 383 000 ~~~~~
:1 

‘~~ 00 , _ ,
~ 

, • ~~~~~~~~~ ~~~~~~~~~~~~~~ —_ _

- 0301 sO , 3321 0333 S 13 0 5 3 5 s 3 $  o I LS  _004 3%. 6 , 3
355 3~ ‘ 0  C E. 105 ’33 3 3 O C A I* 5  , O 3 3 3 5•

“1 0, 1 1 ( 3  4 V~~1 C’ 1 3 S o 4 6 . 0 ,~~~..’5 , C _ C

A- il 

_•-~~~~ — ~~~~~
_ _ _

~~~~~- -- _ - . .
~~~~~--.— ~~~~~~

.-



_ _ _ _ _ _  —..- ---- -~~~~~

p

APPENDIX B

SINKING FUND FACTORS

Bases: “Econom ic Effect” par agraph 15 , Corps of
Eng ine er s Manu al , EM-1l20-2-104.

Factor

Years R e p l a c e d  5 1/ 2% 10%

25 0.01955 0.01581 0.01017

16 .04029  .03564 . 0 2 7 7 8

10 .07767  .07238  .06275

8 .10205 .09694  .08730

5 .17918 .17389 .16380

Pumping S t a t i on  Examp le

5 1/ 2%
65% Cap i ta l  not rep laced
20’~ Capital 25 yrs x 0.0196 = 0.00392

5°~ Cap ital 16 yrs x .0402 = 0.00201

5% Capital 10 yrs x .0777 = 0 . 0 0 3 8 8
5% Capital 8 yrs x .1020 = 0.00510

Factor = 0.01491

B- i
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