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INTRODUCTION

The East Lansing Sewage Plant was designed as an
activated sludge treatment plant. The Guggenheim
Brothers, a counterpart of the Guggenheim Foundatlon,
have patents dealing with treatment of wastes by chem-
icals to produce coagulation of suspended particles.

In the asctivated sludge process the treatment is due to
biologlcal activities in the presence of large quanti-
tles of atmospheric oxygen, without addition of any
chemicels. The genergl idea of this project was to
study the effects of adding iron to the activated sludge
process.

The unique system to be applied in this particular
case was the use of iron in waste pickle liquor. In the
project the waste pickle liquor was obtained from the
Oldsmobile Drop Forge Division of General Motors. The
plckle liquor, when first used, is a dilute solution
of sulphuric acid which is used to clean iron metal
before processing. The waste pickle liquor, having
plcked up iron particles chemically, contains iron in
the form of ferrous sulphate. The factories using
pickle liquor have a definite problem of disposal, so
they were receptive to the idea of hauling sway any

amount that we wanted. At present, the Oldsmobile Drop






Forge Plant has set up a small treatment plant for the
disposal of this waste. They add lime slurry, which 1is
a waste product from the adj)acent Fisher Body Plant, to
neutralize the acid before transferring 1t to the city
sewers. Therefore, it seems that any reduction in their
treatment costs would seem worthwhile.

The process of adding chemicals 1s not at all a new
one., Many different chemicals have been used in the past
such as iron salts, alum, etc. The use of waste plckle
liquor, itself, seems to be of greater value because it
only requlres the cost of transfer from factory to
treatment plant.

Based on proven theories of 2dding chemicals, the
problem was to prove not only that a higher settling
rate could be obtained, but that pickle liquor could be
used as a coagulent in the treatment of sewage
and not be harmful. The pickle liquor is an acid
and 1t was not known what effect this would have in
the possible shock that could be incurred on the bilo-

loglcal status in the treatment of sewage.
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SCOPE OF THE PROBLEM

The problem was to determine how much sewage could
be trested efficlently in a limited tank capacity, and
yet produce a sufficient reduction in the biochemical
oxygen demsnd so that it would still be safe to dis-
charge the effluent into the Red Cedar River. (80%
reduction in B. O, D, from raw sewage to finsl effluent
is considered sufficient.)

From the dlagram in the folder in the back of this
paper one can see the layout of the East Lansing Sewage
Plant. There ere two distinct paths for treatment of
sewage., Originally the plant consisted of two primary
settlers, nine seration compartments, and two final
settling tanks. In 1948 an addition was made to the plant
which consisted of two primary settlers, two aerstion
compartments (equivalent to eight as compared with the
original aerators), and two final settlers (circular
Dorr type). The original installation will be referred
to as "No. 2" and the new addition as "No. 1" in sll
data, curves, and discussion.

This made an ideal situation for our experiment.
It mesnt that we could compare the biochemical with
stralght activated sludge treatment. It was decided
that the No. 1 installation would be opersted for this
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experiment with the addition of the iron wastes and No.
2 installation would be operated in the usual megnner
for activated sludge, without addition of chemicals.

Next came the problem of placement of apparatus to
inject the liquor into the sewage. Due to the layout
of the plant 1t was declded that the place most acces-
sible was in the feed trough to the seratlon tank (see
diagram of plant).

After approximately a week's "build up"™ with waste
pickle liquor, one primary, one aeration compartment, and
one final settler of No. 1 slde would be drained and
inactivated. This, of course, would necessitate a much
higher settling rate to produce the desired B. 0. D.
reduction.

Finally, it was decided to start a flow through
No. 1 side at one million gallons per day; run that
quantity for two weeks and then increase the flow to
one and one-half million (1.5) gallons per day. After
operating at this capacity for two weeks, the flow would
be increased to one and eight-tenths (1.8) million
gallons per day for a period of two weeks. Finally,
the flow would be increased to two million gallons per
day for the final two-week perilod.

The totsl period came to approximately nine weeks,

80 temporary methods of hauling and injecting the liquor



presented a problem. This will be discussed in Plant
operation.

The amount of liquor to be injected was determined
from charts that had been made up by the Guggenheim
engineers. A one million gallon flow and a one hundred
B. O. D. in the primary effluent called for two parts
per million iron (Fe) and approximately two and one-half
parts Fe for 1.5 M. G. D, At 1.8 M, G. D., three parts
per million would be added, and finally four parts for
2 M. G. D. (2 million gallons per day flow).

This covers the scope of the problem and from what
has been ssld it would seem to be rather s practical
problem based on proven theories. Dats and curves will
reveal how true thls statement may be.

Summarizing briefly, the scope of this experiment
consists of:

I. Running two distinct flows through the orig-
inal (No. 2) and the new (No. 1) sides of the
plant,

II. Observation of all representative chemical
tests run on both sides for comparison during

experiment.

III. Consideration of practical applications from
results of the experiment.
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HISTORY
Ancient

Water purification by chemicel sgents 1s 8o anclent
that its origin 1s completely obscured by the shadows
of time. Records indicste that the practice was well
known in China and India thousands of years ago.

Ancient Chinese and Egyptiens put alum in their water
tubs for clarification purposes (2).

From the diligently prepared medical lore of the
Sanskrit, methods of purification employing the use of
sunlight, charcogl filters, and treatment with copper
are set forth in great detall. Also in the Bible, water
purification by adding salt is mentioned (3).

English Experience

The peculiar combination of circumstances, such as
Lord Lister's momentous work with disinfectants and Koch's
remagrkable discovery of pathogens and their presence
in water and sewage, together with the concentration
of populatlion served to arouse English public opinion
to the necessity of reform in public sanitation. A re-
port from the Royal Sewage Commission in 1865—recommended

land treatment and stated that chemicals could not render
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gewage non-putrescible, although they could mgke it clear.
The Second Royal Commission on Rivers Pollution in 1870
ranked in order, filtration, irrigation, and chemical
processes in the removal of suspended organic matter,
but pointed out that land treatment removed twice as much
dissolved organic metter. Plain sedimentation was used
for most treatment, but in some cases chemical methods
were recommended, lime being most frequently mentioned
a8 a coagulant.

In 1870 and "A, B, C" process using alum, blood,
charcoal, and clay was boomed because of the high
fertilizer content of the sludge. The effluent, while
clear, was stlll putrescible and fertilizer value of
the sludge was lost due to the high costs of drying.
Because of aroused public sentiment, a chemicel pre-
cipitation plant was bullt in London. The solids re-
moved by this method were hauled to the sea and dumped.
Although not entirely satisfactory, this method was
used until World War I. It was abaondoned at this
time because of the high cost and lack of chemicals.
Glasgow with 1ts free acid and iron wastes from wire
mills found an glum-lime system worked well.

Many English cities had chemical treatment plants,
but the partlal fallure of sedimentation blasted hopes
of financisl gain of sludge recovery. This led the Second
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Royal Commission in 1908 to 1imit the use of chemical
processes to strong sewages and those contalning trade
wastes. By 1910 most plants were converted to biologl-

cal and settling processes.
France

The experiences were much the same as those in

England.
Germany

In 1870 Germany edopted chemical methods in several
plants. At Leipzig, an iron sslt was employed which
gave better results than at Glasgow or London because
of the nature of the sewage. Unlike the French and
English, the Germans took to mechanicsl methods such as
mechanicsl screening and sedimentation when chemical

methods were found to be unsatisfactory.
America

The first chemical precipitation plant to be used
in the United States was completed in 1886 and several
plants were installed in the next ten years. Worchester,
Massachusetts, was the first American city to treat
sewage before 1t was discharged into streams. This

particular sewage contalned iron trade wastes, masking
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it ideal for lime treatment., The process was used from
1890 until 1925, when Imhoff tanks and trickling filters
were adopted. The first alum plant was buillt at Somer-
ville, New Jersey, in 1887, end that same year Alpheus
Hyatt was granted a U. 8. Patent for the alum process.
Providence, Rhode Island, built the largest chemical
coagulation plant in the United States. This plant
remained in use for thirty years until 1931, at which
time it was remodeled to an activated sludge system.

Some of the other American citlies that have used chem-
ical precipitation at one time or another are East

Orasnge, New Jersey, Long Branch, Mystic Valley, White
Plains, New York, Canton, Ohlo, Chatauqua, and the Chicago
Fair of 1893. Due to the rapid development of biological
methods chemical treatment never has gained much favor

in this country (4).
Recent

During the recent years because of improved methods
of hendling and decreased costs, chemical methods have
been more widely used (5). It has been found, too, thet’
the use of chemical coagulants 1s imperative at many
weter supply and sewage disposal plants during certain
annual criticel perlods in order to remain within pre-

scribed 1limits (6).
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THE COLLOIDAL NATURE COF SEWAGE

A review of literature reveals a great number of
investigations which indicate the colloidal nature of
sewage. Blitz and Krohnke held that sewage particles
are negatively charged, while such coagulants as ferric
chloride are positivelycharged. Dunbar, Jones, and
Travis ascribe the phenomena of coagulation to surface
attractions. Harrison points out that color in water
1s due to colloidal solutions of organic matter such
as humic acids, galletes, tannates, or sallicylates, or
in many cases due to the alkalinity and high iron con-
tent. He also states that these colloidal materigls may
be either positively or negatively charged (7). Seville
also obtained similar results from his work (8). Upon
investigation of the humic acid type of coloring matter
in water, Miller found that it was due to negatively
charged colloids (9). Spencer's théory is that to
render particles mutually attractive is to end their
colloldal state.

As soon as mutual attraction arises, agglomaration
takes place and the colloidal solution becomes a full
floc thet steadily shrinks by packing together and

precipitates because the mutual attraction of the particles
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in the floc 1s so great that their "gluey" or stabilizing
properties vanish., He points out that particles in
colloidal solutions have electrical charges either posi-
tive or negative, but mutually repellent; if they are
positive, they can be precipitated with aniens, end if
negative with cathions (10).

Babbitt sand Deland suggest that the addition of
chemicals to water form an insoluble precipitate which
absorbs and entrains suspended colloidal matter (1).
From summaries of previous studies of classification,
Norgard concludes that coagulation wilth FeClp is the
reduction of the charge upon the suspended particles by
colloidal ferric oxide, which has a positive charge
due to absorption of ferric lons; the mutual neutraliza-
tion of the charges causes coagulation (11). Eldridge
points out that the object of chemical coagulation of
sewage 1s to remove colloidal material by floculation.
Upon addition to water, varlous ferfic oxide hydrates
are formed wnich carry a positive charge in acid and
a negative charge in alkaline sewege medium (12).

From the foregoing considerations, there can be
little doubt as to the colloidal nature of the clarifi-
cation processes employed in the treatment of water and
sewage. Therefore it can be assumed that this experiment

at the East Lansing Sewage Plant fell into a particular
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pattern. The sewage which was almost entirely domestic,
carried negative ions. The pickle liquor (FeSO4) ﬁas
positively charged, thus a mutual attraction producing
a floc which caused a higher rate of settling of those

particles in colloidal suspension.
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PLANT OPERATION

The first problem to be solved was to arrange for
hguling of the pickle liquor from the factory to the
sewage plant.

Due to the fact that acid does not affect wood,
wooden barrels were used to transport the liquor from
the factory to the East Lznsing treatment plant. It
was found that o0ld, used fifty gallon milk (whey)
barrels were very inexpensive and would serve the pur-
pose. During the first psrt of the experiment the East
Lansing Treatment Plant truck was large enough to haul
the requlred amount of liquor, but as the flow was in-
creased a larger truck wae needed. A truck was then
rented from the college for transport.

Next came the method of injection into the aeration
tank. The first method devised was shown in diagram
"A" page (31). By using a head box with a constant
head, it was expected that the quantity needed could be
properly controlled. It was found after a short period
of operatlion, that particles of wood from the barrels,
dirt, etc., that floated on the surface of the pickle
«}1quor, would clog up the screen and valve below.
Solids also clogged up the two control valves of the

feed line and return line from the pump which was used
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for pumping the liquor from the barrels to the head box.
Also, 1t was found that the scale in the liquor inter-
fered with the operation of the pump. It would score
the pump housing (brass) as well as the rubber impeller.
After a period of operation the pump could not pump from
the feed barrgl which was sbout six feet below the level
of the head box.

It was decided to change the structure of the ap-
paratus as shown in method "B" page (32). The valves
were removed from the feed and return line to reduce the
head, and the valve wés removed from the underside of the
hesd box. The pump was slowed down by a pulley belt
system. A glass tube, which was stretched out over
flame (triel and error) to get a proper opening, was
inserted under the head box in a rubber tube. By doing
this 1t was found that the glass tube did not clog up
nearly as much as the smgll valve, but would occasionally
clog if a larger particle did get through the screen.
The pumping head on the pump was reduced, but it was
8tilll found that the waste pickle liquor was wearing
the surfaces on the pump housing and impeller, After
e period of operation this became unsatisfzctory. One
man's time was required almost continuously to operate

the injection system.
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The method shown in diagram "C", page (33) was tried.
The fifty gallon barrel was filled and then run out slowly
by means of the valve on the bottom of the barrel. The
head was large enough so that the valve was prevented
from clogging. This also meant 1ntermittenf running of
the pump. The area the screen occupied was also in &
clean solution of pickle liquor. The scale settled to
the bottom and the scum floated on top, so a clear,
green liquor would normselly pass through the outlet.
Trouble with the pump still persisted so 1t was de-
cided to mske an ejector as shown in diagram "D" page
(34).

This method proved most effective of all. With the
help of the plant operators an ejector was made from &
plece of one-inch co;per-tube and a three elighths inch
copper-tube with a hose connection on the end. A re-
ducer was placed in the water main and hooked up with a
three-quarter inch garden hose. A three-elighths inch
rubber tube ran from the supply barrel to a sediment
bulb (made from an old auto carbureter) and then to
the ejJector. Much to our dismay, the acld ate the
metal top in two days. It was found that the pickle
liquor was very corrosive on most metsls -- and wearing
apparel slso. A cover was then made of one-fourth inch

copper plate and copper-tubing inserted through holes
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drilled in the top. A brass needle valve was inserted
on the dlscharge side. This worked quite well, but an
occeslional clogging of the needle valve resulted from
particles that had mansged to pass through. Genersally,
though, the high velocity through the needle valve kept
it free and clear. To overcome the clogging of the float
system in the supply barrel was devised as shown in the
diagram. From then on the injection system functioned
satisfactorily, The time period of injectlion of the
pickle liquor could be extended at lower rates to get a
more even distribution of iron (Fe) into the aeration.
tank,

The amount injected each day sometimes becsme a
difficult problem. A rainstorm or increase in flow
would demand an increasse in Fe, so it became a matter
of estimating such things as "wash day," rain, etc. An
attempt was made to estimate the day's flow and then
put in a proper amount of iron (Fe). The following day,
after a check on the total flow, 1t was often found
that either too much or too little had been added. It
was then a matter of making up or deleting, whatever
the case would be. By this method the proper amount
of Fe was entered into the tank. It was found that a

limited overdose or underdose did not affect the plant
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operation noticegbly. Due to recirculation of return
sludge, much or the iron is meintained in the system.
As stated previously, one M. G. D. was the first
flow to be run through No. 1. This was accomplished by
resetting the weirs in the weir box (see schematic
diagram of plant). During the period of this flow no
trouble was encountered. The amount of iron required

was 2 ppm.

M. G. D. flow
34# Fe/M. G. D. = 1 ppm
x 8.34 equals 16.68# iron required

1
8.
2
On the aversge 1t was found that epproximately 10 pounds
of iron was available from a 50 gallon barrel of iron
pickle liquor. Usually, then, two barrels was sufficient
per day.

The flow was increased to 1.5 M. G. D. and at this
flow operation was accomplished without too much 4iffi-
culty. However, when the flow was increased to 1.8
M. G. D. it was found that more trips were necessary
to haul the liquor., At thls stage a larger truck was
used carrying 10 bsrrels per load. Sometime later in
the week 1t was found the liquor at the factory was
very low in iron content. This made 1t difficult to
maintain sufflclient Fe for the flow. Monday was usually

a good day because the factory dumped their waste pickle

liquor over the weekend.
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It was also found that the level in the aeration
tanks was too high for efficient seration on days of
high sewage flow. The high flow of sewage decreased the
detention time in the fingl settlers to obtain good
settling results. This, of course, could be remedied
in the design of new plants by the use of larger sizes.

When the flow wes increased to two M. G. D, it was
found that the higher resulting level in the seration
tank further interfered with efficlent aeration. The
aserators were run at 100% capacity, but were not fully
efficlent. A new deslign could help by being able to
ralse the serators up to the proper level. The veloci-
tlies were too high in the primary tank and final settler,
so both primaries and final settlers were then used to
obtain proper settling. Only one side of the aeration
tank was kept 1ln operation, although 1t was not operating
at maximum efficiency. This rellieved the "murky" effluent
over the cascades.

During the experiment, all regular sewage plant
data was recorded. For the entire nine week period, the
pH never at any time ran below 7.0.

Besides this, one separate test was run on dissolved
oxygen at the entrance and discharge end of the aseration
tank dally to determine the efficlency of the aerstors.
This test was run once in the morning snd again in the

afternoon. As stated before, at high flows, the serators
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were not operating at a maximum. This experiment revealed
that at low flow maximum gseration did not occur, but at
a medium flow a maximum percent of aerstion resulted.

On the data sheets, weekly averages were kept.
Read down for the No. 1 side and read up on the No. 2
slde to get the weekly averages. It is pointed out that
at no time did the total % B. O. D. reduction go below

the minimum of 80% as required.



P~ SR



METHODS OF INJECTING
WASTE IRON PICKLE LIQUOR (FeSO4)
INTO AERATION TANK

29



30

Y

nr ﬂr\A'
T

NETw:ZD

SCREEMN

| |

. i
If ?r* vaLE
, I
[ {

L !

; : ;

° |

== LTI

FEFD
RETURN

VALV E

VA LVEZ-«H

/I' N < =
Vi HODSE

MOTDR —

N LT




31

— e e e S

}

{

|
g

t

ETU

AHIRIE
MOT2Q

A A ’

50 GAL B:

Kre L




32

A

v

begi /-

e ———

v~ :

|

MOTCR




33

r
v ..
Y s
KRB e
) LN
[ re
l
21 .
s .
i [
. i
P M

=

LT

[}
—

T3

! [
1) R S -,—mj
AT

v 1

hY

. |
<]

CEE

~

O

[
[ end
R

2 Cr L(_

el TR

|
il - ;)
| by 0 !
ol fi=d 7 a
__ i N ‘n
o =

A o/ S




DATA

34



35

= . o T T T T RI I TS T T ey
b "‘\ S ‘-\ ' I
M u T ::: VISR ST T

TEMPERATURE

g.'t

smmo s seoieens

PR e oo

:LO\."

M.\—L.{:JI\I (:AL;O\AS PER Dawvy

&

RA SEWAGE

4

b

2

S

% PARTE FEXK MILLIOtI |
D I FRAIiMAKY EFFLUENT - .

C [ FINAL EFFLUBNT " N -

4- ISusPRENDED STLDE | ‘
0 JRPAW SEWAGE |  PARTE PER MILUCN ]
b [°RIMARY EFFLUENT e e

C TFiNnAL. Err-'r ULN_Y_,_ ] " - n

d IMIiXED LIGQUOR~ | " " o

e R‘:TURN CLJDJE - - .

S s=zTTA "\.E—“{dub, 'g'““ RS RS TS S S SR s S S L e e
5 - izt

M ‘)(E.D L\QQOK

i

J |

PfTURN SBKJIJQE

"

e
i

—ta

_FK\

Qc""{..k' os-. _T'N\v:
.JETT TNJ“- .
AA::.RAT\ON TANK

N O;D OXI

Fitbaw TETT sANv..

HDUFE

X, SRR ...-r.:uu_ T MM e PTG T AT LI TR RS

SETT UNG RATE OF MIXED LIQUOR 1N
CMiLLIL ._R:-’_‘ \FER./“ MINUTES TIME

SETTUNG RA’TE OF RETURN SUUSGE N
ALLILTERS/ LITER /20 M TeS Time |

"

i

- AE—J« ATO»—&.) -

~Jut4bE.-« 9] '\A

u P\l

!
|

PERC E_h ot

LMD I S 8K e 2TV R

=

Fee

T Il T SmoTenes—y

‘/(.aL x'.'\nﬁ JU5 SoTO

RAW < CENLGE

Fg»Qg&_i\‘“

g

"
A1
ety e TET PSS T U LSTR 2L Tomomt o yrmie sy ~—

T . "J\ p /*cnlu’ Y"_S

S ot O m— - e

A\/

- - @ awererez ey

PL\\«r‘b CE(L N “::.O”K“

few O

PRIV ARY BFTCUEAT

Nlo DLD'!;:OJ

FINAL EFFLJENT




.t

WHTL 43 17 { S9Q07s INLEA "AC0DO 1 aIXIW WTaED Tt INEITaN v A

vo; 4 MO QRIWCAW™RAY AAZIM LYNL SLSAL TV Nl OL IJA0QAV Q=OIUARAY Yd '3LAGN SHOvn3d
(dn av3d) 2 ON

ﬁ Nolvz3v] NoilN313n] e ton fanos1ac] ene wmon calios gne g0 o Ava § 1= N7 4]014 101 feval oK

il o o . b ~
¥23%] ot s w3v | inal o/ fasw] < 1w 53] taalmvel 5w | TN |43 g w7, 543 wa | raval </, [aOW] QoW 4. | A
\ [Jessfezc]cc]| o] v or[oizf vafozjor| tz]| zofosaes| svofoz} trl1zif6a {5 [ez1forzjosr o:; v fu e
- —a— - ep—— ._ S |\ i ~ Vm iy
| Jesslescloc] e[ o] sz {zezlne| oz]so | sz |tzifooor]| oze [s0} ot [1s1}€6 [0z [asi[eszfse et} pelli z |z Jor -
—4 - : - . ——t s § A O : -
¥ -6 mNJ s€ | ¥L| bl || 22 |99%] 98 | 07 02|95 | elljoors| obl| Q| L9 (€l SG | sl |e3 09/ | S Lal Bl T
— -t bls 2 ISP 4 4 m u , = ‘Ill.wllbltl'!L n#ll? W 4 —

foysL6(lLRfs sl oL | 3| 61| Lo 3 Ll = = oo OO F 06T | llseeiSem fioiem §i sy fsamf e sthl 18z} ol 1t
& TR e Sorm ooy et o N PR B ! e e e e o et AT
[ers[sicfezioe ] enlse[ue] e[ 72— — [ —Jomislaos |— | —[—f—I—|—=T—lsw|ausi] o [z
1 + e iwiil|1|||41|¢‘¢|| —p—t— , —F liw!:ll,r,\r[.inl;wivb.} 4 —+ .N < —
| \jor-elveslre 7L 1|67 462 UL | T y— | — | — J0077;963 |~ |— | —|—|— |— —loshlesz1} g o 2

. e _ o s s 1 _ e
_\lrnh.m LGelog, oL oz |92 |6eg| iv | ZIj— dl. | — ommqrrmn e Conph s Waast e .!Fl 7pb ) BLICI B §Z
e e — g Y —— ==t - — v rs R —— t I - 1\»1? _— et

roreize8f »'s| g {291 | I+ : 0s13L'98 (L2 7| L01|s0T 2 1 jssez) 1L [Daw
B O R A R L :HL 1 | v_mw‘,- s1zee|vais |z [vs [vosifios izz|confsoz]iv 1z fssezfiu foa

Z |p8-tL{ 60 b me 9'Z w.maw;w.g@ 4 PR Lm.ﬂ 20\ m,fv co 9 | £B8 [scciileet zz [1CC mw_%.nw_ Nnm.#w
= s 5 = = —F e = SR = po e = — e ek ki = R = = 4 = s
7 fse8|OEPi 1Y |oL |0z for .mu.u L7 | o_ml.!. =] ==Joerz] ARl —1 — |~ oc | v |05 .ng‘ THLQ; i
w8 ST | R R Rl (s BIGR ~t+-——4 , -t = : P e g
L hseslgupllos e |z vz iasy or | 2V —| —| —]ocev|0zal|— | — | —{eC | b5 |co [s32fossliss ko6 w
T«”'JTI . m qm[ IS .“nAT,' .ﬁ[lu # o mﬁ 15 mﬁ,v-t ﬁ, -~ gt - - f e g RS S |3 + s ) LSt Lvt.i\% Wu... Tl
z fre-al@zgroc =gl 17 _ oz |1gst ag | S| —| —| —] ootz 828} — | — |—lee! 01| i Lsiflsssiesen fzes
I'L"Lv'l L.Avv T 2 ——— - — rli\ —_— Yt‘?yi»T!ul ————— e —— A 4 ——t— i e - - 4. i
T jse-e (80Pl LS | S9 ﬁm.u gl —mu.,_ gv| o —| —! —{ oaLe mum — | — | — 196 | bz #5 | L7 _J,R%mm,_
TR O R T M T §OR TR iR [ B R TS R Iy (WA D BRI e B Wi acics e e
o ot Rt B ol M8 o B ) +‘-v; L] =€) eli} 0517|099 ¢cC |16 (961166, 71| 9t 091 psc|ers
< ﬂ.'ﬂlx-Q. oy eg o'z FN ”'Nm“.. 0W1 ): - m 5 —— e D Y 2 hing l.l'lh'l.‘l.fll | Vv ! ) Y Y
- = Wd_rt".rr-\!\ i — a ape = b Q bZ1 \Ovm~ oy : Py T ~ ! ————— e e — 4
Co-L N:Nv (& w (238 =) L7 o OPW. e m—ﬂ» _ JY"}IY D h\q N~ _(V_ # \i}.\b C'Y | o6 { '
W | ol oy = e St (e ) |l 2 | =y N e, AT el 2 L L] P RS T e )
B ﬁu%wﬂw&uzlh# T A 0 R s e e e B0 ISR IO BT e T — |S8T1%5|08b ]
L NO N TE [Samon o Lae fawd e m T e i L S8 87 | o [ o o T
I il RYTYETEe v puaesiad KEE] RTT%) e m | TLTGS | SoS

———21__ Sdnoy 144 [y o/, |'aom
1oN074
Tuv.l.l..chﬂunr




s i

05-§2-9 'CE N Q0

>O 2349 N pNMYNCL

NOLITAIU] NOiIANILIH

- D‘MN -~ e ———————
Se{san fwed wav] 1

=

:

-

| [Hsaelss]foclcn

|

se6jssafoz &5

aw
T
|

H

NUZ

Q03 5... n

nDi..Oﬂ nDﬂ

- mme—— e

1M CTITM 13CIY TS UEVYWIY

%201 07 AT&Q Y

{€8-6492 | ¥z | S

' an Y d

4= 1S
21 S1Q
—‘—
i?um G

=)

d

\

==
ey
]

is8-6|SLIBZ. 1’9

M S

g

$9-6|/5'S mo.i@
se-elzc |

»I“"v"

g9-Glac i ®e] O

SEL-6 ﬁ 1%

Wi

=
Sk
id
|

|

PSS PRI PR
z lesatgzslrozlva
—_ — “l.w.hl. ——
1 ZjSepSli2iosiZs
i Bm_i.e.muo 4 B 4y
naf.|'l.v|l|:.. - b.ll.rl.'l
m?. Z §S6- PSS Ty 9Z, L'
! —f——— | —————
cf 2= ISebiSiSibzib
of— 11— #—
.fm & mm,v,.vv.v”,“ A T
= 1 | i S
= zllw.\ ﬂﬂ. 7 -WV_. izhie
e _,M.mﬂm_mm vM il
Hinma) JocﬁTnﬂdi = J+?-..
> SN PN ey

=3 [Mouvaay

B e

_.

(]

N I

T

Z ON “.uU_

!
/e §)

J
,f_'!'.:““?ﬂ1
M |

4

(o SR BK s
| O
< NF
+=
) (| O
L5 G R b
—e

.

a

t

(nwﬂt nwﬂ-‘\.,
B
R
2 P
SSAL RSEIEs
~ b~
Es A AN

(% I
0
B o Vg ]

| N

=g f

| ¥
N )

o

1

| N

—4_ ZOFPZH

, fm_Z_ﬁc._A

~|v| e
Plekeez92) €
= ‘»‘uliw«.z . e
Y7 ~=x I 'Y 1 e
371 235°C j 2LC !;L

‘ . B
rloro ) f192:8) s

. A
W FISIST]

TON'014 Ed

e | SR——




8 : e S
(2

B B AR

N 3934 ZoN
.wlli.d‘ —_— = —— === e P e e e R il SIS — ... .H.L.Qur‘ﬁ e e v
A h 03] NO LNZLTn] T 0AlTaR 12 are tJo>ﬂ Sq170S one 000G ava 5 | zonorsfouiol
= R . B | S S e Dol Neatstyl St mee s o = s ==msgeres
i f ﬂomn md: sz.u .\ruq_. _N_n“ ' { TQDSE .Kﬁ..ﬂf ..“_wm " 4c | VW w d TN AT 1ed [ VA QIdd =43 184 MV O\o THN O&Z.
— + C S S llﬁdr‘*\r == == —fpocccuge e g T S e = e — = T clJW.rf =3
Rl a3 =s{cs| 2 51 se|ezdso]| 0 ] & |5 [Ls fose; 526 | 2 | iS |12 lee|9s|zsi] g 331 "I
MY s o st ot =T =% T3 BRE BTN T H DOV T TR DU U ) e i v ! "t P * s
i k mmmw.m..m,, Cx| P¢( | & wr_ﬂop.m &9 S| ! L {SSI0UT|958 | G |98 wu_m@.n.\%d,w 92| 0ze _0.u.\.._%~. |
- it I - - -(AF‘ vi._|A.104\H —————e— - . )l —_ v'l'\'ﬂndﬁ..jl.:#l:vxl p————— et — — S : | P ..W
i k 26 b:5 12 12 6 ﬁJQNA‘ GG LI f | €2 | gclogs|oos]| @ [cz o ..,mn*_muwﬁl oz | _ GTN._M% _
BLY PP T PR e e o : % e s o) b* R Wt ST ERy B g
| S>5GPLYO0S |99 | L Li|29Z ] L& {2 0= == = 10912 it st bt L2 KN Ba.u_uo_d. L 9tpl}
NN b b - | m - 4 - - hlv - — - - b — — (..” . - - ——————— l.*].: + thll.Mll!l
Pyt BS9-8.Ci3l 1's L2 LI dz ez es| 1z — — | —}]2'cZ|.y0c | — = l,mumfmwﬂw..w._oouu“ O@m._m o
I T R T I IRTT T T 2 e e v g o, ot vt S I B oty Lo .
“.. VIS99 5082 (458 N 8l | P Nﬂ.N: ) WN T = —— 1O PZ mrr & -~ 2 Vd.ﬂmMV@bdé .(ﬂ_‘w &eS2e g .4 xtm
'3 . SN Besr RN BT T = N e ] AN oomnecrs P N R
i S2-6(12°8) §'3| O ! 121782 &9 mw”.ll B (et (974l o), 8 L2y anmmh&m_..wmwvuab_w 902! § " ‘BLlIS
RN e * g EX S SR S R s e S - P SR = I,A llllll SRR ep— = w.y“l\ SRS 5 e I S =
i ‘wmr_m ErglzZ¢lae9 _@._‘_m._w NNN w,mwﬁ _.\wm e Z e ee] L8 5CZ {3 7= YA ﬂ.hmrm nm.__ﬁ.. 2 |¢ ui:.mw_ et | L78 ; t7Ll'7 | Ot O/
- — ————— - — e e R -3 -3 ~4 ‘nk — — - —— s - ety v 3o —— .‘J.‘;d.‘.').JK'
I
m
B
mm
?Ic«w' q lwlll.jy»J}Aq ..”.u “!o \”0175 = . “.M.d'"“h “ﬂnﬁ.h”!}.hhﬁ‘%}.ﬂ—nlﬂuu nu\.)dlh.MI\wluﬁnﬂlx', «\u.. l'.l‘ﬂlhh olh’nkll)” .!”\l‘x.h_. w”tl"hv“\\y) 01!!'«,, ».1)A e ltn' . llxl’l.i.ﬂhl = -
g I8 HoLcis z|s PitpQz otz el s LilL® |02 L3 uqt. VICI| B SIPIS 826 L' S P! Silieey] €211 § pL1] OL [ D/
1 — — cu - — : —— ~— . —< F — = = Ib|+ S — = e g = e S - =3 C
A IS FlCogloz| b LY s NmN.,h L9 | CZ | — | — Sonn )_hi BZIl| € | PSSl lelTs oL |Lpi | eb] O i 2ibZlele| 8
| g e e Choe SRS o e e E——— it e — — T e e R | s 1
1 ¢ flaploocioZ| Lblei oz SZY v | B | — | — = ov..m PR nmévm PS |22 |98 [COLIBSP|On!'t | S&p2lios 1®
—— - = v"ATl o e e e WL IR SR S mw . Snu i i 4
¢ fLs-ble8GH5zIS' P!} osiscz| an WV} — | — | —1loeszZ|zeo | — | — IM"Nm.NM 4! :\.Ir)v. ORI fO552 Ohmu,_
! cTh] - 5 . —c = - R | SR PTG (RS TSN R B GEER) G | o
o A il et SR OSN3 50 | = et S jec el jorssivoi| Zi {19 fior ) e o | 28 r,ou“_ ab| Qi2'1]9£92]69139.-
! Z no.v 0S92 P.. Q- ZZ | erz Yy = =] Sk | ae Obr e B o . —— S, ..'l...tti TESEAOEER | EEIBE. GRS (T
b Z gseric?ollgzios | an vzlevrleal o b o1 —H— il £ 0IGN BB T 521 9€ 73 o3| ﬂNN,DV LIRS g91i¢ -
T i - Sl = < |Gt < i T — " Bl . b { |
Zgesvloosls s foc [ oo forct =248 € [ & | e Joggp 4 S s
e [, 1
el 4
-l
: Lol

1014074




o
gk Q5-0
= -l\ o L2
: L ION = ¢anl QOW =1 XON44V NIVINIVW
e YWMOL ZON {ion ===
3 ; aA i {ion Smam =
- : avad) 2 135321 1TVl
\rd ' ==
L JNOLvsIV] NOIINSLIH|'CY 0A]CIT — = e ) ZON NI=
| ——— : : i 1SATC Iy 'Sne 1102 e
| v-oN w_I wnul 43V iHd D?S ﬂ“l.‘.n iR Ii..,i..:,..._ MASH SIS _
ol | L 1so¢| 10l 6sl6z |22 WAL R W ST o R N P R,
Unem P aljezles |2z [ L7 605 €6 O2 e B Had &-H g | MY B{ TR
.,!; 1359-6/56¢ ﬁ;w}:fli,;_,“_f,u_..q L2 dccz 22| © | oo | g2 - =]
G - M“ Y o,,nuw.”i.t 1271 £ ‘K..\\+\|¢“ ||||| e t‘.w‘.. P29 | & _un_,)\w__ ~
-l 159-£i01 Yoot o | - fm(u_ pZi— | — | —10o¢ S, LA Sl W Sk
o Bl g¢selzlicziez]y = Ty N . o B B | Zv |60l oe
¥ 139-Cl1v01] | Endod! Bhat Runick ik« § ¢ |0s vw,un-‘ou_o.«g,w preeca | N
m P ..z-fT-lTu:Wrx%ﬂ:aqv |8V F3 | .,,Qﬂ-.hwt\‘ S Pl c0i| & JC% 2714 L6
| 1] §05-6{Q011} 7 b7l e loorl oo Rt PR S biijcbes gz | 1| stilez ]
@ EaN da ol oY R e i 65 |scv] R4 ey g ! | £, 828§ 1| ST EIE 166
(] lg9-6166'CiHl Z'D B8 AP Weapell |— |—lgoez|Ssg901]| O e S
EIRET 1S6CH| Z 0] G2 | b \Jx.)).;w )-ﬁ ———t BT Dot 15201 Ol | @7 |cs § 6€
) H | '} s T2z M ¢~ ol 7] mn: PSSR (R ] i e r#l 5 [ lx_..\ 4 ] =
;h@m‘j\‘. el mio | o * —— Sl o | — 109721057 ¢ I e
S sl bl 2! ¢l ies lsebltse Iﬁ‘t-lf!llw.\r._\...r:Jo M W
1 Mi=g E n';l*ﬂ.“*»uiuﬁﬁi& o _ﬂ i 97 NN “.l K e S it i T VSIS _q.\ f., “ <
js2-e wolfLeg] L |ezfe ] g 1 v I e cv22[2 10| 6 lov it | 5
AN < fobt |72 RN T PO AT it
o AEkE Lof ol ”i:mmk g9 0PI HOGY | HO S Pl Tov racoms e
S —= " ,J‘n‘ulf.‘ AN M v [ ~ 120 n. w, | A
—— Ulh%wl\ul. = <l|.|u:k...“u\‘|.
’ T !n”ﬂ\?! xxxxx 2 .
B O B I
S oA Y T P B S e CE T
% ¢ | . i | —_— — = s T L ,_ ! :.,.,_ .)NJ,_1 )., T e e
M m«ll?m>v—vmﬁﬂ ‘ _hi.HHN.W \MN 15c -M.Jr“ |H‘LW\||L(IW:.*. .,|W.Nvm.| “w«lﬂu o | \MF_ x,NOuM CCI e R
ol 7z ip P | ! : B ded P - R R, I PTRSR  RY Sl T § Bl
R} T jo0kCrioz 92 b e ey g Sfwr ot ey MERLT Tbs |LL oc!
vl z .u; vwmv o LB 6% B0 L LK B — 1 op nu.fl.i;_i.tww.w».m_
c 0z 2% ¥} szlislcl! @ ﬂle?««-lrx iozk | 1 ]2i |9b f€
p1| ¥5 aic] 16 m.,..‘l...ﬂt.-iTILu.w.ﬁwE | #5908 ;78
el Q I (= T~ o~ ST T, S -
zl1fozle < g e nee o8 Raat AL pooll Lzl lezsl <E | ¢
| > 0 SIELE e —— 4 e B _ —+————1 \|Ree| =6 Q2 ¥
L 2 Le-bi9 t | i Zzlass 4 Bt ) RN A (ERE - “I1 L
® e =X - oL -G ex 1 ' - .
Benr o e O K PRy J 2L (72196 18291 007 .
s o 4uw<r,0;,7h Ha s O.,W.w%nm‘my‘ | | ,wo‘ym. PI% oane b . «9.;_ "2 00 r
e =43 . | { i o . 3 -~ |
e e CEL T Ry ) ey e 196 72 {01190 ¢5loge! _
”ll‘.t/tﬂfvo 0% 1 = : PR B = 1LY il »y 0681 .«,\C_DN 3N I x
— Q. 1 o g ) 16 ! . e e 2L | |
o 4 =l : > FlovSiical 10-
. p-o—= == ] _
o\ Jﬂ.»n ; &
0 .LL Qgi ‘0!
— grE k. »-.!rm_.o OW
o | '
{ von oLl g
B R R e IS




| . w 1 : nqﬂ ——— -

2 CTT) 2 on
4 — T T e 2T —— e S — - T T ST T S S N T T S T T DAl T TN TR e e e e g —— =5
noutw noiinaianfca Toafsinosiac] e Lioa] <30S cnc | '\ao0@Avac % 7N O u—ofs avil o
— e e e ettt e e el i it e ~— <y~ e $ ————— - e s e e >~ — e ——— = — ?b\
\ aooﬂ_nar a_ﬁ.;dmn &uro\, .a.w,z .m.a ,.:z 133] VWl ‘S d| T Emh A | ANV R Q3R EEEY &aﬁzam o\o J.fooz 4. | AYC
= S, —— ||.{|4 - - T‘,HUM.. ———— ———— S —a - - S b == === — peTe T —— = S —- el S A& hlhi,l- —— — — —
N 03-€l Qe | 9o m_ Tﬁu LoVl 29 | G 77| L §2CCE | ote 01 | SQI m\m__\_,,)ll;ll.IWI, rAd el wal U o §141-L
d ook 45 Sl Mo 8 ek Bl ARl bt Mol B Bl d e e i e K. L BN 25
u Now.m 00 @s| S| 17| CC]I6T G| 91|17 | Ep 087 CFZI[S 3 \,,‘;mo_*i.r BIOLI} 2p 9211} X | Z I8
- o ST PO NS D B o st D — = S RS S S SHER [ | Pt 1 |
of Y Joog[sviozles|oifsz|iec]ca| o] z [73 [6=1fcstz] voa| 7 [eci]isz] 6c | o9 8o £01] 2| cign T e
- e P e T e e g e e B T Ht P —
G N/ C3Q[ISEES 2| 7L ow, LS nhnﬁmﬂ Hl—i—-|—-——]cz3 VJ“;MN 0}®} ,ujmm,o_m .hO_ ,\«.. _ il mow
| - —e e L e H , ! : B e e o
% Co6l g6 LE|ZL N: Le|2Th NNﬁ.NM (B Sl — 19872 G| & Le N‘wjmm.wtnww_ ﬂm Zb ] mw«_ . o wa
g ke g E A Dk keIl o e e - ERLLEE LA EEI A ECTT R 1
i/ 0-BISOII OV 9'LICZY OviCZV} 02 |. 21— ]| —|—=]0 91|96e | S | 1S |LS 1¢c ! 2@ | m: ,Ntiof - A 1
: por———t— 4 ﬁf - qxﬁl, - - | ~ | PRSI AR BT Mgt CRTOLRES) Lo SEER T ﬁ IELNtB«_Il
W 09-¢{CsP 9|9 | 0z] pe|SZV] C\ L et & ol e U.Nﬂ\i 09l | —|—| 024 2€ {26 ;0L 'S0 _:.qx.,q”,cﬂﬁ_ i f€C
: . e g e Ly | P el i IRCOECCL, (S S \_rb S i P (O ocode o § .. T~ andyﬁklnl
4 ..nolmllmw»m ,o‘wlm €207 ¢.m:.nu.v0v. bZh| 821 ST m.mu_ LE n.@N rﬂo_ LS m _mﬁ;‘r.zxummv.m _r..m‘r_\q.._mq.»\ Onz_ummﬂrﬂmmiw.m\é.
e = e el = L —— Seu, A ul B Jm,
ml
Il
. | OSR]I (PR, R TR P e PSR TIION R Mea Speiely JISRcU Wi (LN WpeTIR R SRy Gtens el RAEL Bl leleiin Rowery il
- Z bleeel 8! ,Lmvr. 12374 kW _.nwm.:h.ﬂ U.Fuvu Le JLE'R| 29 (€21 | L8 [SONLSE[ VT |9101] LPI1{SLS|SCDIS82 2||co [N
il oz ftoanv|Z1E) 81 TO.mA*vN._" d Coii9'ps U)r,n._;wmnmw €L |7
izl Z [oo vlope] Q7] S5 b ] ¢iidils 109y ) le7o7l 21 Y27 -
.ﬂ;. &! - -
2| - el oenl
MMW Z ooy QQV gl IWFWF,‘P. M
oll _Z foorw lee ] @1 os| ¢
gl AR
,A,M’uf Co_‘cmo‘) »1]o9Z2| o
,-.run 2 ﬁOO— V#,\d— V < ‘WW 7W:r1‘,i
=l _vm N;
E TN sy e

NOIiNT 3w




FE—maeemcms -

M “H-,,.....,\,A._‘.v-i

. ‘
: : BIEVINSY
:
(40 av3d) ZON
S RS T AT SN E T Ja:. TR SO L ae sl o ST = S S SRR P _TIIRR _ —_ _ ___I_ _ —— \. ——— 2 —— =cser—= ——
v 4_._ NO!ANTIIN | an 10A | SG0e 136 g ‘SNS 2110A] [ a _@ ava s | zonotsfnysofay <
—— . = —— — — - e e B e .,il..-””;lﬂqy S SN e = =SS = -~ ?V\
L?_.am /s | oszﬁdi TN mp g |mvnl Sy | 347 443 "3d | MY °/f ow.Srrouz do | A
- = e oY = isp  Sorogosooc—gomTs—T B S e = e s —— e o e — = o
zzlss{i1Gsf 7z njos| 1p|2v2ioST t.,.m, COIICSZE vS | WY W | o [P
S By v P WYY S S e T By PR Gt S en S PG o g
gl gLy LV N O] 219t | O _ﬁ,;x _.i,,vn? 2N} L wm,.rmw
| T | N + T “ ! ‘ —_— .3. - e
lszleliesh 2] s1j— | =] ~—— 1 Ot i 9G WNO ZO! »3_._ 76| £0'1 w 4 » [S7
R g e e ey pe G v & e e
1ZZ]ss ipLefoz| © T.L (3]09 Jcooz | ve 07 _@N:r SRR IR B 144
A , . .r v e i o S e e
reiobl sl gel M — | ——izgz 09 | O |D ig7
B Bkl Wil (-0 DR 008 — 1 . .*m,.w,[cti‘lﬁx,l«wfmu‘ M 0 R D v
(pejovilizy SZ1 QY el e JOT22 101 1100 s |ss ! ps, p9!28 ”m,&iwwinnm.m P maf\&
SRS SeerE.e D | EMWMGI: GEiuty e Cet o) s Foned B R — s I TACINEE POl e e SRRSO PR I‘tllg»,lll.ﬁll
FRE. I | (b2 0% Sifoz | b €51 0PSZ | 9CLIi92 (27 |7osiec| €vize .54 sz mnm | .om
i’g B VJ\LJ‘I === er‘uw:‘ w - —_— < = A - R __ . ,. +

oLy 97} mhm.mx?.m Zicziles | +¢ [oviisorz! gsoilss | ey [ e1zlexc! 19]ce | Lot tlmmo nEL o |

e e ry.“cwlw.rq'ilrn.”l”ﬁwﬂ = et o o = = N i SR SO Luuﬂkl«i».« S, ST ¢ SR S |

B

Jd_.ﬁu“ E— Tad]

il Nouna gy

e e

[ [P pimmon puy o
w S| OePI IS Z] €L BN
==3 - . - X e s
_. 2l jeso2icre | 5 s
w : G Dy e
' 8S 1Z3C L ILZE 2] 8L ez
i T e Pt R
| g5 | 9svi ] LisE] 7o 9z
wP _

O O¢C | ol Ne L)Yy

f:yﬁ Qoo 7 SL L2

\ﬁ ow_ ~

\_ooi

JON 014

074104




: w (ool - SRR LT Ol Rt S A [~ Lot A AT A SR L o 50 B B et
1 o uy) 2 oN

NOINE3V| NO'INilad['s¥iorjcnoeiad S 1noa] ~  Sdiios Sn¢ | ‘0@ Avag |zoNols .%;zwl, i o
N N R S P T B R e S EE I A R R n~ S
orolsa) xzfoo| vz fecfess zz] 2t f—|—[—[owss| 23] g [#9 [scz MW‘*TIH. — i e7]|om0) -g..wm g“n-n
QL9lShiLtz | 1l-los | v2892°  Sb | 20 {' @ |0z | LS |O07L |Qkaz| ® |02 v1ilG8 mf 9; Lyl ez Sa,ﬂ__ Wr nw.-: e
ocolsijos [tefes|islssef | L | o lcs [gs Jooww[oteifsz| Lifivtes m.m&mmol,m.w wmm.o.m;-mnm __,ﬂ
oLofeof 05| 9L iSSP sor ot [ L |— |——|—j0Lzp | B9S!]| 9|19 v@ao.n RN Momemmﬂ 30l wwwnl.
o008 [GL|LUSh1p Lz $V ] L |—|—[——||0%2|Obpi} L1| SE|PE 148 2% [ 8b ot 1 67 j et :wtwlmwl
Jo-2(s¢€l g5 {6L h_m.:svwirw Nt_i_rlhu MIMJ,IH.AW ohe |89% | € | 92 m.».aﬂm CRACE m_;.L rm.lr«m;tmr. ) w‘\.u!l,
QL 2R LY 9'E |59 muw& bz 2 nwﬂmnw‘ _,Fe_m.-emm_dm vozZl| Z | U |05 @mﬁmq.oiﬁ .Nniwmmlr.ﬁ.mm,mmnﬁ.:..hwgﬁmll
_ fogis0/jos oL jLosles pazeal S REC|TIZ{L9 {L50Y mm_rmuw!!ﬁ 11]806) £¢ |Supi9'0L; BZ] 12 Ly \,mw,n_.\..mmmmm
B
N i ot W S s W e o s 2 R e P e A b PR i P
S loorvlyref os| vz | 21 s ocs] 9 | 9 | 0152 |16 Joove|zbe | Sl | <L Jos\ |ew (58 |v8 |08 71055 1icaizys0]e -
oL N~ o.,o_.v 28] v oz vl fzsishey 2| © f—|—|——fospkz|959 | L |SL |SL jze |9 @o_wn._LN.h ..o._w_l_ﬂ.mw»wmw:n.l..
mm oQib|ILE] bs |87 ) 71 f2g [ovsTfoz| ¢ 1—|—|—]oz0k 8 | € LS |$6 |78 |9C |96 *nwlm 2L, 0L, SIS N,,.wn. w.w...,
gl S qoovbileeics | 82 118 SrEl ol v | 2)8b €5 09IS|poC | 1|26 [ ¥6 |$6 |08 [P0 1|091) ZL . 08L LIHZEBS IS
Mr M..MM”UV n.o..m N\,M Lz _.._ agicksl € i e ta o 082 | v711 o1 m.va..‘v f:l-.f-.nl.fﬂ%.l..?.i;-.lo-”r.|. - -m 52
S oy paa e Sl IR T N S P leefomslzza v lon 1o %n,nm P 108 _ﬁ GIQWIRST89
Wddl - T‘“??l B e e 1 o~ ;J. A T A% ES ] RO
. sH .,mz 333 H ﬂa om_mn TINMHJIO.\.I.‘M”H.%TMM m%é@q ./l..lmlrm. -Nf\uom.w“vlvnmi_lw
S MRy ) o el S LR Y
M 13 e iR g sms

l % GO, QoW 4, | O
> .i.-.lx o ]
ﬁozo L.z?k Gl AW




3

W.M..Ilu?.x n,a_\wg )\OJLJJQI.U.F ™M cCcH1 <L 3Ng .l\iaq_\/. um

Vo OC-9-8 1SN R0t A S XOHAIY VS MR LY 18 Em
(¢ Qv 3d) 2 ON .

1 - — B S PR S - P et e | T D s LR BRI 3 T ASOE AT El# oo == % -
" s . 3 : o T : S :
T Inowsssd ~noinaisa]saon] sawsaad s troA] . eaiiog enc caAvac | zoNo4toud tofanal on
= == ==y a—=wzox S e === = e L e — -~ S
NO © = P _A e " ; r 5 2
IT5eoToun [ =2v] 1ad] . | Qo] < o] VW] 233]ed] v © 8] ] 243 1% Y &ujxa mli s faowiaon] 4]
b~ - S R - e B ‘”(.ATllnxl.vw _— = = $ - —— .ou'.YJv s=o== == W'sv,il == e
ey /\ QUL IR TS DR COF 1ES€] CC | L Jv]—=]==R00ur I Eisl] | 1 95 {58 hr: Z \:.mm:,mmhum. <, LG
Iel] + —_——t— - — - —f— — SRR | RS R A et T R >
pi\jcolpriforiae |sbfsp|eszpol]| L] Vo0 b3 JOTEZ| 751 2 | b JOE | &G | b7 Sw 1czivzs)l T | 248
U A_ e et e — g — L — — @} ——— 4 - — Y- — - —— Y- — —o — —— = 8 —_—t —d— ’ l_w‘.i\. L ——
ﬂ., .m SLe|ev QP os| TS iovzl =1 | B A, ] (e CzLZ|2=2 | sP | Q5 |50Z) vC [POI|ch «mc;,vN pt ,Fv_.: i e
m“ ! — 1 —+ ST | '-J‘J‘ SN DR ¥ R 4 t -*,1|||t.u,.[l|H
=L JeLeisetp Sl 12 josfez|oer] 2l 8 L 1Tp |97 fChCliel ] 1 |25 |97If 7€ | Zel| G bl mtl.; ; 347
-+ SR S —_—t -1 — -— - — et e ——— g - - —— - - — et - s P ol ST
N fsesiseef isiro (st eslse] o] 2 | —|—|-—fczes|zzzi] 1 [ o ]ee {0 ! A P ol
4 ' ——te — — yl‘A USSR IS ST - 3 < -
f M SLE9EY S L: 221G mm@ o 8 IR Eo it e Qgab|szsl|S 2| Zr | 1€
| L . - Bt CHEE TR skl Doutaris, Baob@t Mkt "
| /ﬁ.wmhmwlﬂ —|l—1lssjicsrjez| 2| — ] |07 [[23€2]pc — s L
\ — i A (e = S SPLTSS e e S .y'.?””r“ﬂh“l%.“l.fdi“ﬂ”ﬂ“ _— — = ——
/ ).m%@_lm.l PLIZG Joes|e8l 21896 |97 1P |C2 i A ufon b o
= SN SNBSS © PUST PSSR T S Sepernensy Saepe = L = : = = = - Pt =S S S
=== = .hwnUF\JT e~ T R .uF‘JFIH A e T e T Il.r‘a\‘ e S
ﬁ _qm Tsvmn“l_“ ezl 2t fezclocslevel ve |l © fgot] 1L Joezz 51 G ?ia
—T == —— - = = e —— -
% e;.JD.v.r;, TR B Wk~ Q' il
o\ ! % g * [l X M ad s
w1u.~1 m v V N_ vrl;ﬁrlx M M.f h“ | ..y..l.‘x
E = [Por-p _mw_' SELR R
mhlni oC mymmm LRSS R D
- cz|z 12
: s Eal L
T‘F.N T los
P i e
EEN T DA
NOILNI anl s
3134 ] S oA
" l.vf.l,l”’l.




f ——— e —

CS-P1-Q I 'OWN HOIGIAHL ACTS 9% CC! TR E]
[ah Gvad) ZoN
e - r . F e r ] leewmiunlvaor
; anw S¥h dzmﬁdmn Tdf /4 [QOW]SH| IN] 343 _._auhb.%aﬁ ,.‘m.uﬂl.,..,.z_,.,_ EEE! ,Emﬁs& LELYARE w+_xaﬁwh<u,ro\x "‘TIN ‘AIN HWM%
a b

|

#
=
| m i
-4
| z \

|
i
I
)

et
o
b -
4—- ‘.ﬁ

|

BEX S SO, N, 2.

P |
e s (CRNS
W—JL—s—i}-

O e S T Lri

|
!
I
- B S
H——t—t11—
- —— j ¢lql‘r.du,11|.w!|mv|‘|wnw‘ll.lyn .._h?y l.r\l}lv'l‘F ‘.ILI — |'Ix—|.\|.~| F'l “6%..

|

|

|
|

1, e T = — o ——— — ——
ﬂww_nwotv:n.n__.m S 7 :vam Qw gwmﬁ. ww 2529 mumw%
> »:P\‘ — s s i Pt ) B0 - kel
" . 5 N S G e e RO
Aw;%vo\.m pEL L _NN“,Nm_ 5% G _\- - | — 1 G595 |
e i Erl e Tl e S
7 ~ 1 . ~~ et |
m“.ﬁ loo vlosel oz | ez ez s [rasfco] 11 ] k-l — 259/
. 4y —_— —_————— e — b —— g ~&
ol me T | g TR - w
5 |y [yELE pEIS e ye 28|98 0C | Cf ~ | == 10392
A | s e g e e | S iy St e i P e ﬁl;ll
\w m P G0y, MNn. m& ,N.!,.L Z N_ RS r\.,,a.w.r Ao I8 W e Gl B o3%) M
= il 5% jjeo-y )NmJ cs z I |rams 3 e +|.!v+fl.w .
e h | A viLiogli.0.621
.rAv{h\m D’Onfﬁ 60E| vz g —— H s S “_
[ S'si-pieozf po)
Waa | noa e

QI TOW]
— | ¢ | ronors .OE@_.




- Vil i or: - e



L5

.8

A

z
Z

1

'

' ——

R 2]

[.

-8

AL s

|

4.3
3.0

="

|

b e e e

o4

|

|
!O~l=
1

(=3
o

9

a

<
=N
>

s -

=
1

|

'|

&

'

i
—f e e

—_—

.

- — 4 -

+

9

-
i

e -4:——7? B ik ahh e S

a

\.

= -4

1.5

B

z.a

e

O.6 .

e e — - — i

[
3

gt
)

o
.

.G

2
e S

-
vl

\.

e
i

+

~

.8

{

6.2

1

Qe

1.5

—

[ G

o

i

R Y ST

[pw

i
'




L6

¢ SETSTEILIITTIETT ST ST

[
L

VY

i N PR A I SO IR A

Sl s S b
..JT-qW.OIﬂu O“,M{a-i:) : nadl.r. : ._ J_M-l._ﬁ} ”P : | H
6__,__.m_wa_n__z_:_ ||11o

2.2

Lo _+_2.
by 2
&

N

=1

S OLVED CXYGEMN B2 m]

~ s

-1

Ne g

£
Ry =t
rr.__d. Ny .”2 —_ R
oy o/ .= R e T T oy |
1 — i 1 “ 1
o] ol ol 1ol ol 1 ]9 _ RREE B
b et s = e | oy
o + s T SR G R S TN it SO S O
Aol _ ol 1O Tty [Nt O [ YN N . !u_uJ.nJ
il Sl s EE Ha Tt T T 2 B el | Rl
- W + BN . L
v S R P P U I PY IR IR TR IR PN PR I POV IR REERERER.
. _.;.T___n.EL_:‘.__‘_W_,_m___:o EERRER
T IREERN e
& *a.b“m_n:_Jé_,“s_o__7_M I R Ll ] B
z SR e = olojF || G660 | | L
" ! t t A S ¢ - + + Heo e e g
i Nol o] o Ll a9 NN I I
7 S AN T e T TR CH R R
2 i bt N T RN I R
3 (Gh] .,Sfx of, |0 Mo MQ ¢+ ) - N m | | !
3 z _,...,,,__z._%_“z.ﬂi.,_,;_u:_;;::.o |
A= —EER BES rHh ahag Rt ..._l. s -uu..l .qw.n«.,,l POk — RSP sz ] - -
£ melel ol o e M_,_fw“a& 3 .mﬂmu el T
y Qo] F ] e ST
...u .A ﬁL-Rtv Py P .L‘Ig!\.r.TL * lll/ 0 _r.;lu 1ol vanL“ R L

(et




GRAPHS

L7



FIGURE 1

COMPARISON OF
HOURS OF RETENTION
TO REMOVE 1000# B. 0, D,
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FIGURE 2

COMPARISON OF
HOURS RETENTION WITH MIXED LIQUOR
SETTLING RATE FOR A 30 MINUTE
SETTLING RATE
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FIGURE 3

COMPARISON OF
HOURS RETENTION FOR PERCENT
B. 0. D. REMOVAL (Pri. to FINAL Eff.)
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FIGURE 4

KILOWATT HOURS OUTPUT PER
1000# of B. 0. D. Removed
(Pri. to FINAL Eff.)
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FIGURE 5

KILOWATT HOURS OUTPUT PER
1000# B. 0. D. REMOVED COMPARED WITH
PRIMARY B. 0. D.
(MEASURED IN PARTS PER MILLION)
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FIGURE 6

COMPARISON OF
SETTLING RATE OF MIXED LIQUOR SOLIDS
WITH SUSPENDED SOLIDS IN MIXED LIQUOR
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FIGURE 7

COMPARISON OF
SETTLING RATE OF RETURN SLUDGE
WITH SUSPENDED SOLIDS IN RETURN SLUDGE
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DISCUSSION OF CURVES

As was stated earlier, the problem to be investi-
gated was the effect of use of iron in the activated
sludge process. It was expected that this would result
in increase in resulting plant capacity by reducing
the detentlon time required in the aeration tanks and
by the reduction cf the amount of air required. The
curves resulting from the date kept during the summer
prove the success of the experiment.

The first comparison in Fig. 1 page 50 is that of
hours of retention with one thousand pounds of B. 0. D.
removed from the primary effluent to the final effluent.
The striking difference definitely establishes the prime
purpose of our experiment.

B. 0. D. removal in 1000 1lbs. units =

(Mil. Gal. per Day) x 8.34 x (B. 0. D. Prim. Eff. - B. C. D.
Fingl Effluent)

1000

Hours Retention in Aeration Tank = Tank Volume in Gals.
Sewage Flow £ Return
Sludge in G. P. M.

Figure 1 shows the B. O. D. removsl for No. 2 side ranges
from 240 pounds to 1,240 1lbe. with seration time of ap-

proximately seven hours. Figure 1 also shows the B. 0. D,

24
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removal for No. 2 side (iron waste liquor used) ranges
from 800 pounds to 1,330 lbs. with an approximate three
hour average retention.

Curve No. 1 of Fig. 1 is shown as a straight line.
The three points "O" gbove snd to the right occurred at
the beginning of the "run" when the build up of iron
was taking place. Comparison of curves 1 and 2 of
figure 1 gives the most obvious picture as to what
actually happened.

Other comparisons help to support the picture given
in Figure No. 1. From the curves shown on Figure No., 2
page 52 it can be seen that the solids in the mixed liquor
settle at a much higher rate in No. 1 side than the
solids in the mixed liquor in the No. 2 slide. Note also
the retention periods. Here again the average retention
for No. 1 side is aspproximately three and one-half hours.

Mixed liquor settlesble sollds are measured at the
East Lansing plant by taking a 1,000 milliliter sample
and letting 1t settle for a period of thirty minutes.
The answer for settling then i1s milliliters per liter
and the range for the No. 1 side is lower than that of
the No. 2 side, resulting in a much greater compactness.

This would bear out theories of others as given in

the section on theory. The iron with 1ts positive charges
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is attracted by the colloldal sewage psrticles which are
negatively charged. This comblnation of negatively and
positively charged particles forms heavier particles which
in turn tend to "drasg down" other suspended materisls
along in its descent. If more time was avallgble to
experiment so as to dry different amounts of iron and
different flows a point of maximum.efficiency could be
found. From the results obtained, i1t may be concluded
that the iron definitely increases the settling rate.

As a comparison to the curves of Figure No. 2, =
comparison was made in Figure 3, page Sh, of the reten-
tion in the seratlon tank and the per cent reduction in
B. O. D. from primary to final effluent. The results
revealed what happened at the beginning of the "run"
while the iron was being built up. Generally, after
the first three points on the No. 1 curve, you can de-
tect almost a straight line varietion occurring. The
difference in the retention periods remains about the
occurring. The difference in the retentlon perilods
remaing about the same as that on the curves of Figure
2. It is interesting to note that the per cent of re-
duction for No. 1 side did not go below 90%. The
addition of iron then in beneficlal. This also indi-
cates that the acid did not "shock" the plant. In

order to get such a good B. O. D. reduction it was
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necessary to have good efficlency in the bioiogical status
of the plant also. If the bacteria had been killed by
the acid, the plant could not operate on an iron injec-
tion alone.

The last three curve sheets tend to bear out the
fact that an equally efficient system can be operated
with a much lower retention period using iron.

One might think then that the power costs on the
" aeration would be lower. Glancing at the data sheets,
it might seem that way, too, but this 1s not so. When
1t came time to figure actual KWH output per thousand
pounds of B. O. D. removed, it was found that the output
was nearly the same. Noting this factor on Figure 4,
page 56, one can readily wee that the KWH-output is not
nearly as divergent as with other factors brought up
in previous curve sheets. The data sheets tend to be a
little mislesding. The power factor output for the
motors on the No. 1 side is 4.3 KW while on the No. 2
slde 1t 1s only 3.0 KW. It looked promising to see only
four serators in operation on No. 1 side against 9
aerators on the No. 2 side. After multiplying the number
of aerators by thelr power factor and then the per cent
on, the difference was not nearly as great as expected.
The points are spread out over a wide range so averages

had to be taken to get the straight line shown. It would
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be much more conclusive and a better curve could be ob-
tained by running the experiment a much longer period of
time. The points shown are weekly averages whereas most
normal sewage plant aversges are monthly ones.

It would take many months to get a true picture of
the KWH comparison. Another means of comparison for
KWH output was calculated, but here agein, the spread
of points is a little confusing. The curve for No. 2
side in Figure 5, page 57, 1s falrly consistent, so when
drawlng the curve for No. 1 side, 1t was assumed the curve
to run in approximately the same direction. This cannot
be verifled; it 1s only an assumption, and it 1s felt
that much further study would have to be made before any
definite conclusions could be made.

If the above curves were falrly accurate, and the
KWH output is nearly the same, the added cost of hauling
the pickle liquor, storing, and feeding 1t into the
system would tend to make the total cost the same.

On Figure 6, page 59, the mixed liquor settable
golids was compared with the suspended solids in the
mixed liquor to see if there was any definite relation-
ship. Noting that the No. 1 has almost a straight line
relationship, whereas the No. 2 side shows a rather
different picture. The definite change of slope in No. 2

side would indicate a floc that is much more "fluffy."
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The straight line varlation of No. 1 side indicates that
the iron has a definite effect on the settling qualities
of the mixed liquor. This would indicate that the addi-
tion of iron would mske the plant operation more stable
and would tend to eliminate the problem of changing the
amount of return sludge and wastage to a certaln degree.
A longer period of experimentation should be carried out
to fully varify the previous statement.

After comparing the mixed liquor settable and sus-
pended solids, a comparison of the return sludge settable
and suspended solids might help confirm those comparisons
made with mixed liquor suspended and settable solids,
Figure 7, page 61. The No. 2 side curve tends to be
fairly accurate, but because of the great divergence of
points on the No, 1 side curve, it had to be estimated
to a great extent., If the uppermost point on the left
for curve No. 1 side had been eliminated, it would have
changed the characteristics a great deal. More study and
longer experimentation would tend to clarify this situa-

tion.
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SUMMARY

Summarizing the results of the data collected, it
wes found that the addition of pickle liquor did:
(1) increase the settling rate of suspended solids
(2) not affect the bilologicel status of the acti-
vated sludge due to its acid content (pH was
always above 7.0)
(3) decrease the KWH output cost slightly
Parte (1) and (2) were proved definitely. More time and
study would be required on part (3). I do not think the
curveg dealing with the KWH output of the aerators give
a clear picture of what has happened.
Looking at the results from a practical viewpoint,
1t would seem that the use of pickle liquor would be a
profitable venture in either
(1) the building of a new sewage treatment plant
with approximately half the required tank
capacity of an activated sludge plant.
(2) the increasing of the capacity of an existing
plant without increasing the tank capacity.
During the nine weeks which the experiment was
run, only the basic theories mentioned above were proved.
The limited time this experiment was run bears out the
fact that further investigation over longer period of
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time would be to the best interests of everyone con-
cerned. I sincerely hope that whatever construceive
knowledge that has been imparted willl be of some value
to those who may again be confronted with the problem
of further experiment, design, and construction of treat-

ment plants.
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