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ABSTRACT

The research for this study involved troubleshooting three different
municipal water treatment facilities having operational and treatment
difficulties, and resolving their problems relating to the water treatment
operations and practices. Problems involving algae, filters, filtration, filter
backwashing, softening, calcium carbonate precipitation, and turbidity removal
were investigated and are reported in this paper.
The methods employed in the research involved applying a variety of
water treatment principles and theory to each of the individual problems. All
of the problems were different; each one required a different approach, and
different testing and investigation. One problem relating to softening required
the use of the Caldwell-Lawerence diagram. Jar tests were also performed to
evaluate polymers, coagulants, and water softening.
A majority of the
problems were resolved by reviewing the literature.
Most of the problems at the troubled facilities have been resolved,
although not all have been solved due to circumstances beyond control of the
research program such as operator availability and municipal funding. The
problems that have been solved have resulted in better plant performance,
chemical savings, and compliance with water treatment standards.
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CHAPTER I

INTRODUCTION

This paper presents a discussion of the results of troubleshooting three
different municipal water treatment facilities that have either treatment or
operational difficulties.
The objectives of the study were to review the operation of the facilities,
and aid in resolving and rectifying any problems.

Common as well as site-

specific problems were encountered at the three facilities which are located in
Harlem, Loma, and Power, Montana.
Montana presented in Figure 1.

These towns are shown in the map of

Figure 1.

Map of Montana showing the towns of Harlem, Loma, and Power.
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CHAPTER H

HARLEM’S WATER TREATMENT FACILITY

The city of Harlem is located in north-central Montana along the Milk
River, which serves as the City's water supply source. As the name implies, the
Milk River is a very turbid stream.

The river water is hard in nature, and

receives a considerable amount of agricultural runoff and return irrigation
flows from adjacent farm communities. The implications of these water quality
parameters in water treatment are discussed in the following text.

Facility Description

A schematic of Harlem’s water treatment facility appears in Figure 2.
The facility is about 50 years old, in fair condition, and has a 350 gallons-perminute (gpm) capacity. The addition of a second rapid sand filter and an Infilco
Accelapak Clarifier in 1962, and plant automation in 1983 have been the most
recent expansion and upgrading of the facility.

Operation
Harlem’s water treatment plant operation is controlled by the City’s
water demand.

The plant is continually operating during the summer months;

the wintertime operation is short and discontinuous.

Water is produced year-

round at an average effluent turbidity of 0.6-0.7 Nephelometric Turbidity Units
(NTU).

Figure 2. Schematic of Harlem’s water treatment facility.
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A description of the operation of notable unit treatment processes within
the facility is as follows:

the two interconnected, presedimentation reservoirs

of nine million gallon capacity each are replenished every 2 to 4 days with
500,000 to 1,000,000 gallons; and the constant-head, constant-rate filters
operate simultaneously and are backwashed, one right after the other, when
maximum headloss across the filters is reached.

The frequency of filter

backwashing is as often as once a day during the summer months with an
average filter run producing 300,000 to 400,000 gallons.

Water Treatment
Chemical water treatment at the plant involves the addition of chemicals
on both a continual and seasonal basis. Alum and polymer axe continually dosed
into the solids contact clarifier for turbidity removal.

Final chlorination and

fluoridation provides constant disinfection and protection against dental decay,
respectively.
Seasonally added chemicals include bentonite during the winter months
for purposes of maintaining a sludge blanket in the solids contact clarifier when
the influent turbidity is low, chlorine and powdered activated carbon during
times of taste and odor problems, and copper sulfate in the reservoirs for algae
control.

Algae control treatments are initiated after problems arise; current

practice involves dosing 50 pounds of copper sulfate into each reservoir once a
week for a six week period.
(ppm).

This dosage equates to 0.67 parts-per-million

The copper sulfate is applied to the reservoirs by dragging a floating

basket, which contains the chemical, behind a boat.

Coincident with these

algae control treatments is the addition of powder activated carbon and
prechlorination in the treatment plant.
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Operational and Treatment Problems
Problems at Harlem’s water treatment facility are related to water taste
and odor, oil films, algae, filtration, filter backwashing, and the filter backwash
pump. There is heavy plant growth consisting of cattails and vine-like plants in
and around the perimeter of the presedimentation reservoir. This plant growth
is believed to be contributing to the taste and oder problem.

The algae are

to be the main cause of the tastes and odors, and filtration problems.
The tastes and odors have been reported to occur during mid-summer for
a period of six to eight weeks.

The odors are described as being earthy and

grassy in nature with the water having a grassy taste. Another possible algae or
plant related problem is that during the period of time that copper sulfate is
added to the presedimentation reservoirs, shortly after some of the treatments,
an oil film appears on the water surface of the reservoirs and the solids contact
clarifier.

The presence of the oil film or something associated with it causes

the effluent turbidity to increase to 1.8 to 2 NTU, which is considerably higher
J

them the average turbidity value.
1

It should be noted that the film passes

through the clarifier unaffecting its performance, and the oil film imparts
\ intense odors and tastes to the water.
The problem relating to filter backwashing is the older filter not coming
clean upon backwashing regardless of the amount of water pumped through it.
For comparison, the newer filter is about 30% smaller in area them the older
filter and easily comes clean with 10,000 gallons (1500 gpm for 6.7 minutes) of
backwash water. The wash water is reported to be sparkling clean at the end of
the backwash cycle of the newer filter.

In a trial attempt to clean the older
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filter, 25,000 gallons (1,400 gpm for 18 minutes) of water was pumped through
the filter with the end result being the filter was not adequately cleaned.

The

wash water at the end of the washing was reported to be murky in color.
Related to the above problem is the inability of the backwash pump to
operate

at maximum capacity while backwashing the older filter.

The 1,750

gpm capacity pump operates at 80% of capacity when washing the older filter.
The pump is capable of reaching capacity when backwashing the newer filter.

Research Procedure

Literature reviews, experiments, and tests were performed in resolving
the problems at Harlem's water treatment facility. Due to the seasonal nature
of the oil film problem, testing could not be performed at the time of this
study.

Oil Film
The oil

film that

appears on the surface of the presedimentation

reservoirs and clarifier subsequent to treating the reservoirs with copper
sulfate could possibly be a product of either the plant growth in the reservoirs,
algae, or both.

Although the plants in the reservoir could be responsible for

producing the oil film, it is the author's belief that algae are the main cause of
the problem because copper sulfate is toxic to a wide variety of algae and the
by-products of its reaction with the algae could possibly be the oil film.
One possible source of the oil is the natural slime-matrix coating or
mucilaginous sheath that algae produce for protection and attachment purposes
which is released upon death or when the algae are placed under distressed
conditions

(Fitzgerald,

1966;

Courchene

and

Chapman,

1975;

Steele and
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McGhee, 1979a; Ward, 1985).

Algae have also been reported to excrete naked

protoplasts from their cell walls when placed under distressed conditons
(Fitzgerald, 1966), and secrete organic oils after death (Steele and McGhee,
1979a). It is believed that the oil film is a composition of these algal secretions
and cellular material.
The oil film could also be the source of tastes and odors that are
experienced during algae treatment, and especially after copper sulfate dosing.
When copper sulfate is used to destroy algae there are a number of noticeable
effects.

Immediately after copper sulfate application odors are produced

(Courchene and Chapman, 1975).

Both Fitzgerald (1966), and Steele and

McGhee (1979a) report tastes and odors as being caused by oils which are
produced by algae.
| Algae are notorious for causing problems in water treatment practices.
\

They are reported to be responsible for tastes and odors, reduced filter runs,

\ filter clogging, and increased chemical dosages for chlorine, coagulants, and
I activated carbon.

Their growth is dependent upon environmental factors such

as water temperature, nutrient availability, and sunlight.

Algae best grow in

^clear, warm, and shallow waters where exposure to sunlight is the greatest.
Water temperature is one of the key factors in the growth of algae. All
species of algae have a minimum temperature above which they can survive and
start

to

grow

(Monie,

1956).

This

temperature and is species dependent.

temperature

is

called

the

critical

Monie found that for algae commonly

found in reservoirs the critical temperatures are 41°, 59°, 68°, and 77°F, which
is a wide range of temperatures.
Since

it

is relatively impractical

to

control

the

reservoir's

water

temperature, sunlight, and nutrient availability to eliminate algae and the
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problems they cause, other means of control have been investigated and
/

implemented.

Solutions of copper sulfate and potassium permanganate have

\

historically been used for algae control in reservoirs.

They are equally

I effective and toxic to a wide variety of nuisance algae (Fitzgerald, 1966) with
\ copper sulfate being the more economical choice (Courchene and Chapman,
I 1975; Muchmore, 1978).

Copper sulfate is commonly employed in the water

supply industry for algae control because it is easy to use and causes no
appreciable environmental damage (Muchmore, 1978). It works to damage the
cell wall of algae which results in lysing and ultimately death. It is the cupric
ion in copper sulfate that is the algalcide (Muchmore, 1978; Pagenkopf, 1978;
V^Raman, 1985).
The

dosages

of

copper

sulfate

for

effective

algae

treatment

dependent upon the type of algae and the characteristics of the water.

are
The

literature references give a range of 1 to 8 ppm to kill an algal growth and 1 to
4 ppm to prevent algae growth.

Table 1 presents some types of algae and the

amount of copper sulfate required for algae control treatment.

The reason it

takes more copper sulfate to kill an algal growth compared to the amount to
prevent growth is that the algae absorb some of the copper ( Toth and Riemer,
1968), and the extracellular polypeptides liberated by the algae combine with
the copper ion to form a complex (Muchmore, 1978), both of which act to
reduce the toxicant concentration. Some water works people use a standard of
1 ppm for treatment.

For Harlem, a one ppm dosage equates to 75 pounds of

copper sulfate per reservoir.
As was stated earlier, the dosage of copper sulfate required for algal
treatment is determined in part by the characteristics of the reservoir water.
Alkalinity and suspended solids have a significant effect on the residual copper
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ion concentration.

Large amounts of suspended material adsorb the copper ion

(Muchmore, 1978; Pagenkopf, 1978).

For example, Toth and Remeir (1968)

report a 50 to 60% decrease in copper ion concentration due to suspended solids
in their study.

Pagenkopf (1978) states that compounds present as colloidally-

suspended compounds have minimal toxic effects. Organic substances (Raman,
1985), and the chemical constituents associated with hardness (Pagenkopf, 1978;
Muchmore, 1978) also act to reduce the copper ion concentration. For instance,
copper is extensively complexed by the carbonate ion (Pagenkopf, 1978) and the
bicarbonate ion (Raman, 1985) which reduces the copper ion activity and
correspondingly reduces the toxicity. For these reasons, algae control is site
specific and often requires greater copper sulfate dosages than those presented
in Table 1.
The way in which copper sulfate is applied to the reservoir has also been
shown to influence the treatment effectiveness.

Muchmore (1978)

reports

dissolution of copper sulfate is required because crystals tend to sink to the
bottom muds rather than dissolving and dissociating.
the solution is also considered to be important.

Uniform application of

The chemical must be applied

so that water in all parts of the reservoir receive approximately the same
dosage.

The deeper parts must receive more copper sulfate than the shallow

regions.
The philosophy of algae treatment is to eliminate the problem generator
rather than treat the resulting problems.

The literature sources stress a

prophylactic approach for treatment in order to eliminate the algae and their
problems.

Prevention is preferred since killing an algal growth is likely to be
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followed by a temporary intensification of tastes, odors, and filter problems.
Waiting for these objectionable problems to arise before applying appropriate
^control measures is a negative approach to the problem.

Table 1. Quantity of copper sulfate required for control of different types of
algae (Steel and McGhee, 1979a).

Organism

Copper sulfate (mg/1)

Chrysophyta:
Asterionella
Melosira
Synedra
Navicula

0.10
0.30
1.00
0.07

Chlorophyta:
Conferva
Scenedesmus
Spirogyra
Ulothrix
Volvox
Xygnema
Coelastrum

1.00
0.30
0.20
0.20
0.25
0.70
0.30

Cyanophyta:
Anabaenea
Clathrocystis
Oscillaria
Aphanizomenon

0.10
0.10
0.20
0.15

Protozoa:
Euglena
Uroglena
Peridinium
Chlamydomonas
Dinobryon
Synura

0.50
0.05
2.00
0.50
0.30
0.10

Schizomycetes:
Beggiatoa
Crenothrix

5.00
0.30
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Effective algae control requires that the growth of algae be prevented by
initiating treatment just prior to reaching environmental conditions that are
favorable for growth.
favorable

A parameter that is commonly used as an indicator to

environmental

conditions

is water

temperature

dependence on water temperature for growth.

due

to

algae's

By observing the water

temperature at which algae start to grow one can later anticipate the growth of
algae and start treatment prior to reaching the critical temperature.

Algae

growth will be prevented by starting treatment before growth can biologically
occur and continuing treatment at frequent intervals.
Harlem's presedimentation reservoirs are an ideally suitable habitat for
algae for the following reasons: the warm summer climate, possible abundunce
of nutrients from the agricultural runoff, long detention time in the reservoirs,
"euid the clarity of the North reservoir. The North reservoir is relatively clear
due to the physical arrangement of the reservoirs (Figure 2). This arrangement
provides for a longer detention time in which more particulates can settle out
of suspension allowing sunshine to penetrate to greater depths.
receive

The reservoirs

excess nutrients from the Milk River due to the amount of return

irrigation flows.

The agricultural fertilizers dissolved in these flows contain

nitrogen and phosphorous compounds which are necessary for algae growth and
are oftentimes the limiting nutrients (Ward, 1985).

In addition to these

favorable growth conditions the habitat is protected by the hard and turbid
waters which effectively decrease the concentration of algalcide.

Filtration and Filter Backwashing
Removal of filtered material that is deposited in rapid sand filters during
filtration is commonly accomplished by backwashing the filters.

Effective
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cleaning of filters is related to both the rate of the backwashing and the volume
of wash water passed through the filter.

The rate must be great enough to

expand the filter media to such a degree that hydraulic cleaning, which involves
the shearing of particles from the filter media, can occur.

The amount of

material deposited in the filter determines in part the volume of wash water.
Both the volume of wash water and the rate of filter backwashing were
investigated in an attempt to determine the problem in backwashing the older
filter.
To determine if the older filter was expanding during backwash a small
metal bar with an attached rope for recovery purposes was placed in the filter
during backwash.

The metal bar sank the depth of the filter media which

indicates the filter fluidizes during backwash. Since the degree of fluidization
is related to physical characteristics of the filter media, the filter sand's
suitability as filter media was investigated.
Filter media backwash characteristics are related to the type and size of
filter media. The suitability of the filter media for both filters was checked by
obtaining filter samples, performing sieve analysis and specific gravity tests on
the samples, and comparing these test results to suggested literature values.
The media samples were obtained by core sampling the filters, a method which
permitted visual inspection of the filter and media.

No mudballs or other

anomalies were detected during sampling.
The sieve analysis and specific gravity test were performed in accordance
to procedures set forth in Soil Testing for Engineers (Lambe, 1951).

The

specific gravity of both the old and new filter media was found to be 2.64.
Results of the sieve analyses appear in Table 2 and are graphed in Figure 3.
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Table 2. Harlem's filter media grain size analyses results.
Percent Passing
Sieve Size

Sieve Opening (mm)

New Filter

Old Filter

0.42
0.60
0.84

0.0
3.8
91.7

0.0
5.9
92.0

40
30
20

Inspection of Figure 3 reveals the similarity and uniformity of the two
media.

For all practical purposes the two filter media cam be assumed to be

identical with the following characteristics:

Effective Size (dio%)

=

0.62 mm

d

60% = °-74 mm
Uniformity Coefficient = 1.2
Specific Gravity = 2.64

Ideal filter media characteristics for rapid sand filters have been proposed
by several researchers.

For

instance,

Baumann

(1982)

states

that

the

effective size should be between 0.40 and 0.50 millimeters and the uniformity
coefficient between 1.6 and 1.7. Cleasby (1972) proposes using a media with an
effective size between 0.45 and 0.55 millimeters and a uniformity coefficient
between 1.2 and 1.65, and exhibiting good linearity in the distribution of sizes
between the percent passing limits of 5% and 95% when the characteristics of
the media are graphed as in Figure 3.

Cleasby's range of effective size and

uniformity coefficient have been graphed in this figure for comparison.
According to Amirtharajah (1982b), since the two filter sands have similar
physical characteristics, specifically the effective size and specific gravity,

Figure 3. Harlem’s filter media characteristics.
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the

backwash rates

required

approximately the same.

for

fluidization

of

the

media

should

be

Calculation of the filter backwash rates is as

follows:

Newer Filter:
Backwashing = 1450 - 1500 gpm for 6.7 minutes
Inside Diameter = 10.58 feet
Area = 88.0 square feet (ft )
Backwash Rate = 16.5 - 17.0 gpm / ft^

Therefore, 17 gpm/ft^ sufficiently expands the filter media to such a
degree as to allow effective hydraulic cleaning to occur.

Older Filter:
Backwashing = 1,400 gpm for 8 minutes
Inside Diameter = 12.21 feet
Area = 116.3 square feet
Backwash Rate = 12.0 gpm/ft^_
Backwash Flow at 17.0 gpm/ft = 1,977 gpm

In light of the above information, a backwash pump of at least a 1,977
gpm capacity is required to clean the older filter during backwash. The 1,750
gpm pump that is currently being used is simply not of sufficient capacity to
clean the older filter.

It can only backwash the older filter at a rate of 12

gpm/ft^ and a rate of 17 gpm/ft^ is required for effective cleaning.
Amirtharajah (1978) reports that the best cleaning of the media occurs at
a bed expansion of 40% to 50% for a graded sand.

Theoretical backwash rates

corresponding to these expansions for Harlem’s filter media are presented in
Table 3.

Harlem's backwash rates reasonably compare to those predicted by

theory. Also presented in Table 3 is the percent expansion for a backwash rate
of 17 gpm/ft^.

At backwash rates greater them 17.0 gpm/ft^ for the newer
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filter, the plant operator reports the occurrence of media loss.
filters, the height of the invert of the washwater troughs

For Harlem's

is about one foot

above the filter bed and does not limit the expansion during backwash.

This

distance provides for a 50% expansion in the newer filter and a 60% expansion
for the older.

Table 3.
media.

Backwash rates and bed expansions for backwashing Harlem's filter
2
Backwash Rate (gpm/ft )

Bed Condition

10°C

15°C

20°C

Minimum Fluidization
30% Expansion
40% Expansion
50% Expansion

6.7
17.6
21.0
24.8

7.4
19.3
22.9
27.0

8.2
20.9
24.8
29.1

Bed Expansion (percent)
Backwash Rate
17.0 gpm/ft^

Another

important

aspect

of

10°C

15°C

20°C

29

25

21

filter backwashing

is

the

volume

of

washwater passed through the filter. Amirtharajah (1984) proposes using 100 to
150 gallons per square foot of filter media for a backwash volume.

Harlem's

filter wash water volumes are 110 gallons/ft^ for the newer filter and 96
gallons/ft^ for the older filter.
Consideration should also be given to depth of the filter media in
assessing the suitability of the media for use in filters. The depths of the filter
media in the old and new filters are 19 and 23 inches, respectively. According
to Steele and McGhee (1979b), the depth of media for rapid sand filters should
be between 24 and 27 inches.

Cleasby (1972) proposes a 24 to 30 inch media
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depth for rapid sand filters.

Compared to the filter media characteristics and

depth suggested in the literature, Harlem’s filter sand is large in effective size,
shallow in depth, and within the range for uniformity coefficient values.
Despite these apparent shortcomings, the media has proven to assist

in

producing a water of excellent quality, and is capable of becoming clean upon
backwash given the right backwash conditions.
Investigation of the filter backwashing problem yielded the discovery of
another problem. The filter underdrain system of the older filter appears to be
clogged and restricting filter flow. The filter underdrain system in this context
refers to the underdrain and supporting gravel. Evidence supporting the thought
that the filter underdrain system is responsible for restricting flow through the
filter follows. During an experiment in which the older filter was probed during
backwash, it was discovered that there were areas within the filter that were
not fluidizing. It is estimated these dead spots within the filter comprise 25 35% of the total area, which indicates that the filter underdrain system is not
uniformly distributing or collecting flow within the filter.

Other evidence

indicating that the filter flow restriction is the filter underdrain system is that
the backwash pump will operate at only 80% of capacity while backwashing the
older filter.

The pump is capable of going to its 1750 gpm capacity while

backwashing the newer filter, suggesting that relative to the newer filter
system there is a high headloss in the backwash flow path of the older filter.
At a given pumping rate during backwash the headloss through the older
filter should be less than that of the newer filter because the flow velocity
through the older filter, and hence headloss, is less due to the larger filter area.
Headloss differences occurring in other parts of the two filter's backwash
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system should be negligible in comparison for the following reasons: (1)

the

backwash pump is equidistance to each filter; (2) backwash mains going to the
filters are of the same diameter and arrangement, and contain the same number
of valves, fittings, and type of fittings; (3) the two filters have the same type of
media, and approximately the same depth of media, gravel, and underdrain; (4)
the elevation of the filter bottoms, and washwater trough weirs of the two
filters are the same; and (5) the weir lengths, in proportion to the filter
diameters, are approximately the same.
Further evidence of a clogged filter underdrain system was supplied by
Harlem's City Engineer.
pinpoint the problem.

He devised the following

test which helped further

For each filter, a pressure gauge was placed in the

backwash main between the pump and the filter at the base of the filter.
Pressure

measurements

backwashed.

were

then

taken

while

the

filters

were

being

Pressures of 11.5 and 27.5 pounds-per-square-inch (psi) were

measured for the new and old filter, respectively. This test data verifies the
fact that the older filter has higher headlosss, but more importantly, the test
indicates that a majority of the headless is occurring down stream of the gauge,
in the filter underdrain system. Considering the age of the older filter and the
average hardness of the Milk River water (260 mg/1 as CaCC^) it is quite
possible that the filter underdrain system is clogged with calcium carbonate
scale.
A filter that is not thoroughly cleaned during backwash has an adverse
effect on the quantity and quality of water produced in the subsequent filter
run.

A dirty filter will not produce as much quality water as a clean filter

would in a given filter run, and will also have a shorter filter run due to the
inability of the partially saturated filter to effectively filter the water. Either
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the

effluent

quality will rapidly degrade or the headless limit will be

prematurely reached, as in Harlem's case, during filtration when a filter is not
adequately cleaned.
The effect of a dirty filter on water quantity production is demonstrated
by the fact that at a given piezometric head on a filter, the flow through the
dirty filter will be less than that of a cleaner filter due to headloss differences.
For this reason, it is suspected that during filtration the newer filter is taking a
majority of the influent flow because the two filters are interconnected by a
common influent header. The header acts to equalize the water surfaces in the
filters during filtration and permit a flow differential, with the cleaner filter
taking the majority of the flow.
To determine the effect of inadequate backwashing of the older filter on
water quality, an experiment was performed in which the older filter was raked
during backwash and then compared in performance to the normal condition
where the filter is not raked.

The raking was an attempt to better clean the

older filter and simulate what should be a normal backwashing. The older filter
was raked under normal backwashing procedures with the result being that the
washwater at the end of the backwashing was still relatively murky and not the
sparkling clean that is desired.

In the experiment, filter effluent turbidity

measurements for both filters were made during filtration in order to quantify
the quality of water produced in the two different performance

trials.

The

newer filter was not raked in order to compare the effect of cleaning just the
older filter on the filtration system.

In both trials, filtration proceeded until

the head loss limit was reached. Tables 4 and 5 present the water quality data
obtained during the trials. A graph of this data appears in Figures 4 and 5.
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Table 4. Filter effluent quality of Harlem's filters without raking older filter
(November, 1984).
Effluent Turbidity (NTU)
Elapsed Time of
Filtration (hours)

New Filter

Old Filter

0.0
0.5
2.4
4.8
7.1
9.5
24.0

0.95
0.55
0.40
0.35
0.40
0.40
0.30

0.65
1.15
1.20
0.65
0.40
0.60
0.30

Table 5. Filter effluent quality of Harlem's filters with raking older filter
(May, 1985).
Effluent Turbidity (NTU)
Elapsed Time of
Filtration (hours)
0.0
0.2
0.3
0.5
0.7
0.8
7.8
24.0
25.0
29.0
31.0
32.0
36.0

New Filter
0.95 *
0.55
0.55
0.45
0.40
0.50
0.45
0.40
0.35
0.55
0.40
0.30
2.80

Old Filter
0.90
0.70
0.55
0.50
0.45
0.55
0.50
0.45
0.30
0.50
0.40
0.35
0.35

In comparing the case of filter raking to the case without filter raking, it
should be noted that the two trials were performed at different times of the
year.

The impact of the time differences is not known, nevertheless, some

valid, generalized conclusions can be drawn.

Inspection of Figure 4

reveals

that there is no significant effect of cleaning the older filter during backwash
on the newer filter water quality production, but the filter rim is increased in

Figure 4. Harlem’s newer filter effluent quality with and without raking older filter.
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duration by about 40%. However, cleaning the older filter during backwash has
a significant effect on the performance of the older filter during filtration as
evidenced in Figure 5.

When the older filter is better cleaned, the quality of

the water produced improves due to a filter ripening period of less time and
smaller magnitude.

As in the case of the newer filter, the duration of the

filter run was increased by about 40%. In summary, the filters jointly produced
more water at a higher quality when the older filter is deemed during backwash.

Recommendations

This section presents measures that can be taken to reduce or eliminate
the problems at Harlem's water treatment facility.

The recommendations for

controlling algae will be presented first, with the filter recommendations
following.

Algae
From the information presented, it appears that either the vegetative
growth around the perimeter of the reservoirs, algae, or both, are responsible
for the raw water tastes and odors. To eliminate one of the potential problem
generators, it is suggested the cattails and vine-like plants be removed from the
^reservoirs. Removing the vegetation and any decaying vegetation will decrease
odors (Raman, 1985), and allow for more efficient algae control since less
copper sulfate will be absorbed from solution by organic substances (Courchene
and Chapman, 1975).
Because the oil film appears when algae cure present in the reservoirs and
algae control is ongoing, the author firmly believes algae are responsible for the
oil film and filter problems. With the current method of treatment, the algae
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are being permitted to grow and are either killed or injured when copper sulfate
is applied.

Due to the nature of this problem, it is believed that either the

dosage of copper sulfate or the frequency at which it is applied is insufficient
to prevent algal growth.

The author stresses prevention of algal growth

because the literature does not contain recommendations for treating oil film
problems.
The literature also does not mention a frequency at which copper sulfate should
be applied, but the author recommends dosing 75 pounds per reservoir once a
week.

If once a week does not produce results, try dosing immediately after

filling the reservoirs which should kill any incoming algae.

The dosage should

be increased if applying copper sulfate twice a week fails to work.
Harlem's method of copper sulfate application to the reservoirs is good.
The operators should be sure to cover the entire reservoirs, applying more
chemical to the deeper parts.

The treatment should commence prior to

the

reservoir water reaching the critical temperature and stop once the water
termperature drops below critical.
There are many factors which determine the best method of algae control
for a given reservoir because treatments are site specific, depending largely on
water characteristics and the type of algae being controlled. For these reasons,
experience is the best guide.

Keeping an accurate log of reservoir water

temperature at which algae problems arise, dosages, frequency and method of
application, results, and observations will facilitate determining the optimal
treatment.
It is in Harlem's best interest to control algae by preventing their growth
for several reasons. The first is the elimination of water taste and odor, and
filter and water quality problems.

Eliminating the algae will also result in a
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reduction of treatment chemicals because prechlorination and the addition of
powdered activated carbon will no longer be required for algae treatment.
Another reason is a concern of recent times; the formation of trihalomethanes
(THM'S) in drinking water supplies.

The THM'S are a product of the reaction

between chlorine and soluble organic substances, and have been found to be
carcinogenic to laboratory animals and possibly humans.

Algal materials have

been proposed as precursors to THM’S (Cooper et al, 1985).

Eliminating algae

will reduce a potential health hazard.

Filtration and Filter Backwashing
The operation of Harlem’s filters is limited by headloss across the filters
and not by quality degradation ( ie. filter breakthrough). Therefore, any action
that will increase the length of the filter run is expected to be effective in
producing more water at a higher quality per filter run. Producing more water
per filter run will reduce the number of backwashings and hence pumping costs.
The following are recommendations to increase performance during filtration:
1) As an intermediate remedial action to correcting the older filter
backwash problem, the filter should be backwashed with 150 gallons/ft^ of wash
water, which equates to 1400 gpm for 12 minutes. If this longer backwash time
presents a problem in drawing the clearwell level down too far then the filter
backwashings should be staggered instead of one filter immediately after the
other.
2) Dismantle the older filter, preferably during the winter months when
water demand is low, inspect the filter underdrain system, and replace any
clogged or defective equipment. This remedial action will allow more water to
flow through the filter during filtration and backwashing.

The filter will be
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easier to backwash and cleaned more effectively.

Anticipated results of this

action are more water produced at a higher quality per filter rim.
3)

Since the backwash pump is too small to effectively clean the older

filter, either install an air scour backwash system, or a backwash pump of 2000
gpm capacity.

The total dynamic head for a new backwash pump is not

specified in this paper because it will depend on what is done in upgrading the
older filter. This action will allow the older filter to be cleaned as it should be.
Results of an upgraded backwash system will be lower backwashing costs due to
the reduced number of backwashings, and production of a higher quality water
during filtration.

Results

The investigation at Harlem's facility produced the discovery of the older
filter backwashing problem, specifically the suspected clogged underdrain
system and the insufficiently sized backwash pump. To date, there has not been
any action toward repairing the filter underdrain system or upgrading the
backwash pump. There have been no reported results of occurrences relative to
solving the oil film and algae problems.
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CHAPTER m

LOMA'S WATER TREATMENT FACILITY

Loma is located in the north-central region of the State of Montana. The
water supply source for this town, which also serves a local rural water district,
is the Marias River.
The Marias River inherently has a high degree of water quality variation.
It is continually changing, and alternates between a high hardness - low
turbidity quality and one of low hardness and high turbidity.

The high

hardness - low turbidity quality of the Marias is prevalent most of the year with
the high turbidity state occurring during the spring runoff.
around 200 NTU have been reported during spring runoff.

Turbidities of

The other water

quality extreme of high hardness occurs mainly in the winter. During this time
total hardness values are as high as 400 mg/1, and water temperatures average
1° to 2°C. The wintertime flows of the Marias are thought to be predominantly
groundwater.

Facility Description

Loma's water treatment facility was constructed in 1981. It has a capacity
of 250 gpm, and was designed to be automatic in operation and controlled
indirectly by the demand of the water users.
condition and is shown schematically in Figure 6.

The facility is in very good

Figure 6. Schematic of Loma s water treatment facility.
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Operation
Notable aspects of the operation of the facility are the control system,
the frequency and duration of operation, and the filter flow control system.
The facility operation control system monitors the water surface elevation of a
reservoir in the distribution network by means of telemetry, responding to the
demand of the users.

As a result of the facility being controlled indirectly by

the demand of the users, the facility operation usually lags the peak demand
periods of the diurnal variation in demand.

The summertime operation is

somewhat typical of this; the facility operates 10 to 12 hours a day with 4 to 5
hours of run time occurring in the morning, and 5 to 6 hours in the late
afternoon. The wintertime facility operation is characterized by 4 to 5 hours of
run time per day, usually starting mid-morning.
The filter flow control system for the facility is shown in schematic form
in Figure 7.

Flow through the filter is controlled by the modulating flow

control valve (MFCV).

The MFCV is in turn controlled by a float in the filter

which senses the water surface elevation.

In response to water surface

fluctuations, the float varies household-pressure flow to control the MFCV.
The system can be adjusted by means of the valve controlling the household
pressure flow to the float, a set screw in the MFCV, and the upper and lower
movement limits for the float.

Water Treatment
With the Marias River having significant water quality changes, the
treatment plant was designed for two basic modes of operation; lime-soda ash
softening and turbidity removal. The turbidity removal mode consists of dosing
alum, and polymer as a flocculation aid.

Moderate dosages of alum were also

Figure 7.

Filter control system for Lome.
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added during the softening mode of operation in an attempt to remove the low
influent turbidity. The facility softens most of the time with the objective of
producing a water with a total hardness of 170 to 200 mg/1 (as CaCO^). Also
during

softening,

carbon dioxide

is

added

to

control

effluent

pH,

and

polyphospate is dosed to prevent filter encrustation with calcium carbonate
precipitate.

Final disinfection is accomplished by the addition of chlorine to

the product water.

Operational and Treatment Problems
Problems plaguing the operation of Loma's water plant are related to the
softening mode of operation, the solids contact clarifier, and the operation of
the filter.

The facility was also unable to consistently meet the Maximum

Contaminant Level for turbidity, which may be a result of the aforementioned
problems. In the past, effluent turbidities have been as high as 5 to 8 NTU.
The problem relating to the softening mode of operation is that a sludge
blanket cannot be developed within the solids contact clarifier.

Particulates

and precipitates are washed out of the clarifier and passed onto the filter.

In

comparison, the facility experiences no problems in developing and maintaining
a sludge blanket during the turbidity removal mode.

The operation during

turbidity removal is effective in removing particulates.
Some other facility problems relate to the operation of the filter.
constant-head, constant-rate filter does not operate as intended.

The

The water

surface within the filter continually fluctuates in a cyclical fashion. The cycle
starts with the water surface at the lowest most point. The water surface then
rises eight to ten inches in two to three minutes.

Once the water surface
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reaches the highest point, it then descends back to the lowest point in less than
a minute.

This

water surface fluctuation imparts a filtration rate change

which can lead to degradation of product water quality.
As a result of the filter operating in this manner the filter cannot be
automatically backwashed at the time that it ideally should be, and the effluent
turbidimeter does not have a constant supply source of water to monitor. Given
these operating constraints, there is no indication of when the filter should be
backwashed to avoid water quality degradation. There is no maximum headloss
limit

or

filter break through monitoring to be used in optimizing filter

performcince. The filter does have a headloss gauge, and can be automatically
backwashed when the maximum headloss is reached, but the operator has the
system setup where he manually backwashes the filter.

Of interest, the

operator has in the past manually backwashed the filter once every four days
regardless of the duration of filtration and water quality produced.
Other filter problems are that the filter is not backwashed at a rate
sufficient to wash all of the sediment from within the filter and the weirs in the
backwash troughs are not level. It was observed that at the conclusion of filter
backwashing a substantial amount of sediment remained within the filter media.

Research Procedure

Jar tests, literature reviews, and facility visits were undertaken to
resolve the problems at Loma's water plant.
undertakings are presented in this section.

Results and discussions of the
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Filter Operation
The intended operation of a constant-head, constant-rate filter is as
follows:

immediately after filter backwashing, at the onset of filtration, the

MFCV should be almost closed generating a high headloss in the system. As the
headless across the filter increases, the MFCV should open to accommodate the
increase in filter headloss and maintain a constant headloss across the filter and
valve system. Once the filter is saturated and the valve cannot be opened any
further to offset the filter headloss, the water surface in the filter will rise
beyond the limits set by the float and trigger the automatic filter backwash
system. In accordance with this theory of operation, the filter Should rise the 8
to 10 inches that it does, but in 18 to 36 hours of filtration.

The flow control

valve should maintain a relatively constant headloss in the filter system which
in turn maintains a constant rate of flow. In doing this the filter will operate
with a relatively constant head and constant rate of flow.
Further investigation of the filter flow control system revealed that the
system was not designed by either the facility design engineer or equipment
supplier.

The shop drawing submittal describes the modulating flow control

valve as a filter influent control device rather them a effluent control valve.
The manufacturer of the valve was contacted and confirmed the fact that the
valve is designed to be used on the influent to a filter. He also stated the valve
is to be regulated with pressure of 7 to 9 psi instead of the current household
pressure of 30 to 60 psi. Given this information, it was deduced the filter flow
control system was a field-rigged installation.

The only individual who is said

to know anything about the operation of the flow control system is the
mechanical subcontractor who installed it and he does not want to get involved
in correcting the problem.
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In operation, the modulating control valve appears to be wide open when
the float is in its uppermost position, and closed when the float is in the lowest
position. Most of the MFCV movement seems to be limited to the upper half of
the float's vertical movement. It seems as though the valve is closed too much
when the float is in the lowest position because it is not letting sufficient flow
through the filter causing the water surface to rapidly rise.

The MFCV should

be opened enough such that when the float is at the lowest level flow through
the filter is not restricted.
water

surface

fluctuations.

The system also seems to be overly sensitive to
From this information, it is apparent

adjustment of the flow control float and MFCV is needed.

that

The flow control

float and valve should be adjusted such that at the onset of filtration the water
surface within the filter is at its lowest point.

Then, as filtration progresses,

the MFCV opens to such a point that it can open no further and backwash is
initiated.
The only means of adjusting the system are the set screw on the MFCV, the
needle valve, and setting the level for the upper and lower positions of the
float. All combinations of settings of the set screw and the flow control valves
have been tried with some success; the filter is currently operating with a sixinch water surface variation, rising in 1% minutes and falling in 3 minutes.
Adjustment of the lower float level limit has not been attempted.

Sludge Blanket Development
Several attempts to produce a sludge blanket have been made. The first
of which

involved stopping the addition of alum during the softening process
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because adding the alum, which is acidic in nature, to an inherently basic
process is not common.

Effective softening requires a very high pH whereas

alum coagulation is most effective in the moderately basic pH values.
The next attempt involved adjusting the lime and soda ash dosage to those
that would soften the water to the minimum practical limits of total hardness.
The Caldwell Lawrence diagram along with raw water quality information was
employed in determining these dosages.

The attempts of curtailing alum

addition and increasing lime and soda ash and dosages failed to produce a sludge
blanket.

As a result of this failure, several other factors were checked and

investigated.

In review, all of the lab equipment, water quality values, and

calculations were checked. Also, the State of Montana Health Department says
the chemical feeders were checked and found to be accurate.
Several

phenomena

could

development of a sludge blanket.

be

occurring

which

would

prevent

the

One possible explanation is the wash out or

carry over of the precipitate due to the impact of cold temperatures on
sedimentation rates and chemical kinetics.

Turbidity could also be interfering

with the softening. Another explanation is that there is not enough precipitate
or time to form a blanket during the intermittent and short time of facility
operation.

The development and maintenance of a sludge blanket is dependent

upon the solids loading in a solids contact clarifier.

The higher the solids

loading, the easier it is to develop a sludge blanket. Loma does not soften to a
great extent and it is possible that the quantity of precipitate is insufficient to
form a blanket.
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Solids Contact Clarification.

The operation and design of the solids

contact clarifier was reviewed to check the adequacy in removing

the

precipitate. The operational characteristics of the clarifier are as follows:
Diameter - 18 feet
Side Water Depth - 10 feet 6 inches
Detention Time at 250 gpm:
Rapid Mix Zone = 45 seconds
Flocculation Zone = 12 minutes
Settling Zone =60 minutes
Upflow Rate (at base of tubes) = 1.2 gpm/ft^

For comparison, the Recommend Standards for Water Works (1982) states
that for a solids contact clarifier and softening: (1) Rapid mix time must be less
than 30 seconds; (2) flocculation time shall not be less than 30 minutes; (3)
detention time for clarifiers and softeners treating surface water shall be
between two and four hours; and,

(4) the upflow rate shall be less them 1.75

gpm/ft^ at the slurry separation line for units used as softeners.
The literature suggests that for effective sedimentation the upflow rate
should be less than the sedimentation rate of the sludge blanket.

Montgomery

(1985) proposes using a particle settling rate of 0.24-0.35 feet per minute ( at
15°C) for lime-soda ash softening floe.

Using Bond's criterion (Amirtharajah,

1982b), the settling rate of the suspension is then 0.12-0.18 ft/min at 15°C. In
comparison, Walker (1982) states that a conservative surface loading rate for
lime floe clarification in a small plant is 1,100 gpd/sf or a 161 gpm plant flow
for Loma. Interestingly, the Ten State Standard Values of 1.75 gpm/ft

2

equates

to a plant flow of 371 gpm. Figure 8 presents a graph of the flow rate through
the clarifier corresponding to the settling rate of the suspension versus water
temperature.

Figure 8. Lome’s plant flow versus raw water temperature.
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For a plant of about 230 gpm capacity, Walker (1982) suggests using a
clarifier of 15 feet diameter minimum and sidewater depth of at least 10 feet if
the basin is automatically desludged.

Montgomery (1985) uses the following

design criteria for sludge blanket clarifiers: flocculation time = 20 minutes;
settling time = 1 to 2 hours; surface loading = 0.85-1.28 gpm/ft .
In comparison to the criteria suggested in the literature and accepted
standards for solids contact clarifiers, Loma's facility has too short of a
detention time and an upflow rate too high for settling. Because it is the basis
of operation, one of the most important factors in a solids contact clarifier is
the upflow rate. Since the upflow rate is related to the sedimentation rate of a
suspension, which is temperature dependent, an experiment was pursued in
which

the

plant

temperature.

throughput

was

adjusted

to

take

into

account

water

The plant flow was throttled back about 12% to a value

corresponding to the minimum value of Montgomery's range of raw water flow
rates for the given water temperature (Figure 8). Unfortunately, this attempt
did not produce a sludge blanket in the clarifier.
The standards and criteria for solids contact clarifiers discussed so far do
not take into consideration the effect of the tube settlers contained within
Loma's clarifier.

Tube settlers should, in theory, enhance the sedimentation

capacity of the clarifier to a plant flow of at least 1000 gpm according to the
theory developed by Yao (1973).

There are some practical limitations to this

theory in that the tubes were approximated as two-inch squares, and partial
removal and the effect of sludge sliding out of the tubes is not considered.
diagram of the settling tubes are shown in Figure 9.

A

Figure 9. Diagram showing Enviropax tube settlers.
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Some practical notes for tube settlers are given by Willis (1978). His criteria
as applied to Loma’s case is as follows:
(1)

To prevent floe sweep-out:

flowrate (gpm)
face £0*63 of
tubes (ft^)

2.5

Loma = 1.2 gpm/ft^
(2)

To provide ample residence time for flo

volume for sludge accumulation:
Tube length

Lorn a

0.321 x media depth (feet) x flowrate (gpm)
face area of tubes (ft^)

0.76 ft

Enviropax Tube length = 1.93 ft
(3)

To assure laminar flow conditions:

Hydraulic Diameter (inches) ^

19/flowrate (gpm)
face area of tubes (ft^)

Loma ^ 16 inches
Enviropax Hydraulic Diameter = 1.7 inches

The tube settlers meet all of Willis’ criteria.

An additional note relating

to the physical setup of the tubes is Culp and Culp's (1974) recommendation of
placing the top of the tubes two feet below the water surface of the clarifier
for water plants with shallow side water depths.

Loma’s facility falls within

this classification and the tubes are placed two feet below the water surface.
According

to

the

above

sedimentation within the basin.

information,

the

tubes

should

improve

The manufacturer's recommended hydraulic

loading rate for removing softening precipitate is 1.2 gpm/ft^, which is the
loading at a throughput of 250 gpm. But, in addition to the overflow rate, the
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efficiency of tube settlers are also dependent upon the solids loading.

The

percent removal efficiency increases with raw water solids concentration (Yao,
1973; Culp and Culp, 1974).

Because Loma softens to a small degree, there is

not a great deal of precipitate, possibly rendering the tubes ineffective.

Softening. Another aspect relating to the inability of developing a sludge
blanket is that of the softening reaction and kinetics.
problem could be a result of two factors.
turbidity in softening.

As stated earlier, the

The first being the interference of

The presence of organic colloids impedes calcium

carbonate crystallization (Degremont,1979a).

In this case, promoting the

softening reaction by means of providing additional sites for crystallization
could possibly solve the problem. Brodeur (1976) reports a case study that had
problems similar to those of Loma's.

The raw water source in this study was

low in turbidity and hard, requiring both softening and turbidity removal.
Initially, the case study plant dosed alum and lime for treatment.

Reported

problems during this treatment were floe carry over from the solids contact
clarifier, high alum and lime dosages, and short filter runs.

It was found that

when alum was replaced with a high molecular weight anionic polymer as the
primary coagulant, the facility performance greatly improved.

The results

were a much reduced cost of treatment, greater sludge density, and increased
filter runs.
The second factor could be the impact of cold temperatures on

the

reaction kinetics. The reaction could possibly be slowed down to a point where
it is not proceeding to completion within the clarifier.
accelerating the softening reaction would be beneficial.

In this instance,
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Kinetics Acceleration.

The rate of calcite growth during precipitation is

dependent upon temperature and the concentration of calcite present in
solution since it is a surface controlled process (Reddy and Nancollas,

1971).

These same researchers report calcite growth as being a surface controlled
reaction for the following reasons:

growth is independent of stirring speed of

suspension, and growth is directly proportional to the amount of seed crystal
present and follows a first order equation with respect to concentration.
It has also been discovered that the pH of the solution effects the rate of
calcite crystallization. As the solution pH approaches that of minimum calcium
carbonate solubility, the rate of crystallization increases (Wiechers et al, 1975).
Minimum solubility of calcium carbonate using lime for pH adjustment is in the
range of pH 10 to pH 10.3.
McCauly and Eliassen (1955) performed an experiment which is similar to
the operation of Loma's facility.

Their experimental setup had a pilot plant

which had a reaction basin with a 20 minute detention time and an upflow
clarifier.

These two individuals investigated accelerating calcium carbonate

crystallization in softening plants.
different

massses of innoculant

Their study evaluated the impact of

seed crystal on

the

kinetics

of calcite

crystallization.
McCauly and Eliassen found the reaction time to reach the minimum
solubility calcium concentration in the absence of calcium carbonate crystals to
be approximately three hours.

In the presence of calcium carbonate crystals,

the reaction time was reduced to less than five minutes.

The calcite crystals

are thought to provide a surface upon which the softening reaction can occur,
which greatly accelerates the reaction kinetics. They report calcium carbonate
being removed in the form of substantial growths of crystals, rather than as
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fine crystalline precipitate.

The greater surface area associated with the

enlarged growths further accelerates the reaction. Due to the sizeable quantity
of the precipitate generated, the solids contact clarifier in their pilot plant
operated at

an overflow rate of 5

conventional treatment plant rates.

gpm/ft^,

a rate

much higher

than

This phenomenon of generating large

masses of precipitate is the principle of operation for a solids contact clarifier.
The

sludge

blanket

slurry

is

a

catalytic

agent

for

calcium

carbonate

precipitation, and functions to remove floe and accelerate the softening
reaction.
The principal criterion of plant control in McCauley and Eliassen’s study
was the pH of the mixing basin.

The pH was maintained within the range of

values for minimum calcium carbonate solubility, which were found to be
between 9.8 and 10.3.

These pH values

are in agreement with other values

reported in the literature for minimum calcium carbonate solubility. McCauley
sind Eliassen claim that this method of using pH for plant control is applicable
to large-scale solids contact clarifiers, and they recommend using soda ash to
assist in removing additional calcium carbonate when the water contains
calcium-noncarbonate hardness.
In light of the above information, jar tests were performed to: (1)
determine if the softening reaction could be accelerated;

(2) evaluate the

degree of softening at a solution pH of 10.3; and, (3) evaluate the effectiveness
of a polymer as a softening aid.
A Phipps and Bird Stirrer was employed in performing the jar test.

The

test procedure was modeled after the operation of the plant; the jars were
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mixed at 100 rpm for 45 seconds and then slow mixed at 20 rpm for 12 minutes.
Calcium hardness, pH, and turbidity of the jar samples were measured at the
conclusion of the slow mix.
A few problems were encountered during the jar test.
probably most important one was the pH meter.

The first, and

Two meters were on hand.

One meter did not survive the trip to Loma and the other has a history of
troubled performance.

The pH meter used is believed to display values lower

them actual in the neutral pH range. However, measurements of values around
pH 10 are thought to be accurate.

Another problem is that the Caldwell-

Lawrence diagram predictions for final pH and calcium concentrations, using
the measured raw water quality and chemical dosages, do not come close to
what was actually measured. This problem may or may not be result of the pH
meter problem. Despite these problems, data gained from the jar test provide
useful information for resolving Loma's water treatment problems.
Water samples for the jar tests were obtained from the plant influent
while the facility was

operating.

Quality of the sample water is presented in

the following table:

Table 6. Raw water quality for Loma (February 16, 1985).

Water Quality Parameter

Value

Alkalinity

146 mg/1 as CaCO^

Calcium

174 mg/1 as CaCo^

Total Dissolved Solids
PH
Turbidity
Temperature

460 mg/1
6.8
20 NTU
2°C
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Six sets of jar tests were run.

The first two sets of jar tests were

designed to determine the dosage of lime required to raise the solution pH to
10.3. The results of these tests are presented in Table 7.

Table 7. Results of Jar Tests #1 and #2.
solution pH to 10.3.

Amount of lime required to raise

Jar Test
#1

Jar

Lime
(mg/1)*

1
2
3
4

150
200
250
300

#2

pH

Lime
(mg/1)*

PH

150
160
170
180

9.8
10.2
10.4
10.6

9.4
10.4
10.6
-

* As lime

The effect of raising the solution pH to approximately 10.3 on water
quality and the effectiveness of adding a polymer as a softening aid were
evaluated in two sets of jar tests.

In these tests, calcium concentration

measurements were made to determine the reduction in hardness associated
with raising the pH, and turbidity measurements were made at the end of slow
mixing for evaluation of the polymer. The polymer used was Clarifloc A-205P,
manufactured by Allied Chemical.

It is an anionic, high-molecular-weight,

organic polyelectrolyte. The manufacturer's suggested dosages for polymer use
as a primary coagulant in water treatment processes were adhered to in the
testing. Jar Test #3 and #4 data appear in Table 8.
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Table 8. Results of Jar Tests #3 and #4. Polymer evaluation and residual
calcium concentration measurements. Lime concentration = 140 mg/1 for each
jar.
Jar Test
#3

Jar

pH

Calcium*

1
2
3
4
5
6

10.2
10.2
-

90
95
-

#4
Turbidity
(NTU)
17
15
-

-

rS

Calcium*

Clarifloc
(mg/1)

Turbidity
(NTU)

10.3
10.4
10.1
10.2
10.3
10.0

93
85
90
90
90
95

0.1
0.2
0.5
0.6
0.8
1.0

13
12
10
10
9
9

Calcium concentrations are in mg/1 as calcium carbonate.

The data in Table 8 demonstrate that raising the solution pH

to

approximately 10.3 a final average calcium concentration of 90 mg/1 as CaC03
is obtained.

This reduction of 85mg/l as CaCO^ in total hardness provides a

final hardness of 200mg/l.

In regards to the polymer addition, higher dosages

did help reduce the turbidity of the solution, which indicates potential as an
effective coagulant during softening for Loma's plant.
The last set of jar tests were an effort to evaluate the impact of adding
calcium carbonate to a solution which had a pH close to the minimum solubility
of calcium carbonate.

Several different concentrations of calcium carbonate

were used in Jar Test #5 and #6. The physical and chemical parameters of the
calcium carbonate used are presented in Table 9.
#6 are presented in Table 10.

Results of Jar Tests #5 and

Dosages of #325 greater than 1000 mg/1 were

deemed impractical to work with on a plant scale.
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Table 9. Physical and chemical characteristics of #325 calcium carbonate used
in Jar Tests #5 and #6.
Manufacturer:

Steel Brothers Canada, LTD.

Sieve Analysis:

Percent Passing
99.9
99.6
97.8

U.S. Sieve Number
100
200
325

Constituent
CaO
Silica

Percent
55.1
0.7
0.2
0.4
Trace

Chemical Analysis:

R

2°3

MgO
Heavy Metals

Table 10. Calcium carbonate addition evaluation.
Lime = 140 mg/1 for each
jar in Jar Test #5, and 130 mg/1 for each jar in Jar Test #6.
Jar Test
#5

#6

Jar

# 325
(mg/1)

PH

Calcium*

# 325
(mg/1)

PH

Calcium*

1
2
3
4
5
6

100
150
200
250
300
350

10.4
10.6
10.5
10.5
10.4
10.4

93
90
90
85
88
85

450
500
650
750
850
1000

10.4
10.4
10.4
10.3
10.4
10.4

95
95
85
90
80
85

*

calcium concentrations are in mg/1 as calcium carbonate.

The addition of calcium carbonate to the solution with a pH of 10 did not
affect the final calcium hardness.

Although it is possible that the addition of

the calcium carbonate did accelerate the crystallization reaction, the impact
was

not

distinguishable

given

the

time

frame

used

for

water

quality

measurements.
As a result of these jar tests, two very important conclusions can be
drawn. The first is that in raising the pH of the solution to approximately 10.3,
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softening does occur and a final total hardness of 200 mg/1 as CaC03 is easily
obtained. The second conclusion is the addition of a polymer as a softening aid
did appear to help in coagulating and flocculating precipitate, and other
particles.

Recommendations

The following recommendations should help in solving the problems
associated with the solids contact clarifier and the filter.
Fixing the filter control system is critical to the successful operation of
the facility.

With the system fixed, the effluent turbidimeter should operate

continuously and the final water quality should improve. As a first attempt the
operator should try raising the lower level of the float to a position that will
maintain a constant water level in the filter.

This adjustment should be made

with a clean filter, preferably immediately after backwashing.
The filter should also be backwashed at a higher rate so that the sediment
is substantially removed. The backwash rate should also be seasonally adjusted
to account for water temperature differences.

Leveling the weirs in the

backwash trough will allow for better backwashing due to improvement in flow
patterns.
For efficient softening at Loma, it is important that a sludge blanket be
developed during softening.

The following recommendations are attempts to

produce a sludge blanket during softening:
1)

The operator should strive to get the facility operating longer in

duration and more continuously. According to the operator, the telemetry
system controlling the plant operation can be adjusted such that startup
occurs at a lower reservoir water surface elevation.

If possible, this
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adjustment should be made.

With a lower initial reservoir level the

facility will operate longer, which will provide a better opportunity for a
sludge blanket to develop.

Caution should be taken that the water level

does not go so low as to use the fire fighting reserve.
The second part of this first trial involves adjusting the chemical
dosages

for softening.

During this process, a simple operation is

desirable, especially from the standpoint of the operator. Dosing lime and
the polymer currently being used, the lime dosage should be adjusted such
that the water off the top of the clarifier is at pH 10.3. According to the
jar tests performed in this study, the treatment of adjusting the pH of the
water within the solids contact clarifier to 10.3 should allow Loma to
meet their softening goals.
Monitoring the clarifier pH will also allow for a measure of over- or
under treatment, providing direct control of the process.

This simplistic

method of control is desirable considering the frequency and degree of
water quality changes.
2)

If the first trial fails to produce a sludge blanket, then soda ash

should be dosed in addition to lime and polymer as outlined in trial # 1.
The addition of soda ash will remove the calcium noncarbonate hardness.
The dosage (in mg/1) can be determined by taking the difference of the
calcium and alkalinity concentrations as CaCO^, and multipling this
difference by 1.08. This factor takes into consideration the purity of the
soda ash, so no further adjustment is necessary.
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3) Different softening aid polymers should be evaluated in jar tests,
and select polymers on a plant scale if trial # 2 fails. The polymer should
be in addition to dosing lime and soda ash as described in trial #4, and
should replace the polymer currently being used.
4) Trial number four involves softening to a greater degree to produce
more precipitate.

This will require the use of the Caldwell-Lawrence

diagram to determine appropriate chemical dosages. Operator training in
the use of the Caldwell-Lawrence diagram is necessary.
5) If the above four trials fail to produce a sludge blanket then a
reduction of flow through the clarifier is recommended.

Probably the

most economical way of doing this would be to change impellers on both
the raw and product water pumps.

Results

The

investigation

at

Loma's

facility has yielded

chemical

savings,

production of a better quality water, and a more efficiently operating facility.
A polymer has replaced alum during softening to aid in flocculation of
particulate. Improving the operation of the filter improved the quality of water
produced as evidenced by the reduction in effluent turbidity.

The facility is

currently meeting the turbidity standard.
A softening sludge blanket has yet to be produced. It is believed that with
operator's experimentation with clarifier pH, soda ash, and softening polymers a
sludge blanket will result and the softening mode of operation will improve.
The

recommendations presented

for developing

a

sludge

softening have not yet been attempted by the facility operator.

blanket

during
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CHAPTER IV

POWER'S WATER TREATMENT FACILITY

The community of Power is located in the northwest section of Montana,
approximately 20 miles northwest of Great Falls.

Power obtains their water

from Muddy Creek, which is a supply source high in hardness.

This water

quality parameter is discussed in the following text.

Facility Description

Power's water treatment facility, which has been in operation since I960,
consists of a Water Boy self-contained package plant of 100 gpm capacity as
manufactured by Neptune Microfloc.

Preceding this facility is a six-million—

gallon presedimentation reservoir. The facility is in good condition, and shown
in schematic form in Figure 10.

Operation
The operation of the Power's water treatment facility is automatic and
controlled indirectly by consumer demand.

Water production averages 10,000

gpd in the wintertime and 85,000 gpd during the summer. An additional note is
that backwash of the filters is initiated upon reaching a preset filter headloss.

Water Treatment
Power's facility is designed and operated for the purpose of turbidity
removal. Due to the existence of the presedimentation reservoirs, the facility

Figure 10. Schematic of Power’s water treatment facility.
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has low influent turbidity, oftentimes less them 10 NTU. For treatment, alum is
dosed in quantities of 4 to 18 ppm, yielding a final pH averaging 8.3, which is
less them the influent pH.
Other water treatment involves the seasonal addition of copper sulfate to
the presedimentation reservoirs in an effort to eliminate algae after they have
appeared.

This treatment consists of dosing twice during the summer at

additions of 20 and 40 pounds respectively.

Operational and Treatment Problems
Power's water treatment problems cure as follows: (1) The facility cannot
consistently meet the MCL standard for turbidity (reported values as high as 8
NTU), (2)

algal blooms occur during the summer resulting in tastes and odors,

^fthe filter media solidifies into a cemented mass an average of once every six

!

years, (4)

the filter is not backwashed long enough in duration to adequately

remove filtered sediment,-(^filter media is lost during backwash, and-^$ there
is insufficient intensity in mixing the alum solution with the raw water.
The problem of the filter solidifying is an interesting one.

The plant

operator claims the actual solidification happens "overnight".

Once it occurs,

the media must be removed by means of pick and shovel.

The cost of

replacement media for the filter is about $1300.
The reason the alum solution and raw water are not thoroughly mixed is
that the alum is not injected at the intended point of application within the
facility.

In the past, the designed injection ports for the alum solution have

been clogged by particulates because raw water was used for preparing the
stock solution of alum.

The particulates in the raw water would agglomerate
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and clog the injection ports.

To overcome this problem, the alum is now

dripped into a small detention basin within the facility. Mixing is accomplished
by gentle hydraulic motion only, there is no mechanical stirring.

Research Procedure

Efforts in resolving the problems at Power’s water treatment facility have
entailed jar tests, literature reviews, and lab tests.

The following discussion

starts with the problems at the head-end of the plant and proceeds through the
facility describing the nature of each of the problems.

Algae
Power's situation regarding algae problems is very similar to Harlem’s
problems. They both have hard supply water and large presedimentation
reservoirs.

The differences are Power's supply source is not as turbid as

Harlem's and no oil films appear during algae treatment.
problems, raw water qualities,

Since the algae

and the facilities themselves are similar the

reader is referred to the write-up in Harlem's section on algae for further
information on treatment philosophy.

Turbidity Removal
During a visit to Power's facility, it was observed that a substantial
amount of sediment was being passed onto the filter from the sedimentation
basin, which suggests poor sedimentation.
result of inadequate pretreatment.

Ineffective sedimentation can be a

The heavy, insufficiently-treated solids

loading onto the filter from the sedimentation basin could be the reason why
the facility can not produce water that meets turbidity standards.

For these

reasons, jar tests were performed to evaluate different coagulants for turbidity
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treatment. Two common coagulants were evaluated in the jar tests, aluminum
sulfate and ferric chloride.

The quality of the raw water used in the tests is

presented in Table 11 for reference.

Table 11. Water quality for Power (February 17, 1985).
Water Quality Parameter

Raw

Product

PH
Turbidity (NTU)
Hardness (mg/1 as CaCC>3)
Alkalinity (mg/1 as CaCC>3)
Calcium (mg/1 as CaC03)
Total dissolved solids (mg/1)
Temperature (°C)

8.65
6.5
430
320
95
640
3

8.30
4.0
430
310
100
-

The jar tests were performed using a Phipps and Bird Stirrer with the
following criteria: rapid mixing at 100 rpm for one minute, slow mixing at 20
rpm for 20 minutes, and quiescent settling for one hour.
measurements were taken at the end of settling.

Turbidity and pH

Results from the tests are

shown in Table 12.
These jar tests demonstrate that aluminum sulfate is the most effective
coagulant of the two evaluated. Alum dosages of about 30 mg/1 were found to
be best

for

turbidity removal.

These

findings

are

in agreement with

Amirtharajah’s design and operation diagram for alum coagulation depicted in
Figure 11.
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Table 12. Results of jar tests evaluating aluminum sulfate and ferric chloride
as coagulants.
Jar Test #la
Jar Number
Aluminum Sulfate (mg/1)
pH of mixed solution
Turbidity (NTU)

1

2

3

4

5

6

10
8.4
2.0

20
8.3
2.5

30
8.1
1.0

40
7.9
1.0

50
7.7
1.0

60
7.5
1.0

Jar Test #2^
Jar Number
Ferric Chloride (mg/1)
pH of mixed solution
Turbidity (NTU)
a
b

1

2

3

4

5

6

10
7.9
4.5

20
7.7
4.0

30
7.6
4.5

40
7.6
4.5

50
7.6
3.5

60
7.5
3.0

At dosages greater them 30 mg/1, pinpoint floe was observed at the end of
settling.
Jar No. 1 and 2 had pinpoint floe; jars three through six had large
precipitous floe at the end of settling.

Filter Solidification
The problem of filter solidification is thought to be a result of three
factors.

The first is inadequate treatment prior to filtration; the second is

insufficient length of backwash to remove sediment within the filter; and, the
third factor is the raw water is slightly oversaturated with respect to calcium
carbonate, as indicated by the Caldwell-Lawrence diagram.

The problems

generated as a result of the first two factors will hopefully diminish as facility
performance and treatment improves.

The third factor deserves special

consideration and treatment.
With

the

raw

water being oversaturated

with respect

to

calcium

carbonate, it is thought that calcite precipitation is occurring and cementing
the filter media together.

To verify this, a sample of the encrusted filter

media was obtained and analyzed.

The cementing agent of the filter was
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Figure 11. Design and operation diagram for alum coagulation
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separated from the media by grinding and sieving the sample.

Montana State

University's Chemistry Station determined by atomic absorption spectroscopy
the calcium content of the cementing agent to be 19%. This high concentration
of calcium plus the fact that the cementing agent fizzed vigorously when acid
was applied, and the water is oversaturated with calcium carbonate, is a good
indication that calcium carbonate could be the cementing agent. The chemistry
station also reported undissolved residual particulates after sample digestion
with hydrofluoric and nitric acid. This undigested particulate could possibly be
inert soil particles that are commonly removed as turbidity during filtration.
The suspended solids removed during filtration that remain in the filter
after backwashing could be enhancing or accelerating the filter solidification
problem.

The remnant particulates increase the overall surface area of the

filter media, and as stated in Loma's write-up calcium carbonate precipitation
is a surface controlled phenomenon.
intensity

by

having

filtered

The problem could be compounded in

sediment

remain

within

the

filter because

increasing available sites for precipitation greatly increases precipitation.
Therefore,

reducing

the

sediment

load

within

the

filter

with

thorough

backwashings will decrease the amount of calcium carbonate precipitation.
Another important aspect of the filter solidification problem is that
calcium

carbonate precipitation can be controlled by means of chemical

inhibitors or sequestering agents.

Inhibitors commonly employed in water

treatment are the polyphosphates (McFarland, 1983; Larson, 1957; Sawyer and
McCarty, 1978).

These chemicals interfere with the precipitation process by

combining with the calcium ion to form a very soluble compound, thereby
preventing the ion from reacting with other more-insoluble chemical species
such as carbonate.
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Loma’s

water

treatment

facility

currently

uses

sodium

hexametaphosphate as a sequestering agent to prevent filter encrustation. This
polyphosphate

is

manufactured

available within Montana.

by

FMC

Corporation,

and

commercially

For treatment, Loma uses a one percent stock

solution and doses at 0.5 ppm.
The literature sources vary on the recommended dosages for sodium
hexametaphosphate.

ASCE, AWWA, and CSSE (1971) suggests using between

0.25 and 1.0 ppm for treatment and Degremont (1979a) proposes using not more
than 2 ppm.

ASCE, AWWA, and CSSE also states that hexametaphosphate is

corrosive and a rubber-lined tank should be used for storing the stock solution.
The parts of the metering pumps in contact with the solution should also be
made of corrosion-resistant materials such as plastic or stainless steel.

One

final note is that the stock solution needs to be continually mixed to be
effective; the shaft and propeller of the mixer should be of stainless steel
construction.

Recommendations

This section presents recommendations that should aid in solving the
problems associated with the algae, turbidity, and filter.

Algae
For the six-million-gallon-capacity reservoir, a 1 ppm dosage of copper
sulfate equates to 50 pounds per application.

Copper sulfate should be applied

just prior to the reservoir water reaching the critical temperature. Initially an
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application of once a month should be employed until the water temperature
drops below critical. If once a month fails to produce results, try increasing the
application frequency at a 1 ppm dosage.
The operator should be sure to dissolve the copper sulfate in the reservoir
either by floating a basket which contains the chemical in the reservoir or by
applying a prepared solution of the chemical. Uniform application is important.

Turbidity Removal
Different alum dosages in the range of 30 mg/1 should be evaluated using
the facility, and product water should be used for preparing the stock solution
of alum. The manufacturer-provided injection ports should be used for applying
the alum solution.

Using the ports will enhance mixing and provide better

treatment of the turbidity.

Plant performance can be evaluated at the

different alum dosages by observing the loading on the filter, and performing a
filter effluent turbidity versus time of filtration plot. Good pretreatment will
provide efficient treatment in subsequent processes such as sedimentation,
filtration, and disinfection.

Filter Solidification
The duration of filter backwash should be increased to the point where the
filtered sediment is substantially removed.

With good pretreatment, it is

possible that the duration of filter backwash cam be eventually decreased.
The rate of backwash should be seasonally adjusted to accommodate
different water temperatures.

Seasonally adjusting the rate of backwash will

help prevent media loss during backwash. The gate valve on the backwash line
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located at the base of the filter can be used for backwash rate adjustment. The
filter should also be periodically raked or stirred during backwash to remove
stubborn sediment.
On occasion, the filter media should be visually inspected for signs of
cementing.

If cementing is still occurring after correcting the pretreatment

problem and increasing the duration of the filter backwash then sodium
hexametaphosphate should be dosed to the raw water.

A one percent solution

and a dosage of 0.5 ppm is recommended. The solution should be injected at the
manufacturer-provided injection ports.

The literature reviewed does not

mention limitations in the application of polyphosphates or potential problems
in dosing the chemical along with other water treatment chemicals. It would be
prudent to perform jar tests using polyphosphate and the other treatment
chemicals added to determine the effect of adding polyphosphate in treatment.
Dosing the polyphospate may result in a decrease in effluent turbidity because
it is possible that part of the turbidity leaving the facility is calcium carbonate
precipitate, and in adding polyphosphate to the stream the precipitate will be
eliminated.

Results

The operator at Power's facility reports that he has increased the alum
dosage, and initiated the addition of a polymer.

These actions have proven to

be successful in improving product water quality.

Power is currently meeting

the turbidity standard. The operator has also increased the quantity of copper
sulfate added to the presedimentation reservoirs during algae treatment. With
this higher dosage, the algae problems have reportedly diminished. The addition
of polyphospate has not been implemented.
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CHAPTER V

SUMMARY

A summary of the improvements and discoveries that have resulted from
the study, and measures that can be taken to further improve water treatment
and operation at each of the facilities are presented in the following discussion.
The

investigation

at

Harlem's

facility

pinpointed

the

problem

of

backwashing the older filter. It was discovered that the backwash pump is too
small to effectively backwash the older filter, and is suspected that the filter
underdrain system is severely clogged with calcium carbonate scale.

The

information presented in the paper substantiate algae as being the most
probable cause of the seasonal oil film, filtration, and taste and odor problems.
Information as to how to eliminate these algae problems with a preventative
maintenance program using copper sulfate is presented in detail in the paper.
The quality of the product water at Loma's water plant has improved and
the facility is currently meeting the Maximum Contaminant Level for turbidity.
This improvement in treatment is thought to be a result of two factors: (1)
Better filter operation due to a smaller variation in water surface elevation
during filtration, and (2) better filtration as a result of replacing alum with
polymer during softening. In addition to these improvements, alum is no longer
wasted during treatment, which may be a savings in operating costs.
Successive trials to produce a sludge blanket during softening at Loma's
water plant are presented in the paper.

In regards to this problem, it is

believed that with operator experimentation with the pH of the water within
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the solids contact clarifier, polymer softening aids, soda ash, and possibly the
Caldwell-Lawrence Diagram during softening, a stable sludge blanket will be
generated.

The overall facility performance during softening should improve

once a sludge blanket is generated.
The product water quality at Power’s water treatment facility has
improved due to elimination of algae problems and a reduction in effluent
turbidity.

The problems with algae and the resulting tastes and odors have

reportedly been eliminated by increasing the copper sulfate addition to the
presedimentation reservoir during algae treatment.

By increasing the alum

dosage and adding polymer to the raw water, the operator has improved the
product water quality to a point where it currently meets water quality
standards for turbidity.
Data obtained from the encrusted filter media sample, and raw water
quality for Power substantiate the cause of the filter solidification problem as
being that of calcium carbonate precipitation within the filter.
discusses the

occurrence of this problem

The paper

as well as treatment using a

polyphosphate for inhibiting calcium carbonate precipitation.
Not all of the problems at the facilities have been solved for a variety of
reasons. However, most of the problems have been resolved, and some of them
have been solved which have resulted in better plant performance, chemical
savings, and compliance with water treatment standards.
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