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Increased water re..uSe_islnevitable, particularly fr
oJL£onservatlon demaTTdT-JHg-ecQ-~
use Juac once and therTillscardT ^cS:"waieTirsi^y^s^

M^~i?^SB?__r_l?.fSetS '" irrig3ti0n PU™ inwater resources in Israelis effective response to scarcity of
water conservation « 1 '̂ 1 "^ Countri"' Although this
alternative in a country whJhT A ^ efficient water supply
water utilization^ it _SS_S.^_ S™-/" ^ 3m°del °f ef^ent

^£i«S_i___i^vr^^ycc^ rter*—-"-"- —,fSpect to the cualit^cfanee L cumulative processes with
(and occasionally even the sho?5 £™?*?"* ?""• The l°ng-tem
preassessed by policymakers > ^ °f th±S ChanSe sh°uld "e

*£lt™o^z^atrT£l SSfe1".?and thewater in the 80's is to be expected T^Ln T eXtfnsive reu" of
more sophisticated methods in the ft- «? ""' Calls for more and
water in agriculture^? Consequently the 6ffXClent reuse «* "cycled
and environmental consequences of ILK! aSSeSSmef of the ecological
Precondition for r.tS^^ltl^^^iVd^T *" *
he^Tfee—ire^h^I^^
'p^rtlo^r^n^SiS^Si^^^• in-ifliitLia by -Uie^reuseof recycled water.ecycJ
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recycled irrigation water -n^f "? COmPounds ln the untreated
We Lve chosen the Beih-A^ha^s^n-n6!^ "? eS3entiaU^ cl°sed ^-«-case-history study. ~?cTlo^l Tn "-^a^-?s our site for amodel
pollution potential in Sat area(') ""h ^"^P* su™^ of
of the quality of thP recycled irr«„?• * conducted base-line studies
lished the phisico-ch'J^i "flgatlon water- We have also estab-key points g °sys2"_JS£^ afff"""-tions of this water in
period of time(5). Uniluents, effluents and reservoirs) over a
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Objective

Evaluate the long-term consequences of the reuse of -,„f„« ^
recycled irrigation water in agriculture in e^ti^clS systems.
Methods

Determine the PH conductivity, and concentration of the ions K+ Na+
Hg ,Ca ,POJ ,N03> and CI in the water sampled at the key points.'
SELECTED BASIC DATA OF THE INVESTIGATED SYSTEM

a. Flow Diagram

2*__*_ SSf^ZS^Ll* •*•„*—«^« system in the
aClosed system although tie loss of Tt C°nSidered as essentially
as well as ev ration fa ™ i of water via soil and crop absorbtion
and some accumulated raJn vaS ?h! V ^ l0Cal Wells and s£—
to the key-points for water slmpli'g! ^ ^ ^ fl0W ^^"f«

b- System Descriptions

Total amount of recycled water: 1_2 x 106 m3
!-_£_£* (WhlCh SUPPly ""^ ^^riys^ml: Salt water-75%; Fresh
^HKed of the Charod River (in which the irrigated area in located):
Total Irrigated area: 400 hectares.
«ac!Ii"'Sated crops: Cotton - «ng. rrr m

• New Lake - 4.6 x loV.
20%; Charod River

Reservoirs capacity: Old Lake - 7 x lp B
Si fuming water: Northern Channel

'u/., and Southern Channel - 10%.

SELECTED RESULTS

wat:rirth:tithuAiPr^Lof Ts\rlity fthe —ied *»*•«-sampling and ana ^ ! 7 aS determmed by means of water
the'main £ points of the "/" ^ *' The tabulated data refer to
situations for both winter !.__!?«"^ re?resent characteristic
end of the spring (slmpliL anT f ^ ^^ aS °f 1/2/78> and then„ j- »i"«M( (.sampling and analysis as of 7/S/7R-! tu„
Ponding calculated values of the S AR (6)' , 'IV' corres-—en the sodium cations J?thf t^of^g^i^^S^^

[Na+]

(1.. LMg7*"] [Ca2+^ }are also sh°wn. Complementary data are
2

Krtfnt t^agricv°'uncrorn- -AU ?! SiVen W3ter P—ters arerange consequences?') C P ralS1"g) " terras of sho«- and long-

^^2'S"^^^^,S« --onent of the investi-
«*. environmental "trade-o^fs" £ SL'SS: „| irrigftLnlater^""
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DISCUSSION AND SELECTED CONCLUSIONS

_Both chloride content of irrigation water and electrical condur.Hvli-y
(reflecting the total amount of soluble salts) are determining factors
ajTTar as tne long range ettects on the irrigated JJOll -and- in turn-en—
the crops raised - are concerned. ~ The permissible limits in water
suitable for safe irrigation of most crops in most types of soil are
150 ppm and 0.1-0.25 m ST'cm"1 (C]_ category) respectively. Consequently,
Spth the chloride content and the electrical conductivity of the water
being tested are tar shnvp thp. permitted standards' ftir Irrlmrlnn mj^i--
in agriculture. Their constant increase euJaugerti UuLU Lliyjrri gn*-"^
soil and-future crops. These high "salinity and conductivity are •
expected to increase in the investigated irrigation system and in
similar systems elsewhere as well, meaning that in the long run the
continuous salination of the irrigated soil is unavoidable.

In view of the good correlation between the chloride content and the
corresponding electrical conductivity, the later may serve as a
reliable probe of the former. Also, it can be safely speculated that
the conductivity of the irrigated soil would be found to correlate well
with the conductivities of the water used.

Although the calculated S.A.R. values fall within the acceptable range
of water quality suitable for irrigation in all kinds of soil (i.e.
group S-^ characterized by S.A.R. values between 0-10), they do approach
the permitted "red line", causing dangerous changes in the irrigated
soil structure. Such a_chj.nge may lead to a formation of hard and
large soil agflrggat'0s a Ipsqejiing of air permeability into the soil"
"and a .limited mnvempnt- nf i-hn »fif»r rV'rnr.Kh the soil. "

Finally, the substantial wash-out of nitrogen-containing fertilizers
may result in euthrophication in the various components of the
irrigation water system, particularly in the open reservoirs. This
factor in flood-irrigation should be taken into consideration with
respect to possible long-range effects.

SUMMARY

The reuse of untreated recycled water for flood irrigation in man-made
semi-closed systems (appealing both in terms of conservation and
economics) has its long term environmental trade offs: undegir^V. le
changes in the natural distribution of chemical elements and compounds.
The above are the result of commulative processes of past and present
operations.

A long-range study of the long-term environmental consequences of the
reuse of water in such (and similar systems) is clearly required. In
this respect our study should be considered as an illustrative case
history that may be servedas a first approximation model Jforsuch systems.

An interdisciplinary rethinking concerning untreated water re-use is a
crucial task ahead for those concerned with the design and planning of
future alternatives of water supply.

• -»• • • ••••:• •• . .. ••'. . •
106

-. " "'

•

REFERENCES

1. Arlosoroff, S., "Israel - A Model of Efficient Utilization of
Country's Water Resources," a paper presented at the United Nations
Water Conferences; Mar del Plata, Argentina, 1977.

2. Meadows, D. H., Meadows, D. L., Randers, J., and Behrens, W. W. ,
Limits to Growth, Universe Books, New York, 1972.

3. Shamir, U., "Application of Operations Research in Israel's Water
Sector," a paper presented at EURO III - The Third European
Congress on Operational Research, Amsterdam, April, 1979.

4. Ortal R., and Zak, I., "A Survey of Pollution Potential in the
Drainage Basin of Charod River," Hie Nature Preserve Authority,
Tel Aviv, Israel, 1975.

5. Zoller, U., Weintraub, 0., and Havatselet, N., "A Chemical Profile
of Recycled Irrigation Water in North-East Israel," The Sci. Total
Environ. . 15, 51 (1980).

6. Agriculture Handbook 60, U. S. Department of Agriculture.

7. Bielorai, H., and Feigin, A., "Cotton Responses to Irrigation with
Effluents," Hssadeh (ISR.), 57, 741 (1977).

• •- "

.,.-

I

•

• f



R
^ *

5
-

to
X

C
O

3

**
0

2
3

I* S
-* ;g 1
5

8
3

S
I

ro
0

*
-»

D

3
3

O
-

ST

d
o

e
n

">

^
J

<
x>

it

«
<

3
a.

(C
t~

)p
p

rn

^
j
M

^
i
M

^
^
m

.

S
3

-

3

D
O

^

*
T

^

E
P

2
A

—
c

a

^

T
A

B
L

E
1

A
P

R
O

F
IL

E
O

F
W

A
T

E
R

Q
U

A
L

IT
Y

IN
T

H
E

R
E

C
Y

C
L

E
D

SY
ST

E
M

O
F

IR
R

IG
A

T
IO

N
W

A
T

E
R

IN
B

E
IT

H
A

L
P

H
A

B
A

SI
N

F
u

\
i

:p
-\

f

2
1

S
A

.n
.

E
le

c
t.

c
r

M
f*

c
."

N
O

,
P

O
J"

N
."

K
pH

W
a
te

r
D

a
te

C
h

ec
k

p
o

in
t

c
o

n
d

u
c
ti

v
it

y
(p

p
m

)
(M

eq
r'

j
(M

eq
T

1
(p

p
m

)
(p

p
m

(M
eq

1
')

(M
eq

1
')

te
m

p
.

n
o

.
(s

e
e

(m
!V

'
cm

"1
)

(
C

)
F

ig
1)

6
.6

4
3

.4
5

8
8

0
1

3
.0

0
0

0
.3

3
1

7
0

.3
6

7
.3

1
9

.5
1

.2
7

8
1

7
.3

3
9

8
1

0
7

5
1

5
.6

0
0

.2
8

2
0

.6
0

.4
1

7
.4

2
7

1
.5

.7
8

6
.4

4
3

.3
3

9
6

0
1

2
.2

5
0

0
.2

5
1

6
0

2
4

B
.6

1
6

.5
2

6
.8

5
3

.5
2

9
6

1
1

3
.9

5
.7

6
0

.4
6

1
8

.1
0

.3
1

7
.9

2
4

9
.6

3
6

.3
5

1
9

0
0

2
3

.4
5

2
0

6
0

.2
7

3
3

0
.3

1
8

.1
2

2
3

9
.0

2
5

.3
9

1
5

6
3

1
9

.5
0

0
.1

6
2

8
.2

0
.2

2
8

.2
2

5
.5

7
.3

6
4

6
1

3
6

0
1

6
.6

5
1

.6
0

.3
8

2
1

.3
0

.3
5

8
.4

1
5

.5
4

9
.0

9
5

.1
1

1
4

7
5

1
7

.1
5

.1
6

0
.3

4
2

6
.6

0
.3

7
8

.2
2

2

7
.7

3
5

.0
1

4
4

0
1

8
.4

5
6

.0
0

.4
8

2
3

.5
0

.2
7

7
.8

1
8

5

9
.8

8
5

.8
0

1
7

0
2

2
1

.0
0

.2
4

0
.6

0
3

2
.0

0
.2

6
7

.8
2

7

7
.2

7
3

.5
4

1
0

4
0

1
2

.3
6

0
0

.6
5

1
8

.1
0

.3
6

8
.9

2
1

6

9
.5

7
4

.2
8

1
2

3
7

1
4

.3
1

1
.1

6
0

.3
2

2
5

.6
0

.3
9

8
.1

2
2

1

5
.G

7
2

.5
0

6
6

7
1

0
8

5
.6

1
1

3
.2

0
.1

9
5

7
.9

!
0

.4
.7

8
7

5
.4

5
2

.9
7

7
5

6
1

2
6

1
5

.9
5

1
3

.7
0

.3
2

0
7

.8
'

8

5
.1

2
2

.6
9

6
C

7
11

1
1

0
.8

2
1

2
.8

0
.1

9
5

7
.3

1
1

.4
.7

9
9

A
*

2
.5

3
1

.5
3

3
0

1
9

4
11

1
6

5
.5

0
.1

1
0

7
.8

J
4

.4
.7

S
9B

b
5

.9
7

2
.8

4
6

5
0

l
i
s

2
1

0
0

.3
9

1
4

5
0

.3
3

0
8

.6
2

7
9

.4
.7

8
8

A
'

1
W

el
lo

f
sa

lty
w

at
er

.
'

W
el

l
o

f
fr

es
h

w
a
te

r.
:

E
ff

lu
en

t
w

at
er

fr
om

an
ir

ri
ga

te
d

fi
el

d
4

da
ys

af
te

r
fe

rt
il

iz
at

io
n

w
ith

liq
ui

d
am

m
on

ia
.



-"[
m-. "••*•*•

tu

K

mi
7 <

e-

. Z
Ui

2
x

O z

• <

c _ u
_J — <

E o

« 4

;.. , h J J
•Hi '<

. mil

•wml 'i

it! lil
'III -1)

S •>

iiK
!,li

1.1 •

:ii!i;

hi !
1

«i"

H ; I

4-i
„

-

hii
!

1" •
ill.

i'i

! ,V|
I 11;

J '
' \>-- illl It i

1

I j
•/'/. •~f- ' >! 11 i i

11|] r? 4v:;T i

Ji
USL j«*-

1064

_2____ : : . "• "•••••-'-:- --•:

•

August 24, 1981

SITE SELECTION TECHNIQUES FOR LAND DISPOSAL
OF TREATED MUNICIPAL WASTEWATER

H. C. Hall , P. E.
H. C. Hall Consulting Civil Engineer, Inc.

49 State Street
Hart, Michigan 49420

Scott G. Thompson, P. E.
Vice President

Granger Engineering, Inc.
A Member Firm of the Wade-Trim Environmental Group, Inc.

Cadillac S Taylor, Michigan

INTRODUCTION

This paper discusses a low cost methodology for orderly prospecting
for, and selection of, a suitable site for disposal by slow rate
land treatment-irrigation of treated domestic municipal wastewater.
The wastewater is added to the groundwater reservoir and is
stored in an unconfined aquifer where it is available for recovery
and reuse. Enhanced crop growth is a potential benefit, as well.

The goal is to find a suitable site where long term land application
will be feasible without adverse environmental and public health
consequences. The development of low-cost site selection methods
will tend to promote the land disposal method, as contrasted with
high-technology advanced wastewater treatment with subsequent surface
disposal. Only minor site modifications are assumed to be feasible.

Slow Rate Land Disposal

Land disposal is a practical method and is a valid conservation
technique. The term "slow rate" is used to focus attention on waste
water treatment rather than on irrigation of crops. The rate of
placement usually does not exceed five inches per week, average,
nor twenty feet per year. In slow rate systems, management of
vegetation is a critical treatment component in the management of
nutrients. Land treatment of municipal wastewater can be a cost-
effective and efficient means of wastewater disposal, pollution control
and resource recovery. In the smaller rural communities of northern
Michigan where sand lands predominate, the low volume of wastewater
generated, and the relatively economical and available land, are
factors that make the land application alternative especially
attractive. In addition to meeting the established water quality
goals of PuDlic Law 92-500, the system causes vegetative growth
to be enhanced, and water to be conserved in the groundwater reservoir.

The Problem-Alternative Solutions

It has not been uncommon historically for municipal and industrial
wastewater plants to dispose of treated effluent on the land. Also,
septic tank systems place sewage into the ground after only nominal
treatment. These wastewaters eventually reach groundwater aquifers.
Many of these systems are unplanned. This paper focuses on planned
regulated wastewater reuse methods. Wastewater reuse is acceptable
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