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Abstract:

The initial effluent from a granular media filter after a backwash is of higher turbidity than the effluent
later in the filter run. Various theories have been put forward to explain this phenomenon, known as’
"filter ripening", and to determine the source of these higher turbidity readings. Several studies have
shown that during this period of higher, turbidity an increase occurs in the numbers of microorganisms,
including Giardia, which pass through the filter. The research conducted here attempts to answer these
questions and is unique because the post backwash "filter ripening" stage has been examined in two
operating municipal water treatment plants, whereas previous studies have mainly been conducted
within pilot plant scale studies.

Turbidity samples were collected during the post backwash period, both as grab samples and by
continuously recorded monitoring. Microbiological samples were gathered at the same sample points,
and were analyzed for total coliforms, injured coliforms, and heterotrophic plate count. Raw water
characteristics, water treatment and chemical additions, and total plant effluent characteristics were
monitored.

Incidences of higher ' than normal turbidity were evidenced at both plants, as has been shown to occur
in pilot studies, during the post backwash filter ripening phase. These periods of high turbidity readings
were found to show a two peak characteristic. Microbiological sampling showed no relationship
between the higher turbidities and a corresponding increase in bacterial numbers. The chlorinated
backwash water used in an operating water treatment plant seems to negate the relationship between
the turbidity and bacterial numbers. This study also confirmed the higher recovery rates for chlorine
injured coliforms using MT-7 agar, as compared to m-Endo agar, during the post backwash period.
This effect was most pronounced during the initial portions of the filter run, and tapered off as the filter
run progressed.

The data collected for this study confirms a dual peaked turbidity post backwash filter effluent
characteristic in a full scale plant setting, but raises sane questions concerning the origins of these
peaks. The data also provides sane guidelines for the minimization of these turbidity peaks.

These findings are applicable to the operation of existing water treatment plants, to provide guidelines
for the production of a low turbidity effluent. It also raises questions concerning the practicality of
filter-to-waste design for the post backwash filter period, in terms of the assumption of bacterial
numbers being associated with turbidity during this period in the filter run.'
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ABSTRACT

The initial effluent from a granular media filter after a backwash is
of higher turbidity than the effluent later in the filter run. Various
theories have been put forward to explain this phenomenon, known as’
"filter ripening", and to determine the source of these higher turbidity
readings. Several studies have shown that during this period of higher.
turbidity an increase occurs in the numbers of microorganisms, including
Giardia, which pass through the filter. The research conducted here
attempts to answer these questions and is unique because the post
backwash '"filter ripening" stage has been examined in two operating
municipal water treatment plants, whereas previous studies have mainly
been conducted within pilot plant scale studies.

Turbidity samples were collected during the post backwash period,
both as grab samples and by continuously recorded monitoring.
Microbiological samples were gathered at the same sample points, and
were analyzed for total coliforms, injured coliforms, and heterotrophic
plate count. Raw water characteristics, water treatment and chemical
additions, and total plant effluent characteristics were monitored.

Incidences of higher than normal turbidity were evidenced at both
plants, as has been shown to- occur in pilot studies, during the post
backwash filter ripening phase. These " periods of high turbidity
readings were found to show a two peak characteristic. Microbiological
sampling showed no relationship between the higher turbidities and a
corresponding increase in bacterial numbers. The chlorinated backwash
water used in an operating water treatment plant seems to negate the
relationship between the turbidity and bacterial numbers. This study
.also confirmed the higher recovery rates for chlorine injured coliforms
using MI-7 agar, as compared to m-Endo agar, during the post backwash
"'period. This effect was most pronounced during the initial portions of
the filter run, and tapered off as the filter run progressed.

The data collected for this study confirms a dual peaked turbidity
post backwash filter effluent characteristic in a full scale plant
setting, but raises some questions concerning the origins of these
peaks. The data also provides some gquidelines for the minimization of
these turbidity peaks. :

These findings are applicable to the operation of existing water
treatment plants, to provide guidelines for the production of a low
turbidity effluent. It also raises questions concerning the
practicality of filter-to-waste design for the post backwash filter
period, in terms of the assumption of bacterial numbers being associated
with turbidity during this period in the filter run.




CHAPTER 1
_ INTRODUCTION

It is well known that the initial ef_fluent' turbidities of a recently
 backwashed filter are higher than the turbidities later in the filter
run (Amirtharajsh, 1985; Chen, 1986; Yapijakis, \1982.; Francois and Van
Haute., 1985). The period of higher than average effluent turbidities is
fello.x/ved by a period 'during which the thrbidities begin to slowly -
improve. This phenomenon, frequently called "filter ripening", has been
often.not'ed, but has not been extensively‘ studied.

Concern about the intial portion of the filter run is due to the
association of high turbidities with high particle counts (McCoy and
dlsen, 1986) , and with high numbers of microorgariisms ‘(Logsdon and Rice,
1985; Logsdon, et al., 1985).  Other studies, however, show e varia.hle
' 'correlation betweeh tu.r‘bidity' and bacteriological parameters (-Reilly and |
. Kippin, 1983 McCoy and Olson, 1986)

Rega.rdless of the numbers of organisms assoc1ated WJ’.th turbidity,
high turbidities are undes1rable due to the implications for
disinfection. Turbidity is believed to: (1) serve as a carrier for
nutrients that cah resﬁlt in bio‘logicai activity and water quality
degradatlon (Herson et al., 1984), (2) exert a s1gn1f1cant demand upon
the disinfectant used resultlng in a lower dls:mfectant re51dual in the

distribution system (Rldgway and Olson, 1982) , and (.3) provide a matrix
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to "shield", or transport microorganisms into the distribution system .
(LeChavallier et él., 1984). Additionally, several studies have
concluded that due to the large number of injured organisms present in
. drinking watgr, enumeration éf coliforms 'has been underreported
(McFeters, et al., 1982; LeChevallier'and Mcfeters, 1985; McFeters énd
Camper, 1983; LeChevallier, et al., 1983; O'Comnor, et al., 1984). |

Several studies have tried to éharacterize and to determine the
causes of the initial effluent degradétion and the subsequenthfilter
- ripening period. Research by Amirtharajah and Wetstein .(1980), has
indicatéa thaﬁ the period of effluent degradation is due to the backwasﬁ
water remnants. Work done by Franboig and Van Haute (1985), indicates
that a large part‘of the poor quality effluent is a function of the
influent water. The filter.improvement period, or the pe;iod'during
whiqh the éffluent quality improves has been charaqterizei by O'Melia
and Ali (1978), and by Payatakes et al. (1981) as related to the
accumulation of influent particles within the media over time.

The use of a filter-to-waste period-at the beginning of a filter run
was commonly used toAcontrQl the quality of the filter effluent up to :
- the 1930's. The procedure has not routinely been designed iﬁ newef'
plants but has gotten increasing éttention due to concern over possible
transmission of Giérdia cysts. This practice may only be sufficient to
avoid the initial effluent degradation peaks, since the filter ripening
period generally takes place over ah-extended period of time. Another
method of pmotecﬁing the effluent quality is the injection of a polymer

into the backwash water (Cranston, 1986; Harris, 1970; Yapijakis,'1982).
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The polymers ‘adsorb to the f:theJ/: media, sér\}ing to "precondition" the
filter. ‘
| There is a paucity of information from actual water treatment
' facilities investigating £he'period of filtration following a backwash.
Most of the studies which deal with the post- backv;’ash period of the
filter run have been conducted in pilot scale studies.

. The research conducted herei’n provides. a view ;)f thei post backwash
fiiter effluent in full Séale water treatment plants, and develops a -
hypéﬂdesis for this 'perioa, based upon ocbservations and data collected
as well as up'on the literature av_ailabj.é,. in addition , some guidelines
for the operation of @t@ treatment faéiiities are presented, wit_h the
goal of minimiz:j.ng the turbiditie-s. ;alnd bacteriological numbers

associated with the post backwash period.




CHAPTER 2
RESEARCH OBJECTIVES

The overall objective of this research was to characterize the post
backwash filter ripening phase of dual media filters in full scale water
treatment plants. This is important in order to develop operafional
‘methods or design guidelines whic;h minimize the magnitude and the
duration of this period. The individual research objectives were:

1. To confirm the occurrence of high turbidity, bacteria and
particles in the initial effluent from a filter and its association
with the backwash water remnants.

2. To determine the magnitude of the components to initial
degradation from the backwash water remnants and the improving phase.
3. To determine the severity of initial degradation in relation to
current standards for drinking water (1 ntu) and future standards
(0.2 ntu).

4, To determine the changes in initial degradation over a year with
seasonal changes in raw water quality including temperature and
treatment chemicals.

5. To compare the initial degradation from a conventional plant as
contrasted with a direct filtration plant.

6. To develop design and operational guideiines that would minimize
the detrimental effects of initial degradation.




CHAPTER 3
LITERATURE REVIEW

As mentioned earlier, there is a real lack of information regarding
the initial stages of filtration in full scale water treatment plants.
- The only plant écale study which hés focused on the initial degradation’
phase of a filter run reported in the literature is a 1982 report by
Qu;eschi. An additional study which has been qarried out in a municipai
water treatment facility is é study in 1970, by Leslie Haffis. However,
Harris' investigation does not concentrate on the initial degrédation of
the filter effluent following a backwash. Rather, he investigated the
minimizatioﬁ of the total filter effiuent degradation by the use of
coagulants in the backwash water remnants. There is much more .
information in the literature dealing with the mechanisms of filtration,
including the mechanics of the improving effluent quality of‘a.filter'
over time. There is a fair amount of data avaiiable ffom studies
carried out én pilot' plant filters, which chronicles the occurrence of
high turbidity, high bacterial counts and_high numbers. of Giardia cysts
in filter effluent during the period of time following a filter
backwash.

In addition, there is a quite a bit 6f néterial covering the

occurrence of coliforms, injured coliforms, hetercotrophic organisms, and
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particle counts in water systems; and the correlation of this data with

turbidity.

Initial Degradation of -Filter Effluent

Amirtharajah and Wetstein (1980), with work cﬁone using a pilot scale
filter, showed that the initial effluent qhaiity from a filter' used over
several filter runs could be divided into three porticns; the lag
period, the rising limb culminating in two turbiduity peaks, and the long
receding limb (Figure 1). They proposed that the lag period was due to
the clear backwaSh water remaining‘ in the underdrain system up to the_
bottom of the filter med‘ia, that the rising.limb was due to particles
derived durlng collls1ons of the settllng media at the end of the
backwash and that the receding lJ.mb was due to the dlsper510n of the
medla derived partlcles from the filter with the influent, _and the
accumulation of 1nfluent partlcles within the media pores. The rising
.limb consists of two separate turbidity peaks; the flrst corresponding
with the turbidity of the backwash water remnants remaining within the
media, and the second corresponding with the backwash water remnants
standing above the filter ‘media, up to the backwash water .gthter,
following backwash |

The three stages of the initial effluent degradatlon have different
: characteristics in terms of particle concentrations. In general, the
flrst turbldlty pea.k assoc:.ated with the backwash water remnants within
the filter medla, has a -quality which is characterlzed by the last

stages of., the backwashlng operation. The secon_d turbldlty peak,
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associated with the backwash water remnants remaining above the filter
media, is the péorest quality watér.

Amirtharajah (1982). has developed a model which characterizes the
quality of the backwash_ water, The model assumés a surface renewal
mechanism for particle detéchment from fluidized grains to the backwash
water. It is shown that the concentration of particles, C, in the

backwash water are represented by;

C = Re-(Vt/d)

in which ; v = backwash water velocity, t = fime, d = diameter of
co;Llectors, and K = coefficient. This result indicates an exponential
distribution of parti-cles in  the backwash water, and serves as a
rationale fo-r ‘the daminance of the second turbidity peak during initial
degradatidp..

Qureshi (1982), ran a series of plant-scale investigations at the
Fridley Water Treatment Plant for the City of Minneapolis, in which
filters were subjected to various backwashing rates. The study concluded
that a higher initial degradation resulted when filters were backwashed
at sub—fluidizatioﬁ rates. He also confirmed the existence of two
turbidity pea]é during the initial filter effluent degradation phase,
and their. relatioriship to the backwash water remnants as proposed by
Amirtharajah and Wetstein (1980). | | »

Qureshi's study was carried oﬁt, it should be noted, in a softening

plant with alum addition. Turbidities from individual filters ranged




. 9
from 0.5‘ to 1.9 ntu during the first hour of operation, while the
typical turbidity during mature filter operation from one hour ‘to 50
hours was in the range .of. 0.2 to 0.5 'ntu. Qureshi attempted 'to minimize
’ the initial degradation-turbidities by addition of polymer to the_
backwash water. i

In 1985, Francois and Van Haute deecribed the. filter ripening phase,
modifying Amirtharajah and Wetstein's theory. Their experiments were
carried out using a pilot ecal_e plant utilizing damestic waste water
with alum in conjunction with a non-ionic polymer. They theorize that
the peak .turbidity is more related to 'the influent Water then‘ to the
backwash remnant water (95% influent vs.l 5° remnant). Their yresearch
1nd1cated that the ripening period of the filter is Simultaneous with a
change in the pore structure of the - filter bed and - that the initial
- turbidity breakthrough was due to the breakdown of the initially- placed
weak hydroxide .flocs Within the pores of the media due to the rapid
increase of wvelocity gradients as particles begin to accumulate W:Lthin
the media pores; The loosely deposited flocs are scoured back into
suspension in fairly large amounts\..

Another conclusion f;fom Fr'aincoie and Van Haute's study was that by
overdosing the coagulant during the' initial stages of filtration,  the
filter ripening peak cen be reduced. They attributed this to an l
increased blocking rate of the media pores and dead zones; | -

Therefore, they summarize that the n*ajoi‘ degradation turbidity peak
is assumed to be due to a lack of filter efficiency, caused lby an.

inadequate pore structure and the passage of the initial weak flocs
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through the filter media. ' The rate of pohe blocking was suggested to be
strongly influenced by the chemical pre-treatment of the raw water.

Studies by Payatakes, et al. (1981), and O'Meiia and Alj (1578),
have shown that the improving phase of filter ripening is due to the
accumilation of particles' within the medig flow channels. O'Melia and -
Ali suggested an association of the improving phase of filter ripening_ _
with the formation of particle chains, or dendrites, on the media during
the initial stages of filtration. They used a pilgt—scélie study, with a
polymer coacjulant system. ?ayatakes, et al. (1981) showéd, with.
simplified visual experimental data, that the main mechanism causing
. alteration of the gecmetry of flow channe;g within the filter could be
thrba‘n‘:’ clégging'. "Ihis throat clogging resultea in an J:.ncr,ease of local
capture efficiency and explains the improving phase :of filter ripening.

O"Meliia and Ali (197é ) developed an equation to model the improving
'phase of filfration due to' the accdmulation' of particles and_ the
formation of dendrites_ and particle chains wihhin the media pores. The
constantly aécmmlatirig' particles within the media ére »thought to
continually improve the effluent qhalify by the -improved -capture of the
influent particles by the dendrites. _

The equation thqh O'»Melia and Ali de\}eloped includes both the
h:ollection effiqiency of the original filter grain és we]_.l as
displaying the bolle_ctof efficiency of the filter grain and its
associ_atea particles collected during filtration: . |

nr = (A*n) + (N*Ap*np)*(dp/dc)2
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Where: nr = Single collector e_fficienéy of a particle and .its
retained particles. ' |

A = Collision efficienlcﬁl/ factor.
n = Single collecfor efficiency.

N =, Number of particies that act as collectors.

. Ap = .Colllector efficiéncy factor of retained pérticles.
np = Collection efﬁiciency of a retained particle.

' dp = Diameter of s;usper_;ded particles;

dc = Diameter of collector.

Cranston (1987) modified Amirtharajah and Wetstein's theory of
filter ripening, éalling_the évents the "filter ripening sequence;'. In '
the filter ri'peﬁing sequence, three stages are characterized (Figure 2).
The three stages are: the remnant ‘s’_cage , the influent mixing and
_par_ticle' stabilization stage, and thg filter fnedia conditioning stage.
‘i‘he remnant ‘ stage is '_associated wi-th the backwash water remnants
remainimj within the. underdrains, média,- ahd above the media after
backwash.. Cranéton noted ‘fhat a _peak of high turbidi’;y may occur at
. this s’t-:age due to particles sheared off the media at the beéinning of
the filtration cycle, or at the end of the backwash, ~as the media
particles collide with each other. .The influent mi.xing.r and particle
stabilization stage occurs as the influent water disperses into the
éoaq;lant—frée remnant. watef above the fi.lter média. This stage 1is
characterized by the large peak in tu:;bidity , and the cause is the
partial stabilizat;_ion' of the previously destabilized influent particles,

as they interact with the non-coagulated backwash water. The third
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st_:agje is the filter media conditioning stage, and is characterized by
the accumulation of particles wi_thin the filter media, and the increased
efficiency of particle remqval.

' Cranston also found that t;he use of coagulants in the backwash water
as a means' of reducing the magnitude and the duration of the filter
ripening sequence can be very effective. . He also stated that the
mechanism by which this. treatment becomes effective is by virtue of the
fact that the coagulated backwash water remnanté above the filter help
to prevent the stabilization of the initial influent pafticles as they
interact with the hackwash water remnants. The coagulants or species
created by the coagulants also tend to adsorb to the filter media,
accelerating the particie accumulation within the media pores.

The addition of polymers fo backwash water as a means of minimizing

the filter ripening stage of filtration is a widely accepted idea and

practice which is in use in some water treatment facilities. "-Several

works on the subject include Harris' study at the Conta Costa County.

water treatment plant in California, in 1970, and Yapijakis'(1982) and
Chen's (.1 986) experiments, usihg pilot “plants. These studies indicate
that the addition of polymer to the backwash water serves to minimize
thé filter ripening duration and mégnitude, under both pilot and full

scale studies.

Occurrence of Microorganisms in the Filter Ripening Period

One of the major problems facing the water industry today is

giardiasis. Amirtharajah (1986) has recently summarized the rationale

V7
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for development of mandatory filtration and Qisinfection regulations.
based on the possible transmission of Giardia cysts and viruses'.
Logédon, et al. (1985) in a xegent pilot scale study éoncludeﬂ that
Giardia cyst‘conqentrations may be h%ghef than usual during the first
portion of a filtef run, ‘and  that operators should consider a
filter-to-waste period at the start of a new run. Logsdon indicated
‘that a 0.2 to 0.3 ntu rise in turbidityjcan be associated with rises in
~ Giardia cyst concentfations by factors of twenty to forty. Sincé the
ingestion of only ten Giardia cysfs have been shown to cause an
infection (Lin, 1985), it ié quite possible that the initiai
. degradation phase of filtration Qill transmit sufficient cysts to cause
an infection. Some giardiasis outbreaks from filtration planfs have
been linked circumstantially with éossible cyst tranémiésion during the
filter ripening period (Logsdon, 1985{.
Logsdon and Rice (1985), iﬁ a related study, also confirmed the
' passage of high coﬂcentrations of'Klebsiella occurred during the initial
portions'of a filter run,~wheﬁ dechlorinated backwash water was used.
" The Kleﬁsiélla“concentrations rbse'éharplz, és the filter run hegaﬁ
following hackwash, and then glowly declined, at about the séme time as
‘the hnﬂﬁdity concentratioﬁs. They went on to report that when
chlorinated water was used forlthe backwésh, no.orgapisms were recoveréd
for the first ten minutes of the filter run, after which the bacterial
concentrations resumed as . in the dechlorinated runs. Logsdon and Rice_
.account for the low numbers of Klebsiella duriﬁg the first ten.minutes

"of the run as a result of chlorine injury to the organisms. Théy noted

bl
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that iﬁjured and lysed organisms'aré a source of food for other
organisms in the system, and that some injured organisms may recover to
reproduce and cohmﬁze the disbﬁkmtion system. Logsdon and Rice
concludeﬂ that the passage of bacteria during the initial filtration
phase is likely to be masked by chlorlnatlon.

Al-Ani, et al.,(1984), in a pilot scale study; had 51m11ar results
to Logsdon's work with Giardia and Klebsiella recoverei'fram filter
effluent. The studies of this grouplfbund that turbidity is a good
indicétar of bdcterial and Giardia removal fran.filterai water, on a
percentage hésis. Tﬁeir research, however, did not investigate the
‘initial portions of the‘filter,run, sampling only at 30 and 60 minutes
into the filtér run.

' In a recent study, McCoy and Olson (1986), determined that the water
quality‘degradation wiﬁhin,nmnicipal drinking water sysﬁems éccurred
because of intermittenf short duration events that resulted in high
turbidity, particle counts, and heterotrophic plate counts. They found
that particle counts and turbidity were diréctly pmoportidnal, but that
there was no predictable'relationship betwéen particle couﬁts or
turbidity and bacterioldgical quality. Similar results were reﬁortéd
earlier in 1983,by Reilly and Kippin; and in 1984, by O'Connoflet al..
'Reiily and Kippin concluded, from a study conducted on municipal water
distribution éystems,:that standiﬁi plate counts (SPC) exhibited no
relationship with coliform coﬁnfs when the SPC was less than 50
organisms./ ml.. In addition, the SPC was not dependent on low-level

turbidity and variéd with respect to free ¢hlorine residuals.
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O'Connor, ‘et al. (1984), 'reportea that there waé a lack of
correlation between direct cell counts and turbidity in water from

distribution systems in Missouri. They also said that; ". ..turbidity is
of no value for estimating plate or coliform cow‘unts in drinking wavte'fs."

Hudson (1981, pp7), used operating data from the Vifelma filtration
.plant in Bogota, Colombia, to show that bacterial cbqnts in filtered
water declined as the turbidity of the filtered wéter declined. ' This
conclusion is élso upheld by McCc?npick and King (1982), who reported
that in pilot scale studies of direct filtratioﬂ: "A filtered water
turbidity of 0.10 ntu, which 'met the AWWA goall, resulted in practically
complete removai of algae and coliform bacteria.” ‘

The turbidity of . filtered water, whe&a directly propqrtionai to
microbial oounfs or not, is. still consider-ed‘ a good surrogate parametér
by which overéli water quality can be measured. Turbidify is thought
to: (1) serve as a carrier for nutrients that ca-n resul’; in biological
activity and resultant water quality degradatio'n (Herson, et al., 1984);
(2) exert significaht disinfection demand .that can résult in loss of
disinfectant .residual .in. the distribution system (Ridgway and Olson,
1982).; and (3). provide a matrix to transport microorganisms throuéh or
introduce organisms into the system (LeChevallier, et al., 1984).
Because of these effectsv and other pragmatic ‘and' economic
consideré;tions, turbidity measuremen{:s will ‘continue' to play a major.
role in drinking water regulations based on health criteria

(Amirtharajah, 1986).
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Incidence of Injured Ogc;anism_

As qusdon copcluded from his fi_lter studies, discuséed ébove, .in
which Klebsiella were not detected ‘during the first ten minutes of the
filter runs that were preceded by chlorinated backwash cycles, injured
organisms may aécount for the poor récovery rates. Injured orgaﬁisns
present in the filter effluent may result _in‘; (1) underestimation of
the "true" bacterial count present in the water, and ‘an overestimation
of the wafer quality, (2) physiological- recovery of the organismé,
followed by regrowth in the distribution sysfem, ‘and a subsequent
increased disinfectant dgmand, and' (3) use of the injured organisrﬁs I'as‘
"food" for the growth of other organisms present in the ‘drinking water.

Thé problem of injured coliforms in. drinking water has been
researc;hed by Gordon McFeters in several studies and by' Mark
LeChevallier, bdth from Montana State University. -As noted by
LeChevallier and McFeters (1984): "The effectiveness of the coliform
group of bacterid as indicators of water quality is largely related to
their efficiency of ‘enumeratiori." |

| Not only is chlorine a sou.‘r-:ce ‘of iﬁjury‘, but environmental factors
such as heat, freezing., sunlight, pH, and transition metals present in
the water can also cause injury (LeChevallier and Mcf‘eteré, 1985).
Another source of repressed total éolifqrm counts is biolocjicél
int_e_.ractions (LeChevailie]_; énd McFeters, 1985). The frequency of
coliform detection decreases w'hen 'Stéhdard Plate Count levels exceed

500-1000 colony forming units / ml.
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. Several studies have shéwn that the.énumeration of coliforms in
drinking water by membrane filtrafion, with incubation on m-Endo medium,
(the standard méthod most often used), often grossly underestimates the
- actual numbers of coliforms presént. McFeters, et al., (1986), reported
a 97.4% rate of injury ambng coliforms detected in drinking water after
backwashing of a filtef (Table i). Iﬁjgry rates of >90% were reported
by McFeters, et al., in 1982, in coliforms recovered from the
distributioﬁ system in Bozeman, MT. The average injury rate reported in
this study, using m-Endo agar was 60% (Table 2).

The accurate detectionAof the coliform numbers present in a treated
water is importént in order to detect possiblé problems within a water
treatment  system. The incidence of waterborne morbidity‘has steadily
increased over.the paét 20. years in the United States (McFeters, et al.,.
1986). The increased accuracy of enumeratic;n of coliforms is an
impdrtant tool in the‘prevenfion of waterborne disease, dﬁe to the fact

that most outbreaks have been traced to deficiencies in water treatment
system$ and inadequate or interrupted chlorinafion (McFeters and Camper;
1983). Early detecfidn of increased coliform numbers may help to "head
off" waterbérne disease outbreaks. i

" A medium developed expressly for the recovery and enumeration~of
coliform bacteria from drinking water is MT-7, designed to be used much
the same as m-Endo, ‘as alnembrane filter mediuﬁ. This ﬁedium has been
proven to reéove; as many as thrée times (LeChévallier; et al., 1983) as
many coliforms as m-Endo agar, the standard methcd (APHA, 1985), from_

drinking water in Bozéman, MT (Figures 3 & 4). In another study, MI-7
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Table 1.  Detection of Injured Coliforms in Three New England
Water Treatment and Distribution Systems. *

Sample Sample No. of No. of Confirmed Colonies % Injury % False

No. Source Samples per 100 mL detected on: Negative
' m-Endo LES MT-7
1 Throughout - - 0.3 9.5 9.8 79
. System :
2 Water Leaving 46 0.2 : 5.7 96.5 69
. Treatment
Plants
3 Filter 1 © 18 136 86.7 )
Backwash ‘ :
4 After 1 . 5 42 97.4 82
Backwash
5 Ppipe Break . 28 0.9 35.3 97.4 82
6 1 wk After 11 0 67.5 100 100
Pipe Break ‘ ' L
7  After Dis-. 1 . 0 1 100 100
' infection of
New Main

* pdapted: from McFeters, et al. (1986).
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Table 2.. Media and the Recovery of Injured and Healthy Collforms
fram Water. 2
Medium % Recovery (range)® % Deoxycholate or
Injured Healthy Related Compounds
Group I . | )
Triple sugar iron o181 106 0
Nutrient alginate - 125 r 88 0
Minerals modified glutlmate 99 ' 106 0
" - Tergitol 7 86 (71-101) 99 0
Boric acid 84 92 0
TLY + 0.1% Tween 80 72 7 NDC 0
Group IT |
Lactose broth 72 (47-98) 102 -0
m-Endo : 66 (30-102) 93 0.1:0.005f
Lauryl tryptose 56 (34-79) 98 0.01f
Levines FMB 42 (37-47) 119 0
3v ' 39 . 95 NAY
Purple serum 38 56 0
EE o 38 - 106 2.0d
Brilliant green bile 2% 34 (18-51) ° 106 2.0d
Deoxycholate lactose 26 94 0.05
Group IIT o ‘
Eosin methylene blue - 24 (7-42) 102 .NA
Violet red bile 12 - 99 ‘ 1.5€
m-FC at 44.5 C 7 (4-10) 105 1.5€
MacConkey 5 - 97 0.1e
GN . 4 n 0.05
- TLY-D 2 82 0.10
XD 0 40 0.25

a8 Coliforms tested include: Escherichia coli (two stralns) K. pnemonia,
C. freundii, and Enterobacter aerogenes. ' -

b (Percent recovery) = ((CFU selective medium)/CFU TLY) *100). Injury
was between 90 and 99% The range for injured coliforms is
calculated from seven repetltlons, u51mg five coliforms over a 1
year period. '

TLY = tryptic soy broth w1thout dextrose, 1% lactose, 0.3% yeast
extract and 1.5% agar.

C ND, not done.

d Oxgall

€ Bile salts.

f rauryl sulfate.

g NA, Not Available.

Adapted from McFeters, et al. (1982).
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recovered 8 to 38 times the number of coliforms from drinking .water
distribution systems in New England communities (McFeters, et al.,
" 1986). These studies show that the possible passage of injured
organisms during filter ripening has important effects not only in
relation to overall finished water quality but also influences the
possible regrowth of organisms in the distribution system.
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Figure 4. Comparison of Coliform Recoveries from Water Samples on

m-Endo Agar with LTB Resuscitation and MT-7 Agar. Counts
Are Represented as Relative Values. (LeChevallier, et al._,

1983).
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CHAPTER 4 °
EXPERTMENTAL

Site Descriptions

The exper:.ments for this study were carr1ed out at two mun1c1pal
water treatment plants. The water treatment plants involved in this .
study were; the Bozeman Water Treatment Plant, located in Bozeman, MT
_(BWTP) , and, the Missourl River Water Treatment .Plant, in Helena, MT
(HWTP). Each -of these facilities. is a 10 MGD capacity plant, and each

utilizes eight dual media filters.

‘ The Bozeman Water Treahnent Plant (BWTIP)

The BWIP uses a direct_ .filltration | schéne of treatment (Figure 5).
The raw vtater- is treated with bentonite and a cationic polymer
(Magnifloc 587C, CatFloc T and CatFloc TL were used over the course of
this study) (Table '3). The plant ie a gravity flow system,_ with
flocculation and filtrétion of the water (Figure 6). Prior to .storage_
in a clear water reservoir, the fj;ltered' water is chlorinated and
fluoridated. The detention time for the elear well is about‘ twe hours.
Average filter flow rates vary, from about 1‘;.7 gpm/ft2 to 4.7 gpm/ft2 ’
- depending upon the mun101pal demand The surface area of a filter is“
196 ft2, Durlng the peak demand months of the summer, the water supply

is augmented by the 'rus'e of a creek supply (Lyman Creek). The water from
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Figure 5. Layout of Bozeman Water Treatment Plant
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Lyman Creek is not treated at the BWIP. Instead, the water from the
creek is simply chlorinated and admitted to the distribution system

(Figure 7).

Table 3. Polymers Used at the Bozeman, Montana and Helena, Montana
Water Treatment Plants

DATE Bozeman Water . Helena Water
' Treatment Plant ’ Treatment Plant
(Cationic) (Cationic) (Non-ionic)
1-1-86 CatFloc T . " Nalco 8105 Nalco 8170
4-1-86 Magnifloc 587C
4-22-86 CatFloc T '
5-1-86 ~ Magnifloc
6-4-86 CatFloec TL
6-6-86 CatFloc T
6-12-86 Magnifloc
7-21-86 © CatFloc T -
2-9-87 ) Magnifloc
~

One ofxthe distinguishing features of Ehe BWTP system is the
excellent quality of the raw water. The .raw water source for this
facility is surface water from n@uﬁtainous éources, including mountain
streams (Hylite and Séurdough Creeks) and mountain reservoirs (Hylite
Reservoir), all of which are.filled by runoff from rainfall and’
snb&melt. Year round raw water tﬁrbidities generally remain below 1.0
ntu. |

However, during the springtime, the raw.water turbidities can
"spike", qausing episodes of higher than average turbidities, rangiﬁg
from 10 to near .30 ntu. During the first year of operation (1983),

turbidity spikes as high as 60 to 80 ntu occurred. " The heavy logging ih_
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ﬁhe wafer supply area prqbably'is a contfibuting-factor of the turbidity '
spikes, since they seem to occuf after especially warm spring days where
the énow melt is great, ér immediately'following rainstorms during Eoth
the spring and summer. It is during these epdéodes of raw water
turbidity spikes that the direct filtration treatment scheme is leasf
~effective, although even du;ing these times; the p;ant effluént
turbidities remain less than 1.0 ntu.

Also, the plant's total effluent quality, in terms of turbidity,
varies somewhat depending on the filter flowrate maintained. Again, the
effluent Eurbidities generally remain below 1.0 ntu, although during
high filter rates, the individual filter effluent.turbidities are

sometimes in the 1.0 to 1.2 ntu range for short periods of time.

The Missouri River Water Treatment Plant (HWIP)

The HWIP uses a COnyentional treatment mode of operatiom (Fiéures.S
and 9). The raw water source is the Missouri River, from which water is
taken at the Canyon Férry Dam. Raw water entering Ehe plant is
pre;chlorinated; followed by the addiﬁion of sodium hydroxide, alum,
non-ionic polymer (Nalco 8170), cationic polymer (Nalco 8105), and
powderei_activated carbon.AThe“water‘is then flocculated, allowed to
éettle, and. filtered. The filter flow rates at the HWIP remain féifly
constant, at 1.3 to 2;6 gpm/ftz. The sﬁrface area of a filter‘is 270
ft2, Following filtration, the effluent is chlorinated and fluoride is

added in the clear well. Two -more clear.wells follow in line, prior to
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.th'e water éntering the distribution system. Contact time for chlo'rl‘_:'me
.1s about 2 hours; depending on flow r—ate.

ADu_ring periods of high municipal demand, the Helena water ‘supplies
are augmentéd by two other water sources. 'These are; 'i'en Mile 'Creék,
which is chlorinated and enters the Heléné distribution system, and the
Eureka infiltration gallery, which is also chlorinated prior to entering
the Helena distribution system'. In addition, the Orophino line, an
underground creek, which ~sometimes surfacés, is a year-round supply to
some of the residences. The water is chlérinated , and enters 'a dis-
tribution system which is separate from the Helena system (Figure 10). -
. The HWTP receives its raw water supply via a pipeline and reservoir
system. Watér is pumped from the Missouri River, at Canyon Ferry Dam,
through a 3 mile pipéline, and an approximately 7 or 8 mile canal to the
Helena Valley Reservoir. The reservoir is mainly used for irrigation in
the Helena Valley. It is protec_:ted fram livestock, ard human access 'is
lJ_mJ.ted to fishing from non-motorized boats or frcsm sh;)_re. Water is
thien pumpéd through another pipeline,” 7 miles, to the water treatment
plant (Figure 11 ) The reservoir seems to moderate any annual turbidity
variations which there mighf be in the raw water itself. The raw water

turbidities are consistentiy between 2 and 4 ntu's.

The distinguishing feature of the raw water at this water treatment -

plént is the érowth of algae in the reservoir, sometimes causing a
severe taste and odor problem in the late summer and early fall (Helena,
City of, 1983). Potassium permagnate (KMnO4) is -applied to the raw

water in tile pipeline as it leaves the reservoir, in an effort to
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control the problem.. The estimated travel time for the .water: to reach
the wate:; treatment plant is 2.5 hours. |

During the study period for this research, the algae did appear, and
caused problems for the treatment facility in terms of taste ancl odor
episodes. Application rates of powdered activated carbon (PAC) uere as
high as 1440 1b/24 hr. Concentrations of PAC applied reached as high as
78 mg/1l at. the peak of the problem in late September. Because ‘the ' '
municipal demand slowed in November 1986, the plant was shut down, and
the city's alternative water sources were used as the prlmary water
supplies. This decision was made by. the city council, and approved by
the Montana Water Quality Bureau, .o'lue' to the hlgh cost - of treatment of
the Missouri ¥R1'_ver . water because of the larq'e amounts of PAC required.
By mid-December 1956', the plant was back on line, although only for

short (4-5 hrs) periods of time.

Backwashlng Procedures

Although sz_mllar in that they both have elght dual medla filters,. the
_ BWIP and the HWIP have different backwashr protocols. . The backwash
procedure for the BWTP is automatically initiated when’ a certain
heaclloss is reached through the filter. The backwash cycle is a
digitally programmed procec_ﬂure. ~ The sequence. is described in Table 4.
Once the fllter is put back on llne, the filter effluent is
‘fi.ltered—to—waste for exactly 4.0 minutes. At this time ,.- the 'valve to
the clearwell, or, the. "filter-to-keep'" wvalve, opens from 4.0 to 4.5

minutes after backwash. From 4,5 to 5.0 minutes, the filter-to-waste
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valve closes. It is important to note that aé the valve which léadé to
the clearﬁell opens, it first opené 100%, then slowly closes until the
proper flowrate.is reached, equalizing the head through the filter. _By-
5.0 minutes after the backwaéh, tﬁét is, 5.0 minutes into the filter
run, the filter—to;waste valve is completely,closéd, and the cléar well
valve isvopen to a constant flow. :

Table 4. Bozeman Water Treatment Plant Digitally Controlled
' Filter Backwash Procedure.

Time (min.) . : Operafion
0.0 - 8.0 | . Draw Down
8.00 - 11.20 _ Stand
11.20 - 17.40 | Surface Wash
13.35 Backwash Pump On
14.05 - 27.55 . Backwash at 11 gpm/ft2
: (2500 gpin)

fhe HWIP uses a manually initiated backwash, baséd on the headloss.
through tﬁe filters. The treatment plant operatérs control the length
of ' the backwash, the flowrates used during the procedure, and the number
and length of incremental startups and shutdowns of the backwash water
flows. Since the procedure‘is opérator controlled, there is quite a bit
| of vériatioﬁ betWeén each backwash, aé initiated and controlled by

different operators. The protocol is Qescribed in Table 5.
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In addition) the operators control the flowrates at which the filter
is put back on 1line éfter the backwash. The standard operating
procedure used for putting the filters back on line following a Eackwash
is to incrementally increase the flowrate, until the operating flowraté
is reached. _ This process usually takes 10-15 n&nﬁtes, although the

actual time varies depending upon the operator.

Table 5. Helena Missouri River Water Treatment Plant Manually
Controlled Filter Backwash Procedure.

SEQUENCE OF EVENTS

-—
.

Close the filter influent valve, lowering the water to the top of the
surface wash pipe (Drawdown).

Close filter effluent valve.

Waste remaining water in filter basin.

Open surface wash valve.

Start backwash pump.

Open backwash valve slowly, 5 - 10 minute process.

At 1000 gpm backwash flow rate, shut surface wash valve.

Increase the backwash flow rate at 500 gpm increments untilreaching
3500 ggm flowrate in winter (13 gpm/ft2), and 4000 gpm flowrate (15
gpm/£ft<) in summer.

9, Backwash at these rates for 4 minutes.

10.0pen surface wash for 2 minuteés, then close.

11.Close backwash valve in 500 gpm increments until closed.

12.Put filter back on line.

oo Wi
L]

Again, as is the case with the backwash prpcedure, the operators use
their owﬁ discretion for the actual lengths of time and flowrates used
at each increment during the start of a filter run.

For this study, the C@efators-were first asked to use the normal
backwash procedure, including the incremental startup cﬁf the filter

flows following the backwash; Later, they were asked to hackwash the
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filtérs according to the standard procedure, but to start the filter
back on line at 100% flow' rate for that filter run, ie. a

non-incremental startup.

Sampling Points

Water samples were ccllected' from the raw water, flocculated water,
indivldual filter effluents and plant (combined filter) effluent. At
the BWIP, all sample p01nts were accesslble , and no modifications for
sampling purposes were required. At the HWTP, sample splgots were
installed by the City of Helena, at the base of each filter. Other
accesses for sampling were already in place.

Both facilities use continuous monitoring of the plant raw water and
effluent turbidities'.'_ The BWTP uses eight Hach Low Range 1720B
Continuous flow turbldlmeters, each monltorlng one filter's effluent
turbidity. A ‘Hach Surface Scatter 5 Continuous Turbldmeter monltors
the raw water turbidity. The plant effluent or the combined filter
effluent as it leaves the clearwell is monitored only by means of grab
samples, taken once every four hours by the plant operators_. These grab
samples are analyzed using the 'BWTP laboratory Hach 2100 Turbidimeter.

_The BWIP's cdntinuous monitor:lng -of each of the eight‘ individual
‘ fllter effluent turbidities is recorded on contlnuous strlp charts. The
raw water turbidity is, llkew1se , ~continuously recorded on a strip
chart.

Samples taken for. this study were analyzed for turbidity using the

BWTP laboratory Hach 2100A Turbidimeter. This turbldJmeter is. exactly

KR S Wr—
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the same make and model as the turbidimeter which is used at the HWTP-
and of the turbidimeter ‘which is available at the Montana State
University (MSU) ﬁMVironmental Engineering Laboratory. Ali three
turbidimeters were tested at the outset of the research to determine ‘the
relative turbidity readings on each using the'_ same saniple of weter
(Table 6). The’comparison Qas excellent, with aimosf no aifferenee
between the BWTP and HWIP turbidity readings, and a slichtly variable
turbidity reading when the HWTP and BWTP tnrbidity readings were
compared against the MSU lab's turbidity readings. The explenation most
likely is thaf the MSU turbidity standards, pnmﬁded by the Hach'
company, were at least three years old, while fhe BWTP replaces their
turbidity standaras every six months and_ the HWIP replaces their
turbidity standards annually. The MSU turbidimeter was not generally

used in the data reported for this study.

~

Table 6. Comparison of the Hach 2100A Turbidimeters; BWIP, HWIP, MSU

(March 26 and 27, 1986)

Filter Influent, ntu : Filter Effluent, ntu
BWTP 2.5 0.22 .
2.5 0.21
MSU 2.3 0.21
2.2 0.19
HWTP 2.5 0.21.
2.4 0.21
“MSU 2.3 0.20
2.3 0.19

The HWIP monitors the combined filter effluents, ie. the plant clear

well effluent, eontinuously, using'a Hach Low Range Continucus 1720B
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Turbidimeter. .'Ih'e readiﬁgs from this turbidimeter are contiriuousiy
recorded on a 'strip chart.. The r“aw.' Qater influent to _’;:he water
treatment plant is also contiﬁuously monitored and recorded, with a Hach
Surface Scatter 5 TUrbidimetef. .

Since the filter effluent from each ‘individual filter was not being
monitored, the ' City of He;ena agreed. to heip us with fhe necessary
Iﬁodifications for the research,. As mentioned above, sample spiéots were
installed at the base of each filter for the purpose of gathering water
samplés. | A Hach Low Range 1720B Continu_ous "I‘urbidimeter was used, along
with a Rustrak model #228 continuous. recordef with strip charEs. The
. turbidimeter and recorder were housed on a ﬁtobile stand, which could be
used to monitor 'th'e filter effluent of any of ’t'_he eight filtérs at the
plant. | |

Neither water treatment plant samples for. bacterial counts. Both
cities have separate treatment plant and distribution system operations
and maintenance. Coliform counts afe taken by | the‘ distribution system

staff at various points in the distribution system.

Experimental Methods

Turbidity _

-Turbidity sémples were collected at both plants from raw water,
filter influent, filter effluent and plant, or con.1bined filter effluent.
All samples were collected as grab samples,' ;nd read within one hour of

collection, although usually much sooner, using the water treafment
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plant's labofatory turbidimetef. Grab samples for faw water, filter
influent‘and plant effluent were usually taken once per filter run
investigated. The grab samples collected.géve good agreement wiﬁh the
continuouslf monitored and ;ecorded~tuﬁbidities. _In:the rare instances
where the grab sample did not séem to agree with the continuocus reading,
a auplicate gfab sample was taken. All grab samples were collected
according to Standaxrd Methods, by letting the open tap run to waste for
2 to 3 minutes. | .

The filtef effluent samples were colleéted-over time; Samples were
collected prior tQ backwa;sh, intermittently, usually every 10 to 15
minutes. This Qas‘déne as a control. Immediately followiné backWash,
gfab sampleS'Wére takeﬁ from the filﬁer effluent according to the

" schedule described in Table 7. (See Figure 12 also.)

Table 7. Turbidity Sampling Schedule.

Time Elapsed After Frequency of Grab
Backwash (min) » ' Sampling
0 - 15 1 sample every 30 s
15 - 25 1 sample every 1 min
-30 - 60 1 sample every 10 min
60 - end of run 1

sample every hour

Microbiological

Microbiological samples were collected from the sémebéample points as
the turbidity samples. Samples were collected, stored, transported and

analyzed according to Standard Methods. Samples of the raw water and
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BOZEHM WATER TREATIQWT PLANT TURBIDITY DATA

Date:

Operator:

Time Backwash was Initiated: Filter Number:

Sample

Time Turbidity Any other filters backwash during

this time period, or any occurrence
affecting flow or turbidity?

FILTER f TIME OF B.W.
(Beg. | End)

o 1o wic

o1 o

OV A D wN
o o

(S}

= © © 0 W~ O
U1Oo Ul o Ul o

O OO O oS oS oo

Figure 12. Data Sheet Used in Collection of Turbidity Data
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" influent water to the filter were taken as well as the filter effluent
" over time after backwash. Sample times for the post backwash period are

described in Table 8.

b

A

Table 8. Microbiological Sampling Schedule.

BWTP HWTP

(Time after Backwash)

0. min 0 min
2.5 2.5
4.5 5.0
5.0 7.5
7.5 10.0
10.0 12.5
15.0 15.0
20 20
30 min 30 min
1 hour 1 hour B
2 hour 2 hour
3 hour 3 hour
4 hour 4 hour

Water samples were collected in clean 1 Iitér and 500 ml, Nalgene 1
sample bottles. The bottles wefe prepared'for use‘by washing with hot
tap water and soap, rinsed 15 fimes,with hot tap water, then rinsed 3
times with hot sterile (autoclaved at 251 F for 15 min.) deionized
wafer. The sample bottles contained‘S.ml/l of a 10% solution of sodium
thiosulfate, (J.T.-Baker Chemical Co.; 5-Hydrate Crystal; NapS203 5H0),
“‘prepared aseptically with sterile deionized water; After collection of
samples,'the bottles were kept on ice at 4'to 6 C for nof more than 36

" . hours before plating.
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Heterotrophic plate counts were made, as well as total coliform
counts. Heterotrophic plate counts were made on standard platé count
agar (Difco DF—0479—02-6), by the spread plate method. This mefhod was
chosen,éver the poﬁr plate méthod, due to the température shgck which
could affect the organisms, due to the.temperature of the water samples
averaging less than 10 C when collected. .Samples were stored at
“ umperaUnes of 4 to 6 C for no longer than 24.houfs, including
t;anspoft, prior to plating. Ali sampleslwere plated in triplicaté(
Dilutions were unnecessary becaﬁse of the low numbers of organisms '
usually tmesent in the samples. Triplicate sample sizes plated were:
0.1, 0.5 and 1.0 mL, after backwash, and 0.05, 0.1 and 0.5 nL for the
raw water. Plates wére incubated at 32.5 C fof 24, 48 and 72 hours; and
were counted using a coiony counter. Control'plateé were incubated
simultaneously. ‘Total.coliforms were enumerated by three methods:
1) Most Probable Number Method (MPN)
2) Membrane Filtration, using m-Endo LES agar
3) Membrane Filtration, using MT-7 agar
The MPN method of enumerafion was used as a supplemenf to, and in
order to verify, results éf the membrane filtration method. This method
was.only used once per each season. .Tﬁese fesults were cénsidered as a
statistical control.
Memﬁrane filtration, with m-Endo LES agar -(Difco EF—O736—01).i§
probably'more.commonly uséd:than,the MPN method for -the detectibnAof
total coliforms in d%inking water. This method provides comparability

with other studies, and since it is the standard method most often used,

-
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1t glves a plcture of total collforms, as would be seeﬁ by the Qperators
of the water treatment plant, or by a regulatory body.

Membrane filtration with MI-7 agar (Difco DF-0018-15-3) was used in
order to assess the numbers of injured coliforms pfesent in fhe drinking
water over various stages of the post backwash perioﬂ! The common
practice of.prechlorinafion (used by the HWTP), and thé'uée of
chlorinated backwash water, (both HWTP and BWIP), increaseé the
Alikelihooi of . chlorine injured organisms being presént in the.filter
effluent. In contrast, many of the pilot-scale studies in the
literature which were carried.out.to determine the relationship between
turbidity and kacterlal numbers in the post backwash perlod of a filter
utilize dechlorinated backwash water for thelr studies. The MI-7 agar
was used in hopes of gaining a "truer" picture of the bacterial numbers
in the post backwash filter effluént under actual treatment plant
'céhditions (ie. cﬁlorinated backwash water).

All membrane . filtration was done according to Standard Methods.
' Millipore 250 mL filtration units were used with Schleicher & Schwell,
Iné. (47 mm, 0.45 um) membrane filters. All rinse water and controls
were sterile deionized water. Total cbliférm plates were incubated at
32.5 C for_24 hours, and were incubated for an additional 24 hours to

determine if ahy more colonies appeared.

Seasonal Considerations

A significant portion of this study was to determine what effect, if

any, seasonal variafions played in the filter effluent quality,
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_especially during the period immedia_tély following a backwash. Montana

has. four very definite- seasons, and the raw water quality varies witﬁ
those seasons. "We"at'her conditions were recorded on each day thaf a
filtef run. was to be observéd. _ Raw waﬁer'parameters such as
temperaturé, turbidity, and pH were monitored on a daily basis. |
As in the case of ‘turbidity, pH measurements were made using . ﬂlé
instruments available at the water tréatment plants. The BWIP uses an
Orion Research model 701A / digital ion pH meter. The HWIP uses a
Corning model #125 pH ﬁlei:er. Staﬁdards were utilized; each plant‘ has oﬁ :
hand , and uses, sténdardized pH solutiof;s, which are bought from "the
manufacturers. The BWIP uses VWR Scieﬁtif‘ic_green pH 7.0 buffer
solution, and the HWTP use:s pH 70 and 10.0 Biophram standard soiufions.
Weather conditions were recé:;ded at the BWIP on a daily bas_is. The
conditions noted were temperature (maximum and minj;rnwn) , Precipitation
(inches, and form), wind spee& (variation in m_ph), and genc_—aral
observationS' on cloud cover, etc.. . 'The HWTP dqes not record weather
conditions on a regular bésis. However, the operators were requested ’;o
record some general weather observations on the days during 'Which

samples were taken.

Fluoride and Chlorine Tracer Studies

One of' the objectives of this study was to determine  the

-characteristics of the post backwash period, and its association with

the backwash water remnants. In order to do this, experiments were
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conducted using "tracers" of fluoride and chlorine, much as a dye tracer
Woﬁld be conducﬁed in a pilot scale context. : |

The chlorine tracer was conducfed at the BWIP, taking advantage’of
fha'fact that the BWTP does ﬁpt pme—chlorinate thé raw water. Thus,
following a backwash, the first few minutés‘of the filter éffluent wéuid
have a chlorine concentration in direct proportion to the backwash water
remmants. ' )

Samplés for the ;hlorine tracer étudies were taken in exactLy the
same manner as turbidity sémples. The samples were kept cold, and read
less than 60 minutes after collection. Concentrations were determined,
using Hach Free Chlorine Reagent fi_ilows (CAT. 21055) and the BWIP's
Bausch k& Lomb Spectronié 20 model spectrophotometer,at 530" nm
wavelengtﬁs. Absorbance was read, and converfai té mg/L using the
equation of the slope: v = mx + b, whgre y-= absorbance, m = slope =
0.213, x = Cl, residual'(mg/L;, and b = 0.

Fluoride was also ﬁsed as a tracer. The fluoride tracer was used in
the reverse of the chlorine tracer. That is, the fluoride was added to
the influent water to the filter,-in contrast to chlorine which was-an
indicator of the backwashuwater remants.

Sodium siliéoflﬁoride (NapSiFlg) is the form of fluoride ﬁsed at the
BWTP-as a fluoride suppkmenf to the Bozeman water supply. . This
chemicai is in powderea fonn.- In order to use it as a trécer, the
NapSiFg Qas ﬁdxéd witﬁ water,-to reach a maximm concentration. This
concentration varied, accérdimg‘to thé‘ambient temperature within the

plant (Table 9). Prior to.beginning the experiment, samples wefe taken
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of the filter effluent,, to Qetermine the background levels of naturally '

occurring fluoride.

Table 9. Soluability of Sodiumsilicofluoride in Water.
Temperature (C) Solubility
0 0.44 g / 100 g HO
100 . 2.45°g / 100 g HyO

The fluoride traeer solution was added to the filter influent
immediately follqwing the backwash.’ The solution was pumped into the
filter influent at a constant rate, measured,. prior to the experiment
using 2L gradaated cylinders and a stopwatch. The punp rate was checked
perlodlcally throughout the tracer experiment. ISamples were taken in
the same manner as for the turbidity samples from the filter effluent
over time. 'Ihe collected samples were warmed to 20 C in a water bath,
_then analyzed for F1~, using Hach Spandns Reagent (hydrochloric ac1d and
inorganic arsenic, CAT.444) with the BWTP Bausch and Lomb Spectronic 20
'speci:rophotometer (580 nm). Percent tranemittance was oconverted to
conceﬁtration in mg/L' (Figure 13). All samples  were arialyzed within

one hour of collection.
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Procedure Group | —Beusch and Lomb Spectronic 20 and 21
(2-inch test tube)
a. Adjust the Wavelength control to 580 nm.

b. With the sample compartment of the Spectronic 20 empty,
or using an opaque rod in the Spectronic 21, cover the sam-
ple compartment and adjust the Zero control for a reading
of zero %T.

c. Place I-inch test tube containing treated fluoride standard

into the sample compartment and cover the compartment.
Adjust the Full Scale control for a % T reading appropriate
for the fluoride standard used. Refer to the tables below.

d. Place a 1-inch test tube containing the treated water sample

to be tested into the sample compartment, cover the com-
partment and read the percent transmittance. Refer to the
following tables to determine the mg/L fluoride (F).

Concentration vs. STransmlttsnce

%T %T Units

Tens 0 | 2 | 4 S S 7 1 9
10

20 01 07 12 .17 22, 26. 31. 35 .39
so 43 47 51 55 58 62 65 69 .72 .75
40 .78 81 84 87 90 92 95 96 100 1.03

SO 1.06 1.08 1.10 112 114 117 119 121 123 125
SO 127 129 131 133 135 .137 139 141 143 144

70 140 148 149 151 153 154 156 158 159 161
SO 163 166 160 168 170 172 173 175 177 178
so 180 182 184 166 188 190 192 194 196 198

Bausch end Lomb Sead rome 20

Fluoride Concentration Determination
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CHAPTER 5
RESULTS AND DISCUSSION

The results indicate that the initial stages cf filter effluent-from
a backwashed filter show higher turbidity and particle counts than the
effluent later in the filter run. ‘Bacterial counts were variable. The
magnitnde and duration of the ‘initial degradation turbidity components;
(1) vary seasonally, (2) vary from treatment plant to treatment plant,
(3) - depend upon flowrate, and (4) to a lesser extent, depend upon: the

raw water turbidities;

Turbidity

The initial effluent from backwashed filters showed turbidity
readings higher than were experienced later in the filter run. This
: characteristic occu;red,at both water treatment plants. This finding is
not unexpected,'as any_water treatment plant opefator would report such
results. However, the characteristic turbidity profiles, over. time,
varied; (1) between the BWIP and the HWTP,h(Z)_eeasonaily, at the_BWTP,.
and (3) is dependent upon flowrate.

In addition, a dual peak characteristic was observed quite readily
at the BWIP, while the HWIP's characteristic turbidity profile seemed to

show a mild dual peak characteristic.
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Bozeman Water Treatment Plant

‘Ihlrty filter runs were studied at the BWIP (Ta.ble 10). The BWIP
turbidities after backwash over time showed a characteristic turbidity
profile., This profile was evident. during the springtime, summer and
fall. A winter profile which differed fram ‘the characteristic profile,
was observed in mj.d—wintea\: (Figure ‘14) K |

The characteristic profile oceurred when flewrates ranged fram 1.9
gpm/ft2 to 4.7 gpm/ft2 (Filter runs #1 - #26).  There seems to be three
peaks, one occqfring at between 1 and 2.5 minutes, the second at 4 to 5
minutes., and the third at 7 to 22 minutes, whereupon the turbidities
tend to decrease (Figure. 15).

The first turbidity peak was quite small, in comparison with the
following two peaks. This turbidity peak tended to grow in relationship
to the other turbidity peaks over the s_easons,l as the year progressed.
In the late fall and winter, this peak becdme much more noticeable.
Average magnitude, over the entire year was 0.37 ntu.. The magnitude of
all turbidity 'peaks is calculated as the difference between the peak
turkdidity, and the ambient, -or background turbidity which that filter
reaches and maintains later in tne filter run. o

.The‘ second turbi_dity peak is spike shaped. This peak was quite
' noticeab]._e during the spring and summer; and shrank as the flowrates
through the filter decreased. This peak ranged from 0.20 ntu to 1.0 ntu
in magnitude, averaging 0.55 ntu.

The thlrd turbldlty peak is large, in terme of duration and

: magm.tude. This turbidity peak averaged 4.9 hours in length and 0.60




Summary of Filter Runs at the Bozeman Water Treatment Plant

Experimental Results.

Table 10

Additions

Chemical

Plant
Effluent

Plant
Influent

(mg/L)

Date

Det. Time

Flow
Rate

Cl

Cationic Resld.

Polymer

of
Run

Filter

Run
Ho.

Influent
Td, (min)

to

(gpn/

(mg/L)

Bento-
nlte
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ntu

Temp.
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Table 10.

Run Filter

No. No.

21
22
23
24
25
26

27
28

29
30

Mean
Max imum

Minimum

Standard Deviation

Note:

AARMAADNDNRADRD

I gpm/aq ft

(Continued.)

Date
of
Run

11-06-86
11-16-86
11-19-86
12-16-86
12-23-86
12-27-86
1-14-87
1-17-87
1-23-87
1-26-87

Plant
Influent
Temp. pH Turb.
C ntu
2.0 6.9 0.75
2.0 7.0 0.85
2.0 6.7 2.20
2.0 7.0 0.60
1.0 6.6 0.88
1.0 7.0 0.87
1.0 6.5 0.65
0.0 6.4 0.83
1.0 6.5 0.62
1.0 6.8 1.20
5.6 6.6 2.81
13.0 7.3 7.90
0.0 6.1 0.60
4.2 0.3 2.6

- 2.44 m/h

Plant
Effluent
Temp. pH Turb.
-C ntu
3.0 6.7 0.24
2.0 7.0 0.2
2.0 6.4 0.28
2.0 6.8 0.16
1.0 6.2 0.21
10 6.4 0.13
1.0 6.4 0.08
0.0 6.1 0.09
1.0 6.4 0.12
1.0 6.6 0.13
5.6 6.5 0.25
13.0 7.2 0.67
0.0 6.0 0.08
41 0.4 021

Catlonlo Resld.

Chemical Additions
(mg/L)
Bento-
nlte Polymer
2.82 2.96
3.53 3.10
3-37 2.95
3.69 1.84
3.22 1.89
2.51 1.94
2.06 1.43
2.14 1.49
2.53 1.37
2.09 1.17
2.49 3.19
5.47 5.72
0.32 1.17

Cl

(mg/L) (g
(final) aq f©)
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Characteristic

Profile
0.7 ..
BWTP 6-4-86
0.6 .. Q =3.7 gpm/ft
05 ..
04 ..
Winter
Profile
01 hi BWTP 1-23-87
Q = 1.7 gpnm/ft2

Time After Backwash (min)

Figure 14. Characteristic BWTP Turbidity Profile Compared With the
BWTP Mid-Winter Turbidity Profile.
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ntu in magnitude. The filter effluent turbidity upon recovery from the
post backwash period averaged 0.25 ntu. |

_Figure 16, below, shows the turbidity profile at the BWIP duting the
winter. Flowrates were steady,.from 1.6 gpm/ft2 to 1.7 gom/ft2. From
the figure, the trend towards a dual peaked post backwash turbidity
profile is cbvious. The flrst peak occurs at about 1 minute into the
filter run, and the second, larger peak occurs about 25 minutes after
backwash. |

“Table 11 lists each filter run, with the three turbidity peaks
measured in terms of timeﬁét which the peak turbidity occurred, the

maximum turbidity at that time, and the length of the period over which

that peak occurred. Also included are the calcﬁlated detention times of

the backwash water remnants up to the wash water gutter (Tg) for each
flow rate (where Tg = V/Q).

Tt can be seeo that the time at which the third turbidity peak
occurs often is close to the calculated detention time through the
filter. Thus, the detention time can be used to calculate phen the
highest turbidity will be recorded in the post backwash period. Also,
this findipg tends to support the idea that the initial degradation of
the filter effluent is a function of the backwash water rémnants through
tho filter unit. On the other hand, the detention times indicate the
point at which the filter.effluent begins to originate from the filter
influent, rather than from the backwash watet remnants. Following this
line of thought, the largest peak in the initial degradation period is a

function of the influent water.
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Table 11. Turbidity Peaks From Bozeman Water Treatment Plant.
Experimental Results.

Date Peak 1 Peak 2 Peak 3
Run Filter of Flow Max - Max . i Max . Det. Time
No. No. Run Rate Time Turb. Duration Time Turb. Duratlon Time Turb. Duration to Influent.

(gpe/aq ft) (min) (ntu) (min) (min) (tu) (Min) (min) (ntu) (hr) Td. (min)

1 2 3-28-86 1.9 1.0 0.35 3.0 3.5 052 2.0 25 0.58 9.0 21.9
2 2 1-03-86 1.9 50 0.17 25 35 0.50 1.5 20  0.65 6.0 21.9
3 2 n-m-86 2.8 25 0.36 1.0 1.5 0.53 0.5 20 0.69 1.5 11.9
I F 1-29-86 2.7 25 0.36 1.0 5.0 0.72 2.0 10 0.56 1.0 '5.5
5 n  5-07-86 1.9 3-0  0.37 1.0 6.0 0.65 3.0 20 0.61 5.0 21.9 "7
3 n  6-01-86 3.5 3.0 0.32 35 1.5 0.78 1.5 7 0.75 8.0 11.9
M ik 603-86 3.6 2.0 0.37 1.0 5.0 0.67 3.0 1 0.67 1.0 11.6
5 if  6-01-86 3-7 2.0 0.31 1.0 5.0 0.65 2.0 13 0.61 8.0 11.3
6 if  6-11-86 3.7 1.0 0.35 3.5 1.5 0.75 1.5 10 0.61 2.0 113
7 n  6-1U-86 3.2 25 0.31 35 5.0 0.17 3-5 13 0.63 5.0 13.1
8 n  6-15-86 3.6 0.0 0.67 3.0 1.0 0.60 0.5 1 1.00 0.7 11.6
9 if  6-16-86 3.1 1.5 0.10 1.0 5.0 0.72 2.0 15 0.93 2.0 13.5
10 if  6-23-86 3-9 2.0 0.53 1.0 5.5 0.88 2.0 1 1.00 2.0 10.7
1 if  7-08-86 3.8 1.5 0.27 1.0 7.0 0.56 1.0 13 0.55 8.0 11.0
12 if  7-23-86 1.6 2.0 0.52 1.0 6.0 1.00 1.0 15 0.90 1.5 9.1
13 if  8-01-86 1.5 1.0 0.12 3.0 55 0.57 2.0 7 0.67 1.3 9.3
IH n  9-28-86 1.7 1.0 0.12 3.5 5.0 0.17 1.5 7  0.53 0.7 8.9
15 n  10-05-86 3.0 2.5 0.29 35 1.5 0.35 1.5 13 0.37 5.0 13.9
16 if 10-12-86 2.9 1.5 0.29 3.5 1.5 0.10 3.0 18 0.63" 5.0 11.1
17 if 10-22-86 3.0 1.5 0.33 1.0 1.5 0.68 3-5 25  0.65 7.0 13.9
18 if 10-21-86 3-0 1.5 0.31 35 1.5 0.57 1.0 19 0.51 7.0 13-9
19 | 11-01-86 3.3 1.5 0.30 1.0 5.0 0.15 3.0 21 0.56 1.0 12.7
20 n 11-01-86 3.1 1.5 0.38 1.0 5.0 0.50 1.0 21 0.55 5.0 13-5



Table 11 (Continued.)

Date Peak 1 Peak 2 Peak 3
Run Filter of Flow Max . Max . Max . Det. Time
No. No. Run Rate Time Turb. Duration Time Turb. Period Time Turb. Duration to Influent,

(gpm/aq ft) (min) (ntu) (min) (min) (ntu) (min) (min) (ntu) (hr) Td, (min)

21 11-06-86 3.2 1.5 0.no «1.0 5.0 0.58 3.5 22 0.59 8.0 13.1
22 K 11-16-86 3.2 1.5 0.112 4.0 5.0 0.59 3.5 14 0.68 7.0 13.1
23 U 11-19~86 3.0 1.5 0.H3 4.0 5.5 0.62 4.0 10 0.55 4.0 13.9
2H ] 12-16-86 3.0 2.0 0.36 3.5 5.0 0.59 4.0 13 0.44 7.0 13.9
25 H 12-23-86 3.0 1.5 0.31 3.5 4.0 0.31 3.0 14 0.36 3.0 13.9
26 U 12-27-86 3.9 1.5 0.28 4.0 5.0 0.59 4.0 21 0.42 1.0 10.7
27 H 1-111-87 1.7 1.5 0.3*1 3.5 4.0 0.20 1.0 30 0.47 8.0 24.6
28 H 1-17-86 1.6 1.0 0.30 3.5 4.0 0.21 1.0 25 0.38 8.0 26.1
29 | 1-23-87 1.6 1.5 0.2% 4.0 4.5 0.21 1.0 30 0.31 8.0 26.1
30 It 1-26-87 1.7 1.0 0.29 3.5 4.0 0.21 2.5 15 0.35 8.0 24.6
Mean - 3-1 1.8 0.37 3.7 4.8 0.55 2.5 16 0.60 4.9 14.9
Maximum - 4.7 5.0 0.67 4.0 7.0 1.00 4.0 30 1.00 9.0 26.1
Minimum - 1.0 0.0 0.24 2.5 3.5 0.20 0.5 7 0.31 0.7 8.9
Standard Deviation - 4.2 0.7 0.09 0.4 0.7 0.20 1.1 6 0.17 2.8 5.1
Filter No. 2

Mean 2.2 2.8 0.39 3.2 3.8 0.52 1.3 22 0.64 5.5 19.6

Filter No. 4
Mean - 3.2 1.7 0.36 3.7 4.9 0.56 2.6 16 0.60 4.8 14.4
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It can also’ be seen ffan this table that the two filters, fiiter #2,
and filter #4, have similar characteristics, in terms of turbidity peaks
during the posf backwash period_.

Filter runs #22 to #39 were considered winter season. Of these,
runs #22 to #26 exhibited ‘the "characteristic" post backwash turbidity
profile which occurred .during most of the year, while runs #27 to #30
had the lowe; turbidity profile, pictured in Figure ‘ 16. Referring to
Table 10, the influent water characteristics during runs‘ #22 ;co #26, and
#27 to #30 weré not dissimilar. Also, the weather recorded for these
days was average Bozeman 'winter weather. What then caused the
differences seen in the post 'backwa.sh turbidity characteristics? That
is, why would filter runs #22-#26 show the turbidity profile of the
‘balance of the .year, with three distinct turbidity peaks, while filter
runs #27-#30 show a flatter shaped dual peaked characteristic?

The 6nly major difference between these filter funs is the filter
flowrate. The: shapé of Jr_‘he turbidit‘;y profile for a newly backwaéhed
filter is dependent on the flowrate, all other paramef:ers_ considered
equal.

_ Table 12 breaks down the information of Table 11 by considering the
fiiter runs wit’t.l'similar turbid_ity profile shapes. Alsd, filter #2 and
filter #4 are considered separately. From this table Figures 17, ‘18- and
19 were drawn. These are théoretical, turbidity profiles for the BWIP,
based on information gathered in Table 12.

Table 13 is the same data, but broken down in terms of season.

Flowrates are highest in the summer, as, expected, and lowest in the




Table 12. Mean and Standard Deviation of Peak Turbidities
- By Shape of Profile.

09

- ) Peak 1 Peak 2 __ Peak 3
Run Filter Flow e Max. i Max. - ) Max. )
No. No. Rate - - Time Turb. Duration Time Turb. Duration Time Turb. Duration
(gpn/sq ft) (nin) (ntu) (min) (min) (ntu) (min) (min) (ntu) (hr)

1-3 -2

Mean . - 2.2 1.3 0.39 3.2 3.8 0.52 1.3 21.7  0.64 5.5
Standard Deviation = 0.5 1.0 0.07 0.76 0.56 0.02 0.76 .9 0.06 3.8
1-26 i

Mean < 3.4 1.7 0.38 3.75 5.02 0.60 2.8 .4 0.63 4.3
Standard Deviation = 0.6 0.65 0.09 0.32 0.64 0.15 1.05 5.1  0.17 2.6
27-30 y

Mean = 1.65 1.25 0.29 3.6 4.13 0.21 1.4 25.0 0.38 8.0
Standard Deviation = 0.06 0.29 0.04 0.25 .25 0.01 0.75 11 0.07 0.0
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Figure 17.

BWTP

Filter #2 Runs #1-3

Q = 2.2 gpm/ft2

Effluent Turbidity = 0.25 ntu

Mean and two Standard Deviations

Time After Backwash (min)

Mean Profile With Three Turbidity Peaks.
Filter Runs No.l to 3 on Filter No.2.
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Figure 18.

BWTP

Filter #4 Runs #1-26

Q = 3.4 gpm/ft2

Effluent Turbidity = 0.25 ntu

A Mean and two Standard Deviations

Time After Backwash (min)

Mean Profile With Three Turbidity Peaks.
Filter Runs No. | to 26 on Filter No.4.
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Figure 19.

BWTP

Filter #4 Runs #27-30

Q = 1.65 gpm/ft2

Effluent Turbidity = 0.15 ntu

Mean and two Standard Deviations

Time After Backwash (min)

Mean Profile With Three Turbidity Peaks.
Filter Runs No. 27 to 30 on Filter No.4.



Table 13. Mean and Standard Deviation of Peak Turbidities By Season.

¥9

. , _Peak 1 ' Peak 2 Peak 3

Run Filter . Flow o Max. ) Max. Max.

No. Nos. Rate Time Turb. Duration Time Turb. Duration Time Turb. Duration
: (gpm/sq ft) (min) (ntu) (min) (min) (ntu) (min) {min) (ntu) (hr)
Spring

1-3 & 1-8 -2-4

Mean = 3.0 1.81 0.38 3.5 4.6 0.62 1.9 14.5 0.67 4.6
"Standard Deviation = 0.76 1.03 0.10 0.52 0.74 0.1 0.97 5.7 0.12 3.0
Summer

9-14 - y

Mean L R 1.5 0.43 3.8 5.7 0.70 2.6 11.3 0.76 2.6
Standard Deviation = 0.62 0.45 0.09 0.42 0.75 0.21 1.1 .7‘- 0.21 2.7
Autumn .

15-21 y

Mean - 3.1 1.64 0.33 3.8 - 4.7 0.50 3.2 19.9 0.55 5.9
Standard Deviation = 0.14 0.38 . 0.04 0.27 0.27 0.11 0.86 3.8 0.09 1.5
Winter

22-30 y

Mean = 2.5 1.44  0.33 3.7 4.6 0.39 7 19.1 0.44 6.0
Standard Deviation = 0.87 0.30 0.06 0.26 0.58 0.20 1.3 7.7 0.12 2.6
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winter time. Overall,’ turbidities on all pedks are iowest for the
filter runs with the lowest flowrates, and higher with higher flowrates.

A trend can be seen, in that even with comparable flowrates, the
_spring and autum average peak turbidities differ. All peaks are higher
during the spring than during the fall.

During the spring and summer, the first turbidity peak averages 0.38
to 0.43 ntu. As the year pfogresses, the fall and Wintér characteristic
first peak averages 0.33 ntu in magnitude. It takes place at 1 to 2
minutes iﬁto the filter run.

The second t.urbidity "spike" is significant in the spriﬁg and
summer; 0.62 to 0.70 ntu. By fall it has _decreased in magnitude, and
occurs at 4 .to 5 minutes, The turbidities average 0.50 ntu iﬁ the féli,
and 0.39 in the win'ter.. The maximum turbidity recorded for this peak
during the fall and winter seasons was 0.68 ntu. In coﬁtfast ’ the
highest turbidity recqrded for this peak over the year took place in the
summer, and was 1.0 ntu. | - | a

"I‘he third turbidity peak occurs at 15 to 30 minutes, averaging 0.44
to 0.55 ntu, in fall and winter. -In the summer it falls at 11 to 15
- minutes, and is 0.67 to 0.76 ntu in magnitude.

The aiffering performance between the peak filter effluent
turbidities in the spring as opposéd to fall, under the same flowrates '
are most likely due to the differeﬁt raw water turbidities. :If
anything, ‘the 'éold water temperafures of the fall season should hinder

coagulation and removal of turbidity, which would ternd to produce a
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poorer quality effluent in the fall. Instead, the fall peak turbidities
are lower. |

Anothef fact which sﬁpports this idea is that the faster fiowrates
are associated with a quicker recovery by the filter from the high posf
backwash turbidities. There is a direct relationship between the length
of the filter ripen;ng periocd, and thé flowrate. For example, in Tabie
11, the flow rates on filter runé #12, 13 and 14 are some of the highest
recorded during this study. The length of the third turbidity peak for
these threekfilter runs is substantially below the annual average of 4.9
hours for this plant, at 1.5, 1.3, and 0.7 hours, respectiVely.

O'Melia and.Pdi's (1978) theory of aendrite.ﬁarticle cpllection
during filter ripening springs to mind. Their thgory would tend to
explain thé more xapid recovery of filters with higher flowrates. In
addition, this theory explains the quicker recovery of thé filter at the
Bozeman Water Treatment plant in'the spring, when turbidities ére high;
than in the autum, even under the same, or similar flowrates. Mére
-_particles are available to fqnn dendrites, and:thus, fo speed filter
recovery under conditions of; (15 higher raw water turbidities, and (2)

faster filter flowrates.

Helena WaterlTreatment~Plant'

-Data was colleéteﬂ on forty—threelfilfer runs at the HWIP (Table
14). Filter 'runs were divided info two groups, dependent on the modé of
initiating the'filter flow sfart up. The standard operating proéedure

at the HWTP ié‘to‘slowly put the filter back on'line, in incremental
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Table 14. (Continued.)

Plant Plant
Date Influent Effluent
Run Filter of
No. No. Run Temp. pH Turb. Temp. pH Turb.
C ntu C ntu

26 7 9-05-86 17 7-8 2.6 6 7.9 0.18
27 7 9-08-86 6 7.7 2.3 6 7.2 011
26 7 9-10-86 6 7.6 A0 15 7.9 0.20
29 7 9-13-66 16 6.0 3-9 15 7.2 0.12
30 7 9-17-66 15 7.9 3-9 IA. 7.3 0.16
< T 9-21-66 16 6.1 3.6 1A 7.9 0.17
32 7 9-23-86 15 8.2 3.9 13 7.9 0.16
33 7 10-1A-86 15 8.3 3-8 1 7.2 0.17
39 7 10-17-86 13 8.9 3-7 ] ] 7.2 0.12
35 7 10-26-66 13 8.7 37 10 7.3 0.17
36 7 12-19-86 6 8.5 1.6 A 7.5 0.17
37 7 12-30-66 6 8.9 1.6 A 7.3 0.18
38 7 1-09-87 6 8.2 1.9 A 7.2 0.13
39 7 1-19-67 6 8.A 1.8 A 73 0.17
AO 7 1-23-87 5 8.5 1.7 A 7.9 0.1A
Al 7 1-29-87 5 8.A 19 A 7.9 0.17

2 7 2-0A-87 5 8.2 1.6 5 7.2 0.15
93 7 2-09-87 6 8.3 1.7 5 7.2 0.12
Mean 12 6.0 3-0 11 7.9 0.15
Maximum 17 8.7 5.7 16 7.9 0.21
Minimum 5 7.9 1.6 A 7.1 0.10
Standard Deviation - 3.80.39 1.0 A 0.2 0.03

*PAC - Powdered Activated Carbon; *>PEC - Cationic Polymer
eNun Noa. IN and 15 are not Included In mean and standard

Chemical Additions
(mc/L)

Alum  PACa PECb PENO

11.3 7.6 0.99 022
27.7 26.0 0.65 .02
15.9 50.9 0.68 .022
15.2 55.0 0.70 .022
12.0 61.0 0.66 .02
12.9 67.0 0.69 .022

9.5 78.5 0.67 .022
31.9 98.0 0.66 .022
31.9 108.3 0.63 .02
32.9 9.6 0.65 .022
12.5 7.2 0.62 .022
19.2 6.9 0.63 .022
19.6 6.3 0.62 .022
15.1 3.5 0.66 .022
16.5 9.1 0.67 .02
132 7.6 0.67 .02
19.7 3.9 0.65 .022
136 5.2 0.59 .02

13-6 17.6 0.78 .020
32-9 108.3 1.09 .022

7.5 0.0 0.57 .015
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flow rate steps (Table 15). ) Othér -filter runs were begun in a
"non—inc'rémental" mode, in order to compare the filter' runs with the
BWTPl (Table 16). Figﬁre 20 shows the contrast‘ in turbidity profiles
between a filter started incrementally and ‘non—'incrementa'lly after a
backwash.

_ T‘wd filter runs, "#14 and 15, were averaged separately, both in £he
master table for the HWIP, (Table 13), and in Table 15, the non-
incremental start ‘up group of filter runs. This was aone because these
filteJ‘: runs were conducted at filter flowrates higher and lower than ahy
other runs conducted. Both of these runs‘ should rbe considered
unrepresentative of f_he operating filters ét the HWIP. Filter runs #13,
14 and i5 were made on the same day, 7-18—86.. The first backwash and
filter run, #13 was made at 2.6 gﬁn/ftz. The filter run was 4.0 hours.
At this time the filter was backwashed ac_:}ai‘n. The next filter run, #14,
was conducted at 3.8 gpm/ftz-_, and lasted only 75 minutes. ‘The peak
turbidity reached was 2.0 ntu. This is pfobably a reasonable peak
turbidit'y for this flowrate, much higher than is normally utilized at
this plant. The third filter :}{m for the .day, run #15, was conducted at
1.3 gpm/ft2.  The peak filter effluent turbidity was 7.4 ntu, quite a
bit higher than the average peak turbidity of 0.28 ntu at 2.5 gpm/ ££21
This filter run lasted only 50 minutes.

The HWIP characteristic tuibidity .profile for non—incremenfal post
backwash start up remained much the same for the duraﬁion of the year.
This ;Ls due to ~the fairly constant flowrates -nlaintaihea at -this water

treatment faciiity. From Figure 21 ,. below, it is obvious that ‘this




Table 15.
Date
Run of
No. Run

13s 7-18-86
e 7-18-86
15 7-18-86
16 8-05-86
23 8-29-86
i 8-30-86
25 9-03-86
26 9-05-86
27 9-08-86
28 9-10-86
29 9-13-86
30 9-17-86
AN 9-21-86
32 9-23-86
33 10-1ti-86
aa 10-17-86
3 10-28-86
36 12-19-86
37 12-30-86
38 1-09-87
39 1-19-87
w0 1-23-87
tl 1-29-87
w 2-0ti-87
13 2-09-87
Mean

Max i mum
Minimum
Standard
Deviation
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Turbidity Peaks at Helena Water Treatment Plant
Incremental Start Up.

Flow
Rate

(gp/sq
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2.8

1.9

0.3

Peak 1

Time Turb.
v (min) ()

0.20
0.ao
0.26
0.25
0.25
0.18

0.15
0.28
0.27
0.2t

0.36
0.27
0.29
0.22
0.23
0.19
0.26
0.18

0.16

0.21

0.23
0.23
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0.22
0.26

ogRoN
boow

N =
ObOUNIUIOOOODOOOOO0OOOOOO
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a3 0.23
7.0 0.36

1.0 0.15

1.9 0.05

eRun Noa. M and 15 are not included
calculations.

Dura-
tion Time
(min) (Min)
8.0 9.0
12.0 20.0
a0 18.5
5.0 8.0
6.0 13.0
11.0 25.0
10.0 20.0
8.0 20.0
8.0 20.0
8.0 15.0
6.0 10.0
8.0 12.0
6.0 12.0
7.0 17.0
9.0 12.0
9.0 16.0
5.0 17.0
7.0 11.3
6.5 18.0
a5 10.0
5.0 12.0
3.0 6.0
5.0 10.0
a0 6.0
9.0 16.0
6.9 13.7
11.0 25.0
3-0 6.0
2.0 a9
In mean and

Peak 2
Dura- Det. Time
Turb. tion t Influent,

() () Td, (min)
0.t ao 8.6
2.00 1.3 5.9
7.0 0.8 17.3
0.29 a0 8.6
0.28 3.0 8.6
0.18 a0 11.8
0.19 a0 11.8
0.33 0.8 8.0
0.31 3-0 11.8
0.28 3.0 8.6
0.32 a0 9.8
0.28 0.8 9.8
0.38 a0 9.8
0.39 a0 10.7
0.23 2.0 8.6
0.19 2.0 8.6
0.31 2.0 8.6
0.28 a0 8.6
0.21 0.8 8.6
0.28 a0 8.6
0.25 a0 8.6
0.22 a0 8.6
0.31 2.0 8.6
0.30 a0 8.6
0.23 a0 8.6
0.28 3.1 9.2
0.t a0 11.8
0.18 0.8 8.0
0.06 1.2 1.2

standard deviation
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Table 16. Turbidity Peaks at Helena Water Treatment Plant
Non-Increnental Start Up.

Date Flow Duration of Turbidity Peak
Run of Rate Incremental Det. Time
No. Run Reached Startup Time Turb. Duration to Influent,
(gpm/aq fE) (min) (min) (ntu) (Glp) Td, (min)
| 5-15-86 1.4 n 15 0.30 0.5 16.0
2 5-20-86 2.0 0 25 0.39 0.5 n .2
3 5-2M-86 2.0 60 25 0.31 1.0 11.2
U 5-27-86 2.8 12 30 0.29 1.0 8.0
5 5-29-86 1.9 12 25 0.33 1.0 1.8
6 6-04-86 2.8 n 19 0.27 1.0 8.0
7 6-06-86 1.9 12 5 0.27 1.0 11.8
8 6-09-86 2.8 13 16 0.17 1.0 8.0
9 6-11-86 2.6 16 0 0.31 1.0 8.6
10 6-12-86 2.2 60 24 0.29 1.0 10.2
11 6-17-86 2.3 10 17 0.29 1.0 9.8
12 6-18-86 2.8 n 15 0.26 0.8 8.0
17 8-21-86 2.6 19 5 0.29 1.0 8.6
8-23-86 2.6 25 16 0.22 1.0 8.6
19 8-25-86 2.6 16 17 0.21 1.0 8.6
20 8-26-86 2.6 19 19 0.18 1.0 8.6
21 8-28-86 2.0 3 17 0.38 1.0 11.2
22 8-29-86 2.6 16 16 0.43 1.0 8.6
Mean - 2.4 20 17 0.29 0.9 9.8
Maximum 2.8 60 30 0.43 1.0 16.0
Minimum 14 3 0 0.18 0.5 8.0
Standard

Deviation - 0.4 16 8 0.06 10.0 2.1



Turbidity ()

INCREMENTAL OPENING SCHEDULE

TIME (minutes)  FLOWRATE (mgd)

Oto 3 0.2
3to5 0.4
5to7 0.6
7t09 0.8
9to 11 1.0
11 on 11

HWTP 7-18-86

Q = 2.6 gpm/ft2

| Filter 7 instantaneous opening

HWTP 6-9-86 ?
Q = 2.8 gpm/ft Filter 7 incremental opening

4-
40 60 >> 3 hr 5 hr

Time After Backwash (min)

Figure 20. Contrast in Turbidity Profiles Between Incremental vs.
Instantaneous Start Up of Filtration.
Helena Water Treatment Plant.
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plant has a much different turbidity profile that the BWIP for the post
backwash period.

The firét peak in turbidity generally occurs at 3 to 5 minutes.
This turbidity~increase (it can hardly be called a péak),‘averages 0.23
ntu. The second, larger turbidity peak resembles fhe BWIP's third
tﬁrbidity peak, and averages 0.28 ntu'é, oécurrimg'about 14 minutes
following backwash. It is also hotable that the calculated detention
times for the non-incremental startup at the HWTP are not as accurate an
estimate of the time at which the peak turbidity will occur, as they are
for the BWIP. Some of the detention times:are very ciose fo the time at
which the peak turbidity occurs, but some are quite different. Since
the HWIP does not exhibit peak turbidities as striking as does the BWIP,
this non—corrgspondence with detention times is not wmexplained. Also,
the nature of grab samples, in‘te:ms of a gmall volume sample being
colleqbai to represent a lérge volume, at one instant, mayAcause the
_accuracy not to be-as high as for a continuous sample.

From these turbidities,Ait can. be surmised that, even with an abrupt
startup, the HWIP tumtidities remain low during the post backwash
period. ILeonard Willett, supervisor at the HWIP, has mentigned that the
nori~-ionic polymer is added to the raw water as a filter aid,
specifically to.maintain low postfbackwash‘turbidities. The.polymer wés
in use during all.of thg filtef runs ébserwai for this study, so the
relationship between non-ionic. polymer and post backwash tu:bidity

A magnitudes was not tested here.




HWTP 12-19-86
Q = 2.6 gpm/ft2

Time After Backwash (min)

Figure 21. Characteristic Turbidity Profile for Helena
Water Treatment Plant.
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A theoretical, Qr,compoéite ﬁost backwash turbidity p&ofile was |
proauced fran.tﬁe daﬁé in Table 12‘(Figure 22).‘ The mean recovery time
for the filters at the HWTP was 571 hours to feach a filter effiuent
turbidity of 0.15 ntu. | |

It is hard to Compané the BWIP and HWTPApost.kackwash turbidity
profiles, due to the myriad bf varigbles involved. It.is cbvious,
ho&ever, that.‘Uﬁe HMT? maintains lower turbiditiés during the post
backwash portion of the filter run; ‘All of the basic causes for these
lower turbidities caﬁnotlbe,proven conclusively. Howéver, two factors
which do contribute to the 1owér turbidities are; (1) lower raw water
turbiditiés, and (2) lower filter flow rates. .

The ideal raw water tﬁrbidities for minimizing post backwash
turbidities aré‘stéble, and fairly low. The mean raw water turbidities
for the BWIP and thé HWIP are 2.8 and 3.0 ntu, respectively. But the
standard deviéfiopé about those means are 2.6 and 1.0, reépectivély. A
more constant infiuent turbidity probably helps to maintain low filter
effluent turbidities. Even though more ﬁarticles.in the filter'influent
may help form dendrites, and speéd the'filter ripening, turbidify spikes.
probably do not enhance this effect.. |

" The'efféct éf flowrate upon the fiiter is best iliustrated by fhe

difference, at Ehe.BWTP, in;the'poét backwash tﬁrbidity profile between
' the crofile at 4.5 gom/£t2 and the mid-winter profile at flowrates of
1.7 ggn/ftz. The BWTP turbidity pmofile during the low filter flowrates
ié strikingly similar to thét of thé HWIP, whereas, during the balance

.of the year it is entirely dissimilar (Figure 23).. In addition, the raw




Turbidity (nitu)

Figure 22.

HWTP

Filler #4 Non-Incremenlal Filter Runs
Q = 2.3 gpm/fl2
Ettluent Turbidity = 0.15 ntu

Mean and two Standard Deviations

Time After Backwash (min)

Mean Profile With Two Turbidity Peaks.
Filter Runs No. 13 to 43.
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Characteristic
Profile

Winter
Profile

BWTP 11-4-86,
Q- 3.1 gpm/ft*

BWTP 1-17-87
Q - 1.6 gpmrtt®

Characteristic HWTP 1-9-87
Profile r Q - 2.6 gpm/ft
D it D
Time After Backwash (min)
Figure 23. Similarities Between Bozeman and Helena Turbidity

Profiles During Low Filtration Rates.
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water turbidities Grop dramatically from summer to winter. at the BWIP. -
In the winter, the raw water turbidity generaily stays below 1.0 ntu.

~The HWTP raw water turbidities are constant, year round; near 2 ntu.

Tracer Studies

Tracer studies were conducted at the BWIP in order to determine: (1)
the origin of the turbidity peaks, aﬁa (2) why the BWTP exhibited three
turbidity peaks, while thé ﬁWTP showed a dual peak characteristic.

After considering various strategies, a fluoride tracer was decided
upon. The»major problem was that in a municipal watér.treahmﬂﬁ:
facility, dye cannot be adaéd‘as a traper, as would be done in a pi;ot
plant scélé study. The fluoride tracer is perhaps not as accurate as a
d&e tracer, due to: (1) background fluoride levels must be accounted
for, and (2) fluoride, in the powdered NajSiFg form is cumbérsome to
use.

During"Uia'course of this study, background fluoride levels were
" between 0.20 and 0.01 mg/L. The background levels were va;iable within
tﬂe course of a fiiter run. This variability was offset duriné the
fluoride tracer.studies by using as high a concentration of fluoride as.
possible in the tracer, and by using a pump which couiﬂ inject the
fluoridg into the influent at a high enough rate.

The ﬁowdered fluoride form used for the fracer solution was
cumbersome. This is mainly due to the ionic composition'(59f5% F7) and
grade (98% purity). Also, temperatures.wdthin the water tfeatment

facility near the filters was between 2 and 10 degrees centigrade,’
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Adépending on the season. . Tﬁe éblubility of the NasSiFg is dependent on~
i temperature,land it did not dissolve well af the temperatures under
which'we were operating. Thus, the volume rEqui;ed for the tracer was
enormous, and the tracer was generally stopped after‘30 to 90 minutes
into the filter run, because of the logistics of how much tracer
solution could be handled. However, these problems Wefe overcome (after
a few trials and errors!), and several good fluoride tracgr studies were
completed. Four tracer studies were‘conducted,‘three of which ?rovided
information abogt.the operation of the filter. The first fluoride did
not provide any information, due,to,tréubles in achieving and
maintaiﬁiﬁg a high traéer conéentration in the influent. =

Figure 24 illusfrates'the fluoride tracer runs. The three
turbidity peaks can be seen. The trécer solution "was added to the
‘influent, immediately upon the influent valve to the filter opening
after backwash. Fluoride concentrations ip the filter effluent are
expressed as a_ percent of fotal.

The trécer marks the influéﬁt, as opposed to the backwash water
remnants. .If can bé seen that the third turbidity peak is due to the
filter influent. The estimated plug flow deténtion time of the backwash
wéter remnants for this particular flowrate is 13.9 minqtes. The
appearance 6f the fluoride coﬁplementé this-calcuiation nicely. Also,
the first and second Eurbidity peaks are ciearly shown to be associated

"with the backwash water remnants.
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Figure 24.
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Hoping to isolate one of the -two remaining turbidity peaks, a;
"reverse' tracer was utilized. The BWTP does not prechlorinate the
filter influent. Thus, after a backwash, the filteJ_:; effluent shogld
show a chlorine residual as the backwash water remnants are filtered.
- Four® filter runs were analyzed for the presence of chlorine in the
filter effluent after a-backwasﬂ. Figure 25 illustrates one of these.

The backwash water remnants are definitely associated with the first
turbidity peak. The graph also shows the influent mixing and dispersion
which occurs as the influent water meets the backwash remnants above the
media. The second spike shaped turbidity peak is not associated witﬁ
the backwash water r'emnants, except in terms of mixing. It is also
‘worthwhile to note that the calculated detention time for this filter

run was 10.7 minutes, almost exaci:ly what is seen in Figure 25. .

The question then remained, what is the source of the second

turbidity "spike'" at the BWTP? Alsd,, why does it disappear at lpwer
| flow rates éo that the BWTP turbidity profiles come to resemble the HWIP
turbidity profiles? In . all past studies‘oniy two peaks in the ripening
'period have been shown. One correspords to the béckwash remnants and
the second at theﬂ interface between tile remant above the filter and the
influent water. Therefore, the turbidity "spike" (the second peak at

the BWIP) is probably system specific to the Bozeman Treatment Plant.

The second turbidity peak at the BWTP is caused by the clbsing of
the filter-to-waste valve, and the opening of the valve which directs

the effluent to the clear well. This is supported by these facts:
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Figure 25. Residual Chlorine Tracer Compared With Turbidity Profile.
Bozeman Water Treatment Plant.
Filter detention time = 10.7 min.
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1. - The second turbidity. peak occurs at almost exactly 4 to 5
minutes. The turbidity‘ peak can actually be seen, if a continuous
monitoring device is used to measure the effluenﬁ tufﬁidity._ The

filter-to-waste valve closes at 4.0 minutes after backwash. " The clear

well valve opens 100% at about 4.25 minutes, then partially closes to

accammodate the effluent flow. At this time the filter effluent
turbidities begin to rise. The turbidities usually rise extremeiy

quickly, so that within 30 seconds or so the peak has been reached.

2. The maximum turbidity which is reached -is proportional to the

flowrate at whiéh- the filtef is operating. As lower flow rates are used
during the winter months, Ehe turbidity spike disappears. The suddén
closing and opening of the fi}tef—to—waste and clear well valvés produce.
a much smaller rate change when the filter operates at a lowef fiow
rate. It is well known that sudden, large rate changes (Cleasby, ef
al., 1963) can cause a filter to produce turbidity spikes in the filter

effluent. Thus, both water treatment plants exhibited a dual peaked

post backwash turbidity characteristic. The first turbidity peak is a

~ function of Ithe bz-;lckwas'h water remnants. The second peak is la.rgely due
to the iﬁfluént water, and the. period and magnitude of this peak is a
finction of both flow rate and raw water turbidity. o »
The findings from this study complement Cranston's (1987) "filter
ripening sequence" theory. .The three steps of hlS theory are supported
by evidence éathered herein. |
I. The remnant stage. The remnant stage is as_sociated wif_h the

backwash water remnants within the underdrains,’ within the media, and
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. above the media, up to the backwash gutter. The first turbidity peak at
both the BWIP and the HWTP increases in turbidity as a function of the
flowrate at which the filter is put bdck on line (Refer to Tables 11 and
15). Cranston states that this peak of turbidity is caused either- by
particles sheared off the media at the keginnimg of the filtration
cycle, or at the end of backwash as the media rérticles collide gdth
each other. Although he did not observe this_turbidity peak within the
pilot plant data he collected, Cranston based his assertion on data
gathered by thislauthor at the BWTP and the HWTP.

The HWIP uses an incremental shut down of the backwash water flow
rate, and this planf'also does have lower initial turbidity peaks than
the BWTP. However, the relationship between these two variables cannot
be directly related based on the work of this study.

A relationship which can be substantiated, though, is that if a
filter is put back on line at the full filter flow rate, the initial
turbidity peak is directly related to that flow rate. As mentioned

’above, tﬁe filter flow ;ate at which a filter is started immediately
foliowing backwash is proportional to the turbidity peak.‘ This is a
good argument fér'the incremental start up of a filter after a backwash.

Also, at the BWIP, the spike shaped second turbidity peak is not a
function of the filter itself; rather, it is a pméduct of the closing of
the filter-to-waste valve and opening of the clear well valve, and the
flow rate at which the filter is operating. Siﬂce the magnitude of Ehis

| peak is related to the filter flow rate, it follows that the ﬁechanism

by which the turbidities are produced are the shearing of particles from
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the filter media upon the opening of the clear well valve. 'This
‘;:urbidity pea.k is pfoduced by the sudden rate changes on an operating
filter. - o

IT. Influent mixing and partiéle stabiiization stégé. This stage is.
a function of the influent water and the_ third backwash rerﬁnant. As the
inflﬁent water dispefses into the backwash water remmant above tiﬁ.e
filter media, the influent flocs become i)artially stabilized, due to the
non-flocculated backwash water remnants. The "weakened" (in terms of
particle destabilization) flocs pass through the filter media.

The last turbidity peak evidenced at both watér treatment plants is
associatéd with this .stage. The concurrence of the calculated detent';i-dn,
times with the highest turbidity reéorded for thg filter run is -evidenqe
for this mechanism. The détention time 'gi\_'7es the approximate travel
' 'timg of the boundary between the influent water and the backwash water
remnants above the filter through the filter unit.

Additionally, the -fluoride tracer studies support this theory. The
apbearance of the peak turbidity occurs with the appearance of thg
tracer fluoride in the ~éffluent.

ITI. Filter media conditioning stage. This refers to the portion of
the bost backWaéh period in which the turbidities slowiy improve. In
this sfcudy; O'&Ie_lia and Ali's dendrite and particle accumulation theory
seems ‘to ‘.hold'. At simila;: flow rates, the water with the hfghér
turbidities has a shorter recovery peribd from the ini‘;ial degradation

of the filter run. With sSimilar influent turbidities, the filter with

o
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higher flow rates will recover more quickly. Both of these findings

support the dendrite theory.

" Particulate Analysis
A particulate analysis was done on raw water and on the filter
effluent at the BWTP to determine the potential for Giardia c?st
transmissioﬁAduiing the initial stages of filtration. The analysis was
done by Ms. Donna Howell, at the Montana Department of Health and

Environmental Sciences, Water Quality Bureau.
Four separate samples were taken;.raw weter, and three filter
effluent samples over time-as the filter run progressed. The efflueht

samples were taken on the following schedule:

Sample #1 0 to 7.5 minutes after backwash
Sample #2 8.5 to 60 minutes after backwash

Sample #3 : : 60 to 120 minutes after backwash

The raw water enalysis revealed a largevspectrum of particle sizes
present No Glardla cysts were detected. There were "...sufficient
organlsms the size of Giardia cysts to determine the efflclency of
cyst-sized partlcle removal."

- Sample #1 showed éoed removal of debris, although'a moderate amount
of diatoms were present. The diatoms were Giardia sized. Sample #2 was
very clean. Some,diatoﬁs were present, but were rare. Sample.#3 showed
excellent.rempval of all debris. This sample'was sigﬁificantly cieener
than samples 1 or 2. | A .

Figure 26 1is the turbldlty profile for the fllter run which was

analyzed for particulates. Sample #1 includes the first turbidity peak,




Turbidity ()

BWTP 11-6-86
Q = 3.2 gpm/ft2
Particulate Analysis Run

10T
09 —
o.a —
0.7

0.6 ..

Sample Sample Sample
#1 #3
Time After Backwash (min)

Figure 26. Sampling Times For Particulate Analysis.
Bozeman Water Treatment Plant.
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as well as thélturbidity spike associated with fhe filter-to-waste and
clear well valves' respective éioéing and opening. Sample #2 includes
the second turbidity peak. Sample #3 includes filter effluent only up
to two hours into the filter runm. From‘Figure 26 it can be seen that
the effluent turbi(élities at this point are still quite high; 0.40 ntu. .

The results of this particulate analysis agree.with all the
-literature presented in Chaptér'B. Firstly, the decrease in efflﬁent
turbiditf during the,post'backwash period has been éssociated in pilot
écale studies, with an accompanying decrease in Giardia cyst numbers
(Logsdon and Rice, 1985; Al-Ani, et al., 1984).

Secondly, Logsdon, et al. (1985) reported that the Giardia cyst
concentrations méylbe higher than gsual during the first portion of a
filter run. The cyst-sized particles in‘the-fiiter effluent during the
BWITP particﬁlate study seem to indicate similar results. Eﬁen thbugh no
cyéts were found, the potentidl-for the trénsmission of Giardia through
the filter is iargest during the initial stage of the filter run.

Thirdly, seﬁéral studies have oorrelated particulate counté With
tufbidity (McCoy and Olson, 5986; ﬁgiily and Kippin, 1984; O'Connor, et
al., 1984). This analysis at the BWIP seems to agree with their
findings. | ‘ '

More extensive research Sh particulate analysis and plant scale
studies with non-viable -Giardia _cysts ard cyst—sized particles. ére

necessary for generating firm conclusions.
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" Bacterial Counts

Both heterotrophic plate counts and total coliforms were

enumerated. A trend was seen relating filter effluent turbidities with

total coliforms. Heterptfophic plate counts did not show a trend

related to turbidity. Chlorinated backwash water played a large role in

the numbers of bacteria present in the filter effluent. Raw water .

bacterial counts varied, and were influenced by seasonal and

environmental factors.

Seasonal Variations

Table 17, below, lists all filter runs at both water treatmeﬁt;

- plants from which bacterial counts were made. Also included are raw

water parameters, and a ratlo of heterotrophlc counts to total coliforms

for each filter run. The table shows several trends:

1. The BWTP has the highest heterotrophic plate counts (HPC) in the

springtime and summer, lower counts in the fall “and somewhat hlgher.

counts again in the winter.
2. The total coliform counts (TC) increase over the year, from

springtime to winter.

3.  The ratio of HPC/TC is highest in the ‘-epring, and decreases through -

the seasons, to reach the lowest ratio in the winter.

4, The HWIP ‘.shows an HPC trend of. high eummer numbers, even higher
‘counts in the fall, and falling numbers through the wi1"1ter. Potaésium
permanganate ‘(KMn'O4‘) vas added at the HWIP during runs #33, 34 and 35

due to taste and odor problems and high .algai counts. The concentration




Table 17. Bacterial

Date
Run of
No. Run

Bozeman Water Treatment Plant

| 03-28-86
M 05-0tt-86
8 06-15-86
10 06-23-86
1 07-08-86
RE 09-23-86
15 10 05-86
16 10-12-86
18 10-21-86
19 11-01-86
22 11-16-86
23 11-19-86
27 01-11-87
30 01-26-87
Mean
Standard
Deviation -

Counts and Raw Water

Standard Rarametera

Turb.
(ntu)
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Paramenters

Total
Conforms
Per 100 mL

110
18
21
15

275
318

331
302
517
382
256

209.9

150.7

e Quality

Microbiological

HPC
Per mL

290
950
215

530
80
67

157
210

238
191

16
279.8

219.9

Parametera

HPC
Per 100 mL

29000
95000
21500
35000
53000

8000

6700
15700
21000
23800
19100

1600

Ratio of
HPC : TC
Per 100 mL

1208.3
2111.1
202.5
111.3
192.7
25.2
20.1
52.0
10.6
62.3
75.8
38.0



Table 17. (Continued.)

Raw Water Quality

Standard Parameters Microbiological Parameters
Date Total HPC HPC Ratio of

Run of Turb. Temp. PH Conforms Per mL Per 100 mL HPC : TC
No. Run (ntw) «© Per 100 mL Per 100 mL
Helena Water Treatment Plant
13 07-18-86 5.0 14 8.3 0.3 243 24300 81000.0
16 08-05-86 2.5 14 7.8 13 353 36300 2715.5
23 08-29-86 2.1 16 7.4 | 250 25000 25000.0
33 10-14-86 3.8 15 8.3 17 3000 300000 17647.1
% 10-17-86 3.7 13 8.4 2100 1619 161900 77.1
35 10-28-86 3.7 13 8.7 23 213 21300 926.1
36 12-19-86 3.7 13 8.5 23 101 10100 439.1
37 12-30-86 1.6 6 8.4 0 127 12700 -
33 01-09-87 1.9 6 8.2 12 55 5500 458.3
39 01-19-87 1.8 6 8.4 14 58 5800 414.3
Mean - 3 11.6 8.2 220.3 601.9
Standard

n - 1.1 I 0.4 660.5 961.6
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of KMnOy was 2.75 mg/L .for runs #33 and 34, and was 1.00 mg/l for run
#35. Runs #33 and #34 exhibit very high HPC's and run# 34 shows an
extremely high TC cbunt during this period of high taste and odor.
5. Total coliform numbers at the HWIP were lowest in fhe sunmer, rose
‘in the fall and early winter, and then were lower again in mid-winter.
6. The HPC/TC ratio at the HWTP was sporadic. Howéver, a
generalization is that the ratio is highest in the beginning of the
summer, and decreaées as the year goes on.

The two plants' raw water sources are very different. Average
turbiaity7 temperature, and pH of these waters are dissimilar. Howevef,
a general trend is that; (1) HPC is highest in the spring and early
sunmmer, decreasifg-as—the yéar passes, (2) TC's are lowest in the early
part of the year, and increase over the seasons, and (3) the HPC/TC
ratio is greatest in the early part of the year, and decreases.as the
year goes by. |

Environmental féctors play a largelrole in the injury, and'
subsequent enumeration of organisms. (LeChevallier and MgFeters; 1985).
The HWTP's raw water source has more opportunities for injury to
. organisms, therefore, it is .not surprising that the'total coliform
counts for this plant are much lower than for the BWIP. The reservoir
probably plays a large rolé in the'injury to the coliforms and in the
heterotrophic bacterial numbérs; .

Firét, the reservoir's detention time is highly Qariable, dépending
on the irrigation needs of the Helena Valley farmlands. Coliform

viability, and thus detection, is limited to about one week outside its
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source (the intestinal tract of animals). Duriﬁg periocds of low water
use by irrigators, the detention time in the reservpir would increase,
" causing the coliform couni-;s to decrease.q Also, as the détention time of
the reservoir _increases, the heterotfophic o'rganismé_ may multiply. High
HPC's (500-100/mL) may cause the coliform _counts to ‘be lower
»(L.eChevallier and McFeters, 1985).

Secondly, the reservoir is a relatively warm raw water source for
the HWIP. - This fact, combined with the nutrients available in the
reservoir, intensify the heterétrophic bacter:j.al growth rate.

Thirdly, prechlorination of the water as it enters the water
treatment facility enhances the inj:ury‘ to the organisms. It is safe to
assume that there could be some effect upon bacterial counts during the
times when the HWIP must treat “the water with KMnO4. The author would
tend to assume. a negative. effect on the bacterial counts upon the
addition of the potassium permanganate. However, the three bacterial
counts made during applicatJ:.on ‘of this chemical seemed to indicate the
opposite 'effect.. |

The Bozeman Water Treatment Plant, on the other hand, can expect
fewer injured organisms. The raw water soufces' are cold running
streams, which travel from the source to the water tréatment plant. in
only 2 to 3 hours. IImportantly , the raw water is not prechlorina_tted.

As a matter of fact, the_ coliform counts were higher at the léWTP.
In addition, the counts of both HPC and TC's were less variable at the
BWTP than those of the HWTP. Without examining each treatment plant's

specific raw water sources, and investigating all the variables
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associated with them, the exact ‘reaéon for these olifferences are
unknown. However, when the ‘soufces are oompared in terms of opportunity
for injury to the bacteria, it logically follows that: - |
1. The HWTP's HPC and TC counto will vary greatly over the course of the
year, even within seasons. |
.2 The BWIP will have hlgher collform counts than the HWIP,
3. The BWIP bacterial counts w1ll be less varlable than the HWIP's.
4, The HWTP will have higher HPC counts than the BWIP.

These logical deductions are borme out with the available data.

Total Coliforms | o o .

Total coliforms were enumerated on MI-7 and m-Endo media. MI-7 gave
consistently higher counts during the post baokWash periocd. The la;gest
difference in counts yielded on MT-7 as compared to m-Endo was ]51 times
at the HWIP, and 58.6 times at the BWTP. The average difference was 4.8
times higher counts on MT-7 than on m-Endo at the BWIP, and 12.8 times
higher at the HWTP. |

Figpr_es 27 through 32 illustrate repre;sentative total coliform
analyses made at both the BWIP and the HWIP. The balance of the
coliform analysés can be seen in the Appendix below. Total coliform
counts are shown on both MT-7 and m—Endo.a'gai: , along with turbidity vs
time after backwash. . ‘ |

The goneral. trend was that 'the‘ MT-7 aoar yielded higher counts than
. m_—Endo through the filtration of _the backwash water remnants. Often ’

samples on m-Endo agar would exhibit no growth until the one filter
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Figure 27. Total and Injured Coliform Levels During Initial Filtration.

Bozeman Water Treatment Plant.
Filter detention time = 11.6 min.
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Figure 28. Total and Injured Coliform Levels During Initial Filtration.

Bozeman Water Treatment Plant.
Filter detention time = 11.0 min.
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Figure 29. Total and Injured Coliform Levels During Initial Filtration.
Bozeman Water Treatment Plant.
Filter detention time = 13.1 min.
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Figure 30. Total and Injured Colifom Levels During Initial Filtration.

Missouri River Water Treatment Plant, Helena.
Filter detention time = 8.6 min.
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Total and Injured Colifom Levels During Initial Filtration.
Missouri River Water Treatment Plant, Helena.
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detention time into the filtér run. The obvious causé is chlofine inﬁury
to the coliforms associated with the backwash water remnants. Once the
filter began to filter the influent, the couritg were usually similar.
‘ Over the sample period, 0 minutes to 4 hours after backwash,_ bacteriai
counts were lower during the initial filter effluént degradation period,
and would rise to a semi-constant level after 60 minutés to 2 hours
foilowing backwash.

The highest coliform counts during the filtration of the backwash
water remnants occurred at the point when the filter-to-waste valve
closed and' the clear ,.weil valve opened, ie. the time of the tﬁrbiditjw
spike, ‘in the BWIP. At both water treatment plants, high Icoliforn'i.
counts‘ occurred at the beginningi of filtration of in'f-luent‘, ie. one
detention time after backwash, or occas_i'onally; at O minutes aft_er
backwash, _ie. upon the opening of the filter effluent valve.
| Two filter _ruﬁs at ‘the HWTP yielded no coliforfms ‘fat any of the
sample timés (Figure 31 and see the Apﬁendi}c)_. These filter runs
received the highest dosages of KmnOyg recorded. for this study: 2.75
mg/L. PAC and algm concentrations were also ‘higher than avefage on
those déys. _ Other. than that, there are no other ‘unusual pérameters.
. The filter run -pictured in Fig'uré 30 is fairly average in all the
parameters recorded. It is :not clear why no coliforms were detectéd in
the filtrate for the filter run in Figure 31 and the filter run of 10-
17-86, pictured in the Apperidix‘, 'espeéially_since the influent coliform

counts were 17/100 mL and 21 Od/1 00 mL, respectively. The count of
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2100/100 mL. is strange., and is suspect. "I‘he heterotrophic plafe count
for that influent was 1619/mL (Table 17). |

,Hicjh coiifdrrri courits have _been reported to occur immediately
folJ.owing a backwésh, and to be relatéd to turbidity in» sﬁudies carried A
out with pil.ot scaleA filters. The data gathered here indicate that this
may be frue in a full scale plant arlso, but the relationship is
distorted due to the effects éf éhlorinated backwash water. Assuming
that the coliforms present in the filtrate associated with the backwash
remants were accumulated in thé filter media dqi'ing the previousl filter_
run (that is, that they did nof ofiginate from the backwasﬁ water
itself), and if they remained within the‘ filter bed during the en‘;iré‘
backwash cycle, then they would have been exposed to chlorine fc;r ‘a
minimum of twenty minutes. Also, if the same coliforms were assbciated
with the backwash water remnants rémaining above the filter bed after
the backwash, they would _appeér in the filter effluent near the one
detention time mark. Thus, to be enumerated, they would have been

exposed to chlorine concentrations of 1.4 to 1.5 mg/L for 30 to 35

‘minutes. Hence, the backwash probably kills most of the. coliforr_nél

pre‘sent- in the backwash water remnants.

-The 'three -t:i.mes at which the post backwash coliform couhts' were
highest can be attributed fo coliforms which are not associated with-the
backwash Water remnants.:

1. Coliforms. which appear in the filter effluent at 0 minutes after
backwash may be due to organisms colonizing the filter effluent pipework

in biofilms. wWork done by reseér,chers‘ investigating distribution
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systems indicate that a variety of organiéms-establish ecosystems within
- pipework. Since the BWTP does not prechlorinate, it is very possible
that there ié é certain amount of biological growth within the filter
effluent bipework; Even with pmechiorinatioﬂ, the possibility still
exists. Pre—filfer free chlorine concentrations at the HWTP average
0.09 mg/L. Ridgway and Olson (19825.énd Reilly and Kippin (1983) in
their studies of distribution systems, have détermined that colonization
of pipes was occurring urider free chlorine residuals of 0.5 to 1.0 mg/L
free chlorine. It is believed that encapsulation plays a major role in
protectinglthe bacteria from the chlorine.

As the filter effiuent valve obens, following a backwash, thg
biofilms lining the pipes are put under a certain amount of shear stress
from the sudden flow. through the pipes. 'Some of thé bacteria may be
loosened from the biofilm, and thus appear in.the filtrate.

2. The bacteria which appear in the‘initial stage of filtration at
the BWTP, coinciding witﬁ the 4.5 to 5 minute turbidity spike, are most.
likely set free from filter media by the same mechanisms which cause the
turbidity. Work bf Camper, et al. (1987), and LeChevalliér; et al.
(1984), indicates that heterotrophic plate count bacteria and coliforms
"are attached to granular activated carbon. Their work indicates that
operational variables, 'such as changes in filtration ratés and sudden
increases in turbidity applied to the filter can lead to the release of
populated fines into the filtered water. The effect was greatest with
GAC, but the effect is also seen with anthracite and sand. 'The bacteria

associated with carbon particles were highly resistant to chlorine.
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" 3. The occurrence of coliforms in the filter effluent one detention

time following backwash is co:ﬁmon to both water treatment plants. This
is not surprising, since these organisms are exposed to no (BWIP) or
little (HWTP) chlorine, and they are travelling through the filter at

the time when the filter is the lea}st efficient.

Heterotrophic Plate Counts

Heterotrophic plate counts (HPC) were highly variable. In general,
the HPC's were much more sporadic, and showed much mcjre variability in

numbers than the total coliform counts. Counts varied from 0 to 1430

organisms / mL in filtered water. High HPC's were most often seen at’

the detention time of the filter following backwash.

Figures 33 to 38 ‘are the HPC and turbidiﬁy vs. time graphs of -

representative filter runs from the Bozeman and Helena water treatment
‘ plants. The balance of the filter runs can' be seen in the Appendix
‘below. '

The HPC's are much less predictable than the total ~c61ifoms. ‘Also,
there is no relationship between HPC and turbidity. .

Chlorine plays a large role in the occufrence of bacteria in the
initial filter efflueﬁt. -~ The. influence is both .direct and indirect.
The direct role is- to kill and injure. bacteria through the contact tifne
afforded by the backwash ifsélf, and through the~ filter detention time,
as ‘the baékwash water remnants are filtered. . This is an important
barrier to the transmission of bacteria and .other organisms th:!:ough the

. system. The indirect role which chlorine plays is the selection of
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chlorine resistant bacteria, and the determination of the locafion the
bacteria w1ll eventually come to colonize, such as the blofllms 11n1ng
plpework and the colonization of “granular actlvated carbon particles.

N
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Figure 38. Heterotrophic Plate Counts During Initial Filtration.

Missouri River Water Treatment Plant, Helena.
Filter detention time = 8.6 min.
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CHAPTER 6
CONCLUSICNS AND SUMMARY

This research hés provided insight into the characterisfics of the
period of filtration following a backwash under "real", as opposecfl to
pilot plant conditions. Since it is this portion of the filter run
which is considered to be the most importan£ in terms-of health and
water quality standards, it is vitél that it be well understood. The
extent to . which the post backwash phase of filtration is not understood
can be illustrated'by.the Bozeman Water Treatmeﬁt Plant's
filter-to-waste period, which wastes water of higher quality (turbidity
. and bactefiologically speaking) than-is kept, and due to thé hydraulic
design, actually decreases the water quality of the initial filter
effluent. A design such as that is probably due to the blind inclusion
of a filter-to-waste period withéut any understanding of either the
characteristics of the period, or exactly what is hoped to be gained for
the inclusion of this procedure. The Héleﬁa Missouri River Water
Treatment Plant, on the other hand, is not designed with a
filter-to-waste period, and the water quality does not ever exceed water
quality standards.

Whether o£ not the inclusion of a filter-to-waste period is prudent
as part of thé initial stage filtration followimg a backwash is very

' plant specific. The'ﬁost backwash turbidity profile of each filter will
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vary, depending on a myriéd of factors includiné raw watér turbidity and ’
other characteristics, chemical treatment-priar to filtration, the
design of the filter unit, and the filter flow rates used. What this
study has accomplished is the definition of general characteristics of
the post hackwash period based on water treatment piant conditions; The
application of the filter-to-waste procedure can then be evaluated,.ana
an informed judgement can then be made concérning the advisability of
this procedure. ‘

Some general conclusions concernimj the post backwash period of
filtration:

Turbidity

A dual peak turbidity characteristrc can be expected in the post
backwash period. The first turbidity péak occurs within the first few
nﬁnutes of filtration, and varies in magnitude. The magnitude of this
turbidity peak is oftén small in comparison to the total initial.filter
effluent degradatlon, and varies according to season and to raw water
‘parameters. This turbidity is associated with the backwash water
remnants,

The second turbidity'peak‘occurs at one detention time (the time it
takes the water to flow through the filter unlt) and thus is associated
with the filter influent, as the backwash water remnants dlsperse. In
Cranston's study, using a pilot scale filter unit, this turbidity peak‘
occurred at exactly one détention time. In a real system this peak
tended to hccur at or very hear one detention time. The reason for the.

difference is twofold: (1) Grah samples were used to measure turbidity,
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and‘were_taken at one minﬁte apart at the-times at which the deténtion
pefiod_was occurrihg, and (2)‘filtérs.iﬁ a full scale plant will be less
-ideal in terms of a plug flow reactor_nodel_than wiil a pilot scale
filter.

Grab samples, due to their instantaneous nature, have a
disadvantage in that they may nof be as accurate a néasure of a peak
than is a continuous sample. If for examplé, a sample's turbidity at 15
minutes was 0.65 ntu, and the sample taken at 16 minutes was re&ﬂ at
0.67 ntu, thenvthé j6 minute sample was used as the peak reading.- If
the'detention time was calculated to occur at say, 15.1 minutes, fhen
the.grab saﬁple may have,ﬁissed the peak reading. -

A second sodrce of~variation is the character of the filtér ﬁnit
itself. ' The influent to a filter unit may not be dispersed well over
the entire surface of the filter, and.thus will filfer unevenly. The
mixing which occurs as the filter influent meets the backwash remnants
standing above the filter media, and the placemen£ of the influent pipe
can influence the characteristic of the post backwash filter effluent
profile. Thus the'time at which the second turbidity peak occurs is
dependent on the filter's behavior.as a plug flow reactor.’

Thelnagnitudeland thé duration of the second turbidity peak is
dependent upon the filter flowrate and thg influent turbidity. At
similarlflow rates, the filter influent with. the highest turbidity will
produce a second tﬁrbidity peak with a sﬁorter dﬁrafion. With similar
&Jutidities, the filter with a Iﬁgher flow rate will recover mofe

" quickly.
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- , Particle Gounts :

Particle.'count treads may be a good measure of the 'general turbidity
trends of the post backwash period. Only one particle count was done in
COnjunction with this study. Results however, agree with those found in.
the literature. The occ_urrence of‘- Giard‘ia. sized partiCI_es Qas greatest
during the first portion of ‘the filter rmn (0 to 7.5 minutes), and
decreased from 8.5 to '60 minutes. From 60 to 120 minutes (no samples
were taken after 120 minutes) the removal of particulates was very

efficient.

‘Bacterial Counts

Seasonal variations in vthe faw vtater bacterial counts affect the'
filter effluent counts, ILI'l terms of relative numbers and types of
loacteria found. Similarly, the raw water and filter effluent
bacteriological characteristics vary dépending oa source. Even though
the raw Water- source for'. each of these watet treatment plants is very
different, the general trend seemed to be tﬁat the ratio ‘of
heterotrophic plate count to total coliforms found was highest during
the spring and-summer, ‘and decreased . as. the year progressed.

Total coliforms were:ehumerated on both m—Endo and MT-7 agar. MT-7
gave con51stently higher counts durlng the post backwash period than did
m-Endo, 1ndlcat1ng hlgh numbers of 1njured organlsms.l This difference
was the most pronounced for samples taken from the newly backwash filter’
at times precedlng the one detention time for that filter. - The
explanatlon is that the backwash water remmants. are exposed to chlorlne

for the entire backwash cycle, in addition to the time which it takes
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for the remnants fo filter through as effluent. Thus contact time for
_the bacteria is‘from 20 to 30 minutes at chlorine concentrations of 1 to
2 mg/L free chlorine. -

The highest colifdrm counts during the post backwash period occur at
three main times, although cach filter run may or may not exhibit high
'.counts at all three of theée times. They are:

1. 0 minutes after backwash. Poésibly ﬁhere are bacferia colonizing the
filter effluént pipework which as the filter effluent valve is opened
are sheared from the pipes.

2. At the Bozeman Water Treatment Plant there is éften aﬁ increase in
the number; of bacteria in the filtér,effluent as the filter-to-wasté
valve closes and‘the clear well valve opens. Other studies (Camper, et
al., 1987) have found that sudden rate changes can cause the release of
populated fines into the filter effluent, raising the heterotrophic and
coliform counts. |

3. The moét COommor! fime‘at which high bacterial numbers are seen in the
filter effluent following hackwasﬁ is the time which it takes the new
filtef.influent to dispiace‘the hackwaSh water remnants. The reason is
twofold: 1) The backwash water remnants are chlorinated, reducing
bacterial counts, while the filter effluent may be chlorine free
(Bozeman WIP), or have a ?ery ;ow chlorine free residual (Helené WIP),
and thﬁs may héve higher counts. 2) The initial stages of filtration,
according to O;Melia;and Ali's aendrite énd particle accumulation
~theory, is less efficient than filtratioﬁ later in the filter run, and

will allow passage of more particles, including Bacteria..
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Heterotrophic plate counts ' were more varrable than were total
coliform counts during the initial stages of flltratlon following
"backwash.‘ High Heterotrophic Plate Counts were most often seen at the
detention time of the filter.

Chlorlne plays a large role in the occurrence of bacteria in the,
filter effluent follow:.ng a backwash. The direct role is to klll and
injure bacteria, preventingl transmission through the system.
- Indirectly, chlorine plays a role in the selection of chlorine resistant
bacterial strains. |

Sumary

In summary, a filter—to—waste procedure is only of value ifs 1) the
post backwash characteristlcs for a partlcular system are understood,
- and, 2) there are clear obj ectives for the use of the filter-to-waste
_period in terms of what exactly is to be accomplished. The elimination
of high turbidity levels may or may not _coincide with high bacterial
counts. Whether the goal of the filter—tc—waste period is the reduction
" of the total turbidity levels, the minirr_\alization of b_acteria'l numbers,
reduction of particles present, or elind.nation of turbidity peaks, must
be defined. '

Our studies have shown that the use of chlorinated backwash water,
proper cnemical pretreatment of filter influent, and the a\}oidance of
sudden flow rate changes may actually contrlbute more to the production
‘of‘ high quality water than does’ the inclusion of a filter-to-waste
period. One parameter which stould be investigated in full scale water

treatment plants is the post backwash particulatelprofile.  The
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inclusion~of a filter-to-waste period in the first few minutes of a.
filter run may have some merit for the reduction ef particulates during
this period. It should be noted; however, that the sudden rate changes
caused by the filter-to-waste period may, in fact, increase the
particulate mumbers. We have found that ‘this is indeed ‘the case with
the turbidity, total coliform and heterotrophic plate counts.

The question of exactly where or at what point in time the
filter—te—waste period shou}d be initiated, and how long,the water will
be wasted are important. Much of the time, elevated turbidity readings
and bacterial counts occur at one detention time into the filter run,
that is, as the filter.tegins to filter the influent water. .It is
probably' not extremely practic;al or practicable to filter—to—waste
starting at about 10 minutes into the filter run,‘fiitering—to—waste for
the next 15 to 20 minutes or so.

Therefore, the recommendation of this authbr, based upon a year's
study of the post backwash characteristies of two water treatment plants
in Montana, is that the high turbidity and bacterial counts associated
with the post backwash period can be more effectively minimized by the
manipulation ef treatment variables than by the inclusion of a
filter-to-waste period. Important particularly, in the production of a
high quality water is elimination of all sudden flow rate changes/
increases. The proper pretreatment of the filter influent, as well as
the addltlon of a coagulant to the backwash water (Cranston, 1987) are

other 1mportant measures to be taken.
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In general, a filter-to-waste period may be unnecessary for most
water treatment facilitieé. The control of flowrates and chemical
treatments plus maintenance of proper free cﬁiorine residuals in the
backwash water is an alﬁerﬁative. This approach to the control of the
post _backwash period has th_e adifantage of adaptability to various

flowrate and raw water characteristics, and, at the two water treatment

- plant studied here, would be the most attractive alternative for

providing the highest quality of water dﬁring the post backwash perioc}.
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 APPENDIX T -
ADDITIONAL FILTER RUNS WITH
. TOTAL COLIFORM COUNTS
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Figure 40. Total and Injured Colifom Levels During Initial Filtration.
Bozman Water Treatment Plant.
Filter detention time = 11.3 min.
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Figure 41. Total and Injured Coliform Levels During Initial Filtration.
Bozeman Water Treatment Plant.
Filter detention time = 10.7 min.
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Figure 42. Total and Injured Colifom Levels During Initial Filtration.
Bozeman Water Treatment Plant.
Filter detention time = 8.9 min.
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Figure 46.
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Raw Water Turbidity = 0.63 ntu
Influent Total Coliforms = 302/1 COml
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Bozeman Water Treatment Plant.
Filter detention time = 12.7 min.
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Figure 47. Total and Injured Coliform Levels During Initial Filtration.
Bozeman Water Treatment Plant.
Filter detention time = 13.9 min.
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Raw Water Turbidity = 0.65 ntu
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Time After Backwash (min)

Total and Injured Coliform Levels During Initial Filtration.
Bozeman Water Treatment Plant.
Filter detention time = 24.6 min.
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BWTP 1-26-87

Q = 1.7 gpm/ft2

Raw Water Turtidity = 0.62 ntu
Influent Total Coliforms = 121/1 COml
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Figure 49. Total and Injured Coliform Levels During Initial Filtration.
Bozenan Water Treatment Plant.
Filter detention time = 24.6 min.
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Total and Injured Coliform Levels During Initial Filtration.

Missouri River Water Treatment Plant, Helena.
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Figure 52. Total and Injured Colifom Levels During Initial Filtration.
Missouri River Water Treatment Plant, Helena.
Filter detention time = 8.6 min.
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Figure 54.
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Figure 55. Total and Injured Coliform Levels During Initial Filtration.
Missouri River Water Treatment Plant, Helena.
Filter detention time = 8.6 min.
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APPENDIX IT :
ADDITIONAL FILTER RUNS WITH
HETEROTROPHIC PLATE COUNTS (HPC)
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Figure 57. Heterotrophic Plate Counts During Initial Filtration.

Bozeman Water Treatment Plant.
Filter detention time = 11.0 min.
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Figure 59. Heterotrophic Plate Counts During Initial Filtration.
Bozeman Water Treatment Plant.
Filter detention time = 13.9 min.
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Figure 60. Heterotrophic Plate Counts During Initial Filtration.

Bozenan Water Treatment Plant.
Filter detention time = 13.9 min.
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Figure 61. Heterotrophic Plate Counts During Initial Filtration.
Bozeman Water Treatment Plant.
Filter detention time = 12.7 min.
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Figure 63. Heterotrophic Plate Counts During Initial Filtration.

Bozenan Water Treatment Plant.
Filter detention time = 13.9 min.
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Heterotrophic Plate Counts During Initial Filtration.
Bozanan Water Treatment Plant.
Filter detention time = 24.6 min.
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Figure 65. Heterotrophic Plate Counts During Initial Filtration.

Missouri River Water Treatment Plant, Helena.
Filter detention time = 8.6 min.
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Figure 66. Heterotrophic Plate Counts During Initial Filtration.
Missouri River Water Treatment Plant, Helena.
Filter detention time = 8.6 min.
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Raw Water Turbidity = 3.7 ntu
Influent HPC = 1619/mi
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Heterotrophic Plate Counts During Initial Filtration.
Missouri River Water Treatment Plant, Helena.
Filter detention time = 8.6 min.
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Figure 68. Heterotrophic Plate Counts During Initial Filtration.

Missouri River Water Treatment Plant, Helena.
Filter detention time = 8.6 min.
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Figure 69. Heterotrophic Plate Counts During Initial Filtration.
Missouri River Water Treatment Plant, Helena.
Filter detention time = 8.6 min.
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Figure 70. Heterotrophic Plate Counts During Initial Filtration.
Missouri River Water Treatment Plant, Helena.
Filter detention time = 8.6 min.
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Heterotrophic Plate Counts During Initial Filtration.
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Filter detention time = 8.6 min.
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