ABSTRACT

JAMVES WORK MOORE. Operational Evaluation of Pilot GAC Filter
Adsorbers (Under the Direction of DR FRANCI S A DI d ANO

Granul ar activated carbon (GAC) filter-adsorbers are becom ng
wi dely used in the United States for control of taste and odor and
syntheti c organi c conpounds (SOCs). Wiile filter-adsorbers are
relatively inexpensive to install, especially as retrofits to
existing filter beds, their Iimted enpty bed contact times (EBCTS)
and frequent backwashi ng may hanper control of organics.

A pilot plant consisting of three filter-adsorbers was
installed at the Franklin WIP in Charlotte, N C Although the
focus of this investigation was on the mcrobial quality of the
product water, other data were collected to assess the operationa
characteristics of of GAC as a filter and an adsorber of natural
organic matter (NOM.

The GAC filter-adsorbers reduced turbidity as |east as well as
the full-scale dual nedia filters at application rates of 2, 4, and
6 gpm ft* and backwash frequencies of one and two days. Simlarly,
headl oss accunul ations in the filter-adsorbers were conparable to
that in the full-scale dual nedia filters. The filter-adsorbers
did not effectively renove TCC, as 50% breakt hrough was observed in
less than 1 nonth for the | owest application rate in current
practice (2 gpm ft”) . This poor performance was attributed to nass
transfer limtations due to limted EBCT. Steady state renoval of

TOC was statistically significant at application rates of 2 and 4
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gpm ft”, but was observed to be no nore than 0.5 ng/L. Sone
st eady-state renoval of THWFP was al so noted; however, the

significance of this renmoval is dependent upon the new nmaxi num

cont anmi nant | evel s.
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CHAPTER 1. I NTRODUCTI ON

Granul ar activated carbon (GAC) filter-adsorbers are becom ng
wi dely used for control of taste and odor and synthetic organic
conpounds (SCCs). Wihile filter-adsorbers are rel ati vely
i nexpensive to install, especially as retrofits to existing filter
beds, their linited enpty bed contact tines (EBCTs) and frequent
backwashi ng may hanper control of organics.

The water utilities industry in the United States is
interested in the problens associated with retrofitting beds with
GAC. The Ameri can Water Wr ks Associ ati on Research Foundati on
(AWMRF) sponsored a pilot plant study of GAC filter-adsorbers at
the Franklin Water Treatnent Plant in Charlotte, North Carolina.
The primary focus of this investigati on was on the m crobi al
quality of product water and generation of carbon fines.

The scope of work for this project was divided into the
followi ng three aspects:

1. General operations of filter-adsorbers including total

organi ¢ carbon (TOC) renoval, turbidity renpoval, and
headl ess accunul ati on.

2. Mcrobial activity on GAC

3. Generation of carbon fines.

Previ ous reports by Cobb (1990) and Mallon (1991) di scussed
m crobial activity and carbon fines. This report provides
practical information on the operational aspects of GAC as a filter

and as an adsorber of natural organic matter (NOM .
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Proper operation of the pilot plant is a necessary first step
in the overall study. Additionally, this report analyzes the
br eakt hrough and steady state renoval of NOM Limted adsorptive
capacity renders GAC filter-sorbers econonically infeasible as a
met hod of reduction for nbst NOM and SOCs. However, m crobi al
bi odegradati on may all ow steady state renoval over significant
periods of tinme. This would allow utilities to inplenent GAC
filter-adsorbers to the new MCLs as set forth by amendnents to the
SDWA. The results presented in this paper both support and

conpl enment the scope of the AWMRF project.

The specific objectives of the studies described in this report

wer e:

1. Construct AWMRF filter-adsorber pilot plant at the
Franklin WIP in Charlotte, North Carolina and devel op
oper ati onal procedure.

2. Evaluate perfornmance of pilot filter-adsorbers as a
filter.

3. Evaluate perfornmance of pilot filter-adsorbers for
adsorption and bi odegradati on of organic nmatter.
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CHAPTER 2. BACKGROUND

Granul ar activated carbon (GAC) is currently being used in
over 150 water treatnent plants in the United States (Schuliger,
1988). The primary use for GAC in water treatnent is the renoval
of tastes and odors, which have been effectively renoved with bed
lives of 1-5 years (Graese et. al., 1987). In sone cases, (e.gQ.
Jefferson Parish, LA; Cncinnati, OH) GAC is enployed to renove
tri hal onet hane formation potential (THWP). However, the short bed
life for renoval of these conpounds is cost intensive, and thus
application is not very w despread.

Across Europe, GAC is placed in post-filter adsorbers for
renoval of THMVFP or other specific SOCs. In the United States, GAC
is commonly used in place of granular nmedia in conventional rapid
filters (GAC filter-adsorbers) for both turbidity and organics
removal (Graese et. al., 1987). Experience has shown GAC to be as
effective as sand for turbidity renoval (Hyde et. al., 1987).

The question of whether filter-adsorbers can be used to neet
future maxi mum contam nant |evels (MCLs) for specific conpounds is
i nportant because of |ower capital cost conpared to post-filter
adsorbers. Although effective for renoval of taste and odor, use
of filter-adsorbers for THVFP and ot her weakl y-adsorbed conpounds
is limted. One reason for this is the linmted EBCTs avail abl e due
to restraints inposed by existing filter structures in sand-
repl acenent filters. Shortened EBCTs require nore rapid
regeneration of GAC, resulting in higher costs.

Anot her issue related to filter-adsorbers is frequency of
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backwash. Solids |oading on filter-adsorbers requires nore
frequent backwashi ng, which causes a redistribution of particles
within the bed, elongation of the mass transfer zone (MIZ) , and
faster breakthrough of the contam nant(s) (Cairo et. al., 1979).

It is not yet fully understood if post-filter adsorbers are
advant ageous to filter-adsorbers with respect to backwash
frequency. Experience shows that post-filter adsorbers nust be
backwashed eventual |y, although certainly not as often as filter-
adsorbers. Research has shown no noticeable difference in
performance of GAC backwashed every day versus GAC backwashed every
thirty days (Wisner et. al., 1987).

Desi gn and operation of GAC processes are influenced by their
pl acenent in the treatnment schene. Two inportant considerations
for design of filter-adsorbers are nedia size and EBCT. Medi a
selection for filter-adsorbers nust acconmobdate both filtration and
adsorption requirenments. GAC nedia characteristics influence
headl ess devel opnment, filter run I ength, backwash requirenents, and
filtered water quality. A survey of several treatnment plants in
the United States shows filter-adsorbers to average 15 to 3 0 inches
of 12x40 nmesh (0.55-0.65 mm or 8x30 nesh GAC (0.80-0.90) over two
to twelve inches of sand (Gaese et. al., 1987). These sizes of
GAC provide the proper conbination of effective size and uniformty
coefficient to promote adsorption while allow ng for [onger filter
runs and better cleaning.

The sel ected EBCT directly inpacts the performance of the

carbon for renoving organi c conpounds (Westerhoff and M1l er,
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1986). In addition, as EBCT increases, the ratio of MIZ to EBCT
decreases, and the specific volune of water treated increases (Hand
et. al., 1989). A survey of filter-adsorbers in used show an
average EBCT of 8.6 mnutes with a range of 3.2 to 24.8 m nutes.
These filter-adsorbers produced an average effluent turbidity of
0.3 NTUwith an average filter run I ength of 55 hours when fed at
an application rate of 1 to 4 gpmft® (G aese et. al., 1987).

Much of current research is focused on mcrobial activity in
GAC beds. Bioactivity on GAC is encouraged in several Wstern
Eur opean countries, e.g. Germany, France, and the Netherl ands.
M cr obes exi sting on GAC bi odegrade organi ¢ conpounds | eading to
i ncreased steady state renpval and | onger bed |life. Research has
shown bi odegradation to renove 8.5% - 16% of influent TOC ( Mal oney,
1984). This renoval nay be further enhanced by pre-ozonation
(Mal oney et. al., 1986).

In U S. water treatnent plants, however, practice is often to
i npair or preclude devel opnent of biological activity by pre-
chlorination, rigorous scouring of filter nedia, and frequent
backwashi ng (Bouwer, 1988). This is largely due to concern over
t he possible release of nmicrobially-populated carbon fines into the
distribution system Populated GAC filter fines have been found in
drinking water from nunerous properly operated treatnent facilities
(McFeters, 1987). Bacteria on GAC has been found to be resistant
to 2.0 nmy/L chlorine for up to one hour of exposure (MFeters,
1987) . This trade-off of enhanced organic renpval versus the

threat of mcrobial contam nation of water systens is the inpetus
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for this project.
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CHAPTER 3. NMVETHODS AND NMATERI ALS

3.1 Treatnment Plant Description

The 72 MG Walter M Franklin Water Treatnent Plant (WP),
built in 1958 and upgraded in 1967, 1981, and 1990, currently
produces three-fourths of the water used by custoners in the
Charl otte Meckl enburg Utility District (CMJD). A schematic of the
Franklin WP process train is shown in Figure 3-1. The water is
treated by coagul ation, floccul ation, sedinentation, filtration,
and di si nfecti on.

The raw water is supplied from Mountain |Island Lake which is
fed from Lake Norman, an inpoundnent on the Catawba Ri ver. Water
from Mountain |Island Lake is punped to a 250 mllion gallon
reservoir located next to the plant for tenporary storage prior to

treatment. Characteristics of the water are given bel ow

Pl ant fl owr at e: 35-40 MGED

Turbidity: 3-25 NTU, avg= 8 NTU

Threshol d Odor Nunber: 7-9, avg= 8

Al kalinity: 10-15 ng/L as cal ci um carbonate

Powder ed activated carbon (1-2 ng/L) and chlorine (2-2.5

ng/ L) are added to the water in the flash m xer feed lines for
taste and odor control and disinfection. |In the flash nixers, 9-
11 ng/L of alum numsulfate is added for destabilization of
colloids that cause turbidity. After flocculation, water flows

t hrough the sedi nentation basins, over a weir and onto the filters.

Fl uorine (0.9-1.2 ng/L), chlorine (0.12-1.0 ng/L), and linme (10-12
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itig/L) are added to the filtered water prior to release into the

di stribution system

3.2 Pilot Plant Description

The pilot plant was |l ocated in the basenent of the filter
buil ding at the Franklin WIP. Settled water fromthe Franklin WP
was used as feed for the pilot plant, elimnating the need for
si nmul ati on of coagul ation, floccul ation, and sedi nentati on
processes.

The pilot plant consisted of three polyvinyl chloride filter
housi ngs having a height of 13 0 in. and a dianeter of 4 in. A
di agram of a typical pilot filter-adsorber is shown in Figure 3-2.
These contained 3 0 in. of GAC over 12 in. of sand. A valved feed
line near the top of the housing delivered water fromthe Franklin
WP sedi mentation basin. Al so near the top of the housing were the
filter overflow and backwash exit |ines, both connected to the
drain. The location of the filter-adsorber overflow allowed for 6
ft of water on top of the nedia and 9.5 ft of total avail able head
t hrough the nedia. The col ums were equi pped with Canp nozzl e
underdrai ns that connected to three valved lines for filtered water
ef fluent, backwash feed, and air scour. Sanple ports were | ocated
at GAC depths of 2, 15, and 3 0 in. to allow for collection of water

and nedia. In addition, other sanple ports throughout the nedia

were connected to manoneter tubes to allow for headl ess
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nmeasur enent .

The flow diagramfor the pilot plant is given in Figure 3-3.
Water was taken froma position in sedinentation basin at the
Franklin Plant that was approximately 3 ft bel ow the surface and
directly below the overflow weir. The water was gravity-fed to the
pilot plant feed manifold, which consisted of ball valves to
distribute flowto the filters. Water fromthe manifold flowed in
excess to the top of the filters. Variabl e-speed centri fugal
punps, connected to the filter underdrains, controlled the flow
through the filters. Any excess water fromthe manifold drained
through the filter overflows. Feed water and filtered water
sanpl es were collected at taps | ocated at the manifold and punp
suction, respectively.

Filtered water was punped into 55 gallon clearwells. Overflow
taps at the top of the clear wells drained excess flow while
keeping the wells full at all tines. The clearwells served as
reservoirs for backwash water. Pilot plant valving allowed for the
vari abl e-speed centrifugal punps to also be used as backwash punps.
During backwashing, filtered water was punped fromthe clearwells,
back through the filters and out the backwash drain at the top of

the filter. Backwashing was augnented with air scour.

3.3 Pilot Plant Operation

Prior to each run, the filters were charged with 12 in. of

11
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Franklin WIP sand and 3 0 in. of fresh 8x3 0 GAC (Calgon Filtrasorb
300) . The specific characteristics of the nedia are listed in
Tabl e 3-1.

Tabl e 3-1: Pilot Plant Medi a Characteristics

Medi a Dept h Effective Size Uniformty Coefficient
GAC 30 in. 0.8-0.9 mMm 1.9-2.4
sand 12 i1 n. O. 5 M

The characteristics of 8x3 0 GAC cl osely resenble anthracite;
this GACis widely used in filter-adsorbers (G aese et. al., 1987).
The sand provided an extra barrier against turbidty breakthrough.
The filters were backwashed with filtered plant water several tines
after charging to assure initial carbon fine renoval and bed

stratification. Feedwater supplied to the pilot plant for Runs

One and Two was Franklin Plant settled water. Characteri stics of

the feedwater for both runs are given below in Table 3-2.

Tabl e 3-2: Pil ot Pl ant Feedwat er Characteri stics

Faanr anret er —Rua M A —Rua M =

> H S. - 7. O sS. O- &6 S
Aver age Tur bi di tvy, NTU 1. 1 0. 7
A\ er ages Col or 9 9
Al kali nity, ng/ L as CaCO3 15 15

3.3.1 Pilot Plant Runs

The operating condition for the two pilot plant runs discussed

13
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inthis report are summarized in Table 3.3 bel ow

Table 3.3 Pilot Plant Runs

Oper ati ng Condi ti ons

Rat e EBCT Backwash

Run Filter (acm ftAn (min) Fr equency
1 1 2 8.2 72 hr
2 6 2.7 24 hr
3 4 4.1 48 hr
2 1 4 4.1 48 hr*
4 4. 1 24 hr
3 4 4.1 48 hr

* pbackwash water was chlorinated to 2 ng/L

3.3.1.1 Run One: Effect of Application Rate on Perfornmance

The purpose of Run One (Decenber 16, 1988 - April 8, 1989) was
to determine the effect of settled water application rate and
correspondi ng EBCT on filter-adsorber performance. Feed rates were
set by the variabl e-speed centrifugal filter punps and neasured by
Wheat on rotaneters | ocated on the discharge side of the punps.
Filter 1 was set at 2 gpmft”~. Filter 2 at 6 gpmft”® and Filter 3
at 4 gpmft”,

Operating three filters at different application rates with
the same feed water produced three different rates of headl ess
accunul ation. During Run One, Filter 1 (2 gpmft”) was backwashed
every 72 hr. Filter 3 (4 gpmft”) every 48 hr, and Filter 2 (6
gpm ft”) every 24 hr. Backwashing at a given tine rather than at

- —_— N 2 14
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a designated headl oss assured adeguate plant staff availability in
case of breakdown and m nim zed operator oversight. The standard
backwash procedure used for all filter-adsorbers during Run One is
di scussed in Section 3.3.2 of this report.

Qperators nonitored the pilot plant every four hours, checking
and recording application rates, and filter effluent turbidities,
and filter headl osses. Turbidity and headl oss neasurenents are

di scussed later in Section 3.4 and 3.5 of this report.

3.3.1.2 Run Two; Effect of Backwashi nqg Strategy on Perfornance

The purpose of Run Two (May 17-August 7, 1989) was to
determ ne the effect of backwash strategy on filter-adsorber
performance. During Run Two, all filters were run at an
application rate of 4 GPMft”. Filters 1 and 3 were backwashed
every 24 hr, and Filter 2 every 48 hr. Filter 1 washwater was
chlorinated to 2 ng/L by addi ng approxi mately 40 nL of chlorine
bl each to Cearwell 1 prior to backwashing. Actual backwashi ng

procedure and pilot plant nonitoring were continued as in Run One.

3.3.2 Procedure for Backwashi nqg of Filter-Adsorber

The standard backwashi ng procedure used during Runs One and

Two was devel oped in accordance with recomrendati ons fromthe

literature (G aese, 1987). Table 3.4 presents the backwash

15
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Table 3.4 oper at or | nstructions for Backwashing of

—
o

11.
12.

13.

14,

15.
16.

17.
18.
19.

20.

© ©®~N oA 0N e

t er - Adsor bers

PI LOT FI LTERS BACKWASH PROCEDURES

Shut off source water for unit

Al'low water |evel to reach 6" above top of filter media

Turn of f punp

Shut of valve on bottomof unit that feeds punp

Qpen val ve on bottomof unit for backwashing

Qpen conpressed air valve and set co - 2.5 ps

Qpen air scour valve on bottomof unit (visually adjust rate to slow boil)
Reverse 2 valves at punp to draw frombarrel and feed to backwash filter.
Switch punp on and adjust to 0.5 GPM (make sure punp isn't air-locked)
Wien water |evel reaches 6" below waste [ine, turn off air scour

(NOTE: As water level is rising, the air pressure mght have _
to be increased to counter increase in head and maintain slow boil)

Increase punp rate to 1.4 GPM

Backwash at this rate for 5.5 mnutes

Shut of f backwash punp

Reverse 2 valves at punp to original settings (punping to druns)
Qpen valve at bottomof unit that feeds punp

Cl ose backwash valve at bottom of unit.

Switch punp on and adjust to normal setting.

Open source water valve to unit

Shut off conpressed air valve on the wall

Do a final check to see chat water is comng into the unit and being
punped out to the drumat the desired rate.
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procedure in the formof operator's instructions. The initial
backwash rate was 5 gpm ft” and included air scour. After
approxi mately 2 mnutes, the air scour was ceased, and the backwash

rate was increased to 14 gpmft” for 5.5 mnutes.

3.4 Measurenent of Turbidity

Hach Low Range Process Turbi dineters sanpled water fromthe
di scharge lines of the filter punps. Turbidity neasurenents were
recorded every four hours by the plant operators during routine
I nspection. The turbidineters were calibrated according to

manuf acturer's specifications by the Franklin plant instrunment

staff prior to the start of each run.

3.5 Measur nent of Headl oss

Filter headl osses were nmeasured by tygon nanoneter tubes

that were inserted into ports |ocated along the depth of the

filters. The tubes were attached to a board which was mar ked- of f
in 0.2 5 ft increnents. The total headl oss across the filter was
the difference in water | evels of manoneter tubes connected to
ports |ocated at points in the filter freeboard and underdrain.

Operators recorded total headl oss every four hours during routine

i nspection of the pilot plant.
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3.6 Measurenent of Total O ganic Carbon

Total organic carbon (TOC) sanples were analyzed with an 0. |
Corporation Mdel 7 00 TOC Anal yzer. Sanples introduced into the 01
700 were automatically acidified with 5% phosphoric acid, purged to
remove inorganic carbon, and anal yzed to neasure inorganic carbon
After the purging step, sodiumpersulfate (100 g/L) was introduced
to the sanple in a 100°C reactor to oxidize the organics to carbon
di oxi de. The carbon di xoi de was subsequently purged to an IR
detector and measured against a linear KHP calibration to yield TOC
(actual Iy non-purgeabl e organic carbon). The specifications for
this instrunment indicate + 2% of full scale error as a result of
the linear assunption and + 2% of full scale error of
repeatability for sanple concentrations greater than 0.002 ng/L
(Harrington, 1987).

TOC sanples were collected daily in 40 mM septumvials. The
sanpl es were dosed with concentrated nitric acid to inhibit

bi ol ogi cal activity, refrigerated, and analyzed within tw weeks of

col | ecti on.

3.7 Measurenent of Trihal omet hane Formation Potential (THVP)

Sanpl es anal yzed for THVWP were buffered with a phosphate
buffer solution and chlorinated to 2 0 my/L with a stock solution of

sodi um hypochlorite. After a five day incubation period in the
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dark, the sanples were anal yzed for remaining chlorine residual,
and THVs were extracted using a liquid/liquid technique. The
sol vent used was n-pentane with carbon tetrachl oride as an internal
standard. After extraction, THVs were chronatagraphed on SP-1000
using a GC equipped with a "N electron capture detector. For a
nmore detailed description of THVP anal ytical procedures, refer to

Reckhow (1984).
3.8 Determnation of GAG Adsorption |sotherm

The equilibriumadsorption of TOC in plant settled water was
determned using the bottle point nethod as described by Randtke
and Snoeyink (1983). GAC (Filtrasorb 300) was prepared by washing
with distilled-deionized water, drying at 110°C and grinding to 200
X 325 U. S. Standard nesh size. After preparation, different
dosages of activated carbon were added to 16 bottles, each
containing 100 m. of settled water fromthe Franklin WIP with a
known TOC concentration of 1.47 ng/L. Activated carbon doses
ranged from2 to 2 40 ng/L; one bottle contained no activated
carbon. Phosphate buffer (3 ng/L) and sodiumazide (5 ng/L) were
added to the sanple bottles to maintain pH and inhibit biological
degradation of TOC, respectively. The bottles were then placed on
a tunbler and equilibrated for 7 days at roomtenperature.

After equilibration, the sanples were filtered with 0.45 um

nmenbrane filters to renove the activated carbon. The filters had
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been pre-soaked to remove any residual TOC. The TOC of the sanples

was neasured after filtration.
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CHAPTER 4. RESULTS AND DI SCUSSI ON

4.1 Turbidity Renoval

4.1.1 Raw and Settled Water Turbidity During Pilot Plant Studies

Results of turbidity measurenments made during this study are
presented in the formof frequency plots in Figures 4-1.
| nspection of these data shows that 95%of the tine the raw water
turbidity during Run One was less than 4.8 NTU and 50% of the tine
the NTU was |ess than 2.7. During Run Two, 95%of the time the raw
water turbidities were less than 9.2 NTU and 50% of the time |ess
than 6.7 NTU.

The higher raw water turbidity found in Run Two than Run One
was attributed to seasonal |ake dynam cs. Changes in tenperature
cause | akes to turn over during the spring and fall. Associ ated
with these turnovers is increased turbidity as nurky water near the
bottomof the lake is cycled to the surface. Run Two occurred My
17- August 7 and included water fromthe spring turnover. Run One,
on the other hand, occurred Decenber 16-April 8, between the fal
and spring turnovers. The difference in raw water turbidities
bet ween Runs One and Two, however, is not reflected in the settled
water turbidity data. This shows that Franklin plant maintained
effective coagulation, flocculation, and sedinentation throughout

bot h runs.


NEATPAGEINFO:id=893E51E8-AE66-4154-9FC9-8BA8A156001F


10

Figure 4.1

"RAM

Franklin WIP Turbidities

-4- RAW 2 - SETTLED 1 A SETTLED 2

Percent Less Than O Equal To

100


NEATPAGEINFO:id=1A131225-A68A-4294-AE97-C638B5E4A44D


4.1.2 Effect of Application Rate on Turbidity Removal (Run One)

Filtered water turbidity data fromRun One is presented in Figure

4-2. Because a common nani fold was used to deliver settled water
toall three filters, it was assumed that the feed water was of the
sane turbidity. The data in Figure 4-2 show that the same product
water turbidity was obtained regardl ess of application rate.
Al though 4 gpm ft™ is widely considered standard practice for a
filter application rate, Lykins and Adams (1989) give several
exanmpl es of comparable filter performance at application rates to
6 gpm ft™. Further, Gaese et. al. (1987) reports successful
turbidity removal by 8x3 0 GAC and sand filters at filter
application rates ranging from1l to 3.5 gpm ft”. In addition, it
woul d appear that the GAC pilot filter-sorbers were nore effective
at turbidity removal than the Franklin dual nedia sand-anthracite
filters: 90%of filtered water turbidity values fromthe pil ot
filter-adsorbers were Iess than 0.02 NTU as conpared to 90% of the
val ues fromthe Franklin dual media filters being 0.10 NTU. While
GAC has been shown to be better than anthracite for turbidity
renoval due to increased surface angularity (Hyde, 1987), the
I naccuracy of the turbidineters at turbidities this [ow (less than

0.1 NTU) prevent drawing a definite conclusion.
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4.1.3 Effect of Backwashing on Turbidity Renoval (Run Two)

Figure 4-3 represents filtered water turbidity data from Run
Two. As in Run One, considering the precision of the turbidineter,
there is no discernible difference anmongst the pilot filters or
between the pilot filters and the Franklin plant filters. This is
not unexpected since the backwash strategies enployed during Run
Two were not expected to alter turbidity renoval.

4.1.4 Conclusions on Turbidity Renoval

Overal |, these turbidity data suggests GAC filter-adsorbers
were as effective in renoving turbidity as sand-anthracite filters.
In addition, performance was not affected by application rate or
the different backwash strategies enployed. As shown in Figures 4-
2 and 4-3, 90%of the time the filtered water turbidities for the
filter-adsorbers were below 0.2 NTU. The few high turbidity val ues
beyond this range may be explained by readings recorded soon after
backwashing, i.e., during the ripening stage of filtration.
However, overall the turbidity values were very | ow and suggest
that performance met the current MCL of 1 NTU and the proposed NTU
of 0.5 without difficulty.

Removal of turbidity by the filter-adsorbers during Runs One
and Two was undoubtedly aided by the 12 in. sand |ayer placed bel ow
the GAC. Wiile sand is an effective barrier against turbidity
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breakt hrough, it also reduces the adsorptive capacity of the
filter-adsorber by taking up filter-box volune that woul d otherw se
be occupied by additional GAC. THe occupation of filter-box vol une
by sand can be even nore problematic for existing filter boxes that
are relatively shallow The ColiformRule, as part of anmendments
to the Safe Drinking Water Act, sets a maxinumlevel for turbidity
at 0.5 NTU. The filtered water turbidities were much |ower than
this goal, and suggests less sand coul d have been used. Further
I nvestigations should address the proper depth of sand |ayer to
mai ntain conpliance with the ColiformRule while maximzing the
adsorption capacity of the filter-adsorber.

4.2 Headl ess Accunul ati on

Each filter run generated a series of headl ess data. Headl oss
readings were then organized with respect of time into each filter
run. All of these individual filter runs were averaged over the
entire pilot run (two to three nonths of data) in order to generate
representative curves for headl oss accunmulation. Included with the
curves are confidence intervals with a coefficient (1 - a) =0.95.
Both filter run tine and volume of water filtered to a given filter

run tine were of interest.
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4.2.1 Effect of Application Rate on Headl oss Acctinulation

Figure 4-4 shows the average headl oss accunul ations as a
function of filter run time in Run One. The order of increasing
headl oss was for application rates of 2, 4, and 6 gpm ft™.
Assum ng consistent settled water quality between the filter-
adsorbers and conparable filtered water turbidities, each of the
three filter-adsorbers renoved the sane amount of turbidity per
unit volume of water treated. Thus, it was reasonable to expect
headl oss to accunul ate faster as application rate (and vol ume
applied per unit time) increased.

The effect of application rate on headl oss accunul ation was
normal i zed by plotting headl oss as a function of bed vol unes

filtered (BVF) . BVF = Q/Vg, where Qis flowrate, t is the tine
of saturation, and Vg is the volume of the filter bed. The results
are given in Figure 4-5. The headl oss accunul ations with BVF are

fairly parallel for each application rate. A higher initial
headl oss with higher application rate is expected based on filter
hydraul i cs.

Cal cul ating the slopes of headl oss accumul ation vs. BVF data
produces the average headl oss accunul ation rate for each filter-
sorber, during Run One. Table 4-1 lists these rates in addition to
accunul ation rates for Franklin plant filters during the sane tine.
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Table 4-1. Average Headl oss Accunul ation Rates During Run One
Application Rate Pilot Franklin WP

P SIREE  gyginipe

A conparison of headl oss accunul ation rates between the
filter-adsorbers shows application rate to have no discernible
effect on filter headloss accumulation. In addition, these rates
are simlar to those in the full-scale filters at the Franklin

pl ant.
4.2.2 Effect of Backwashing on Headl oss Accunul ation (Run Two)

- Average headl oss accumul ation curves for Run Two are shown in
Figure 4-6. Nornmalization of application rate by BVF is not
necessary for these data since all of the filter-sorbers were
operated at the same application rate of 4 gpmft®. Corresponding
headl oss accunul ation rates (fromthe slopes of the data in Figure
4-6) for the filter-adsorbers are calculated in Table 4-2.

Tabl e 4-2: Average Headl oss Accxinulation Rates During Run Two
Backwash Strategy Headl oss Accunul ati on Rate

dall él)a 3|rn$ %?w igl(g]P %

ch orlnate ever “days 1. 37 |n

The data in Table 4-2 show that backwash frequency had no
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effect on headl ess accunul ation rate. However, the filter-adsorber
backwashed with chlorinated water exhibited a much higher rate.
This is not easily explained. It is possible that chlorine had a
brittling effect on the GAC, however, at 2 ng/L, only 0.076 grams
of mass chlorine were added to this filter-adsorber during
backwashing. This is small conpared to the 5.2 grans of chlorine
received by all of the filter-adsorbers fromthe feed water during
every filter run.

Over time, the shape and/or size of the media could have been
changed due to nunerous backwashings. However, filter runs during
the first 5 days of Run Two averaged headl ess accumul ations of 1.32
in./hr while filter runs during the last 5 days average 1.3 5
in./hr. It is evident that time was not a factor. This would also
rul e out any biol ogical explanation considering the filter-
adsor bers woul d becone nore populated with tine.

Anot her possible explanation is operator error in measuring
headl ess. A conparison of headl oss data between the two runs shows
| arger confidence intervals in Run Two. This suggests the data
were not as consistent throughout this run. It is possible the
manonet er tubes becane fouled with activated carbon dust and nore

difficult to read over time. Assessing the confidence intervals in

Figure 4.6, it is difficult to determne if the difference in the
sl opes of the curves is real or the result of error in measurenent.

Expressing headl oss accumul ation rates as in./BVF allows
conparison of results fromRuns One and Two. The operation of the
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filter-adsorber backwashed every other day during Run Two is
i dentical to the operation of the filter-adsorber with an
application rate of 4 gpmft™ during Run One. Wiile simlar
headl oss accunul ation rates woul d have been expected, that in Run
Two was nuch higher. One possible explanation is a change in
settled water quality between the two, pilot-plant runs. Section
3.1 of this report described differences in raw and settled water
turbidity in the two pilot runs. Raw water turbidity was higher in
Run Two than in Run One but settled water turbidity remained about
the same. Nevertheless, the higher raw water turbidity meant an
increase in floe in the sedinentation basins. The intake for the
pilot plant was |ocated approximately 3 ft. below the surface of
t he sedimentation basins. Thus, the settled water turbidity
nmeasured by plant personnel is not necessarily the actual turbidity
entering the pilot plant. It is possible that the increased amount
of floe in the sedinmentation basins resulted in a higher
concentration of floe (and thus higher turbidity) to the pilot
filter-adsorbers during Run Two. This would explain the higher

headl oss accunul ati on r at es.
4.2.3 Concl usions on Headl oss Accunul ati on

Overall, the performance of the filter-adsorbers was

conparabl e to conventional filters over a range of application
rates and backwash conditions. The explanation for increased rate
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of headl ess in the chlorinated-backwash filter-adsorber remains
uncl ear. Perhaps the additional floe in the feedwater to the pilot
plant during Run Two was not evenly distributed by the manifold,
and this particular filter received a heavier [oad. Alternatively,
errors in reading the manoneter tubes could have occurred. As
noted in Section 3.1, sand used in the filter-adsorbers may not be

necessary to prevent turbidity breakthrough. Elimnating the sand
| ayer may |essen the rate of headl ess accunul ati on.

4.3 TOC Renobval

4. 3.1 TOC Renpval — Run One

The effect of application rate on TOC adsorption was
investigated in Run One. As application rate increased, the
adsorbate | oading rate (mass/tine) increases and the EBCT of the
filter-adsorber decreases. According to the sinple eguilibrium
adsorption nodel, loading rate increases and the tine to reach
exhaustion of adsorbent capacity shoul d decrease. As EBCT
decreased, the ratio of the MIZ to EBCT increases thereby causing
the MIZ to conprise a larger portion of the length of the filter-
adsorber. If the MIZ is large (due to slow mass transfer
characteristics) , as is the case for NOM nore adsorbate escapes
into the product water and Iess of the total adsorptive capacity is
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utili zed.

Figure 4-7 presents TCOC breakthrough data from Run One.
Sanples for Day 1 were collected inmediately after start-up of the

filter-adsorbers. Presence of TOC in these sanples suggest either
a non-adsorbable fraction of TOC or severe mass transfer

limtations caused by insubstantial EBCT.

A comparison of fractional TOC breakthrough curves is
presented in Figure 4-8 by nornalizing the product water TOC data
by the average feed TOC. The general trend (although the data show
consi derabl e scatter) is for TOC breakthrough to occur |ater as
application rate decreased. For exanple, 50% breakthrough occurs
al most immediately for the application rate of 6 gpmft”, whereas
it occurs between Day 11 and Day 15 for 4 gpmft” and between Day
22 and Day 28 for 2 gpm ft*.

The effect of application rate on mass |oading rate of TOC can
be normalized by plotting TCC breakthrough as a function of BVF
rather than time. As shown in Figure 4-9, it is difficult to
determ ne one conmon shape for the initial pattern of the
breakthrough. This suggests that the effect of mass loading rate
al one may not explain differences with application rate.

The effect of increasing the ratio of MIZ to EBCT as
application rate is increased can al so be exam ned. The anount of
TOC adsorbed to sone target TOC in the product water is calcul ated
for each filter-adsorber by subtracting the area under the filter-
adsor ber breakthrough curve (Figure 4-7) fromthe area under the
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feed water TOC curve. This area is calculated up to the tinme when
1 ng/L of TOC appears in the product water, or Days 9, 12, and 23
for the 6, 4, and 2 gpm ft™ filter-adsorbers, respectively. Using
the trapezoidal rule for area calculations, TOCC renoved at each
application was 29 grans at 2 gpm ft”, 24 grans at 4 gpm ft”, and
16 grans at 6 gpmft”. The decrease in TOC renoval with increasing
application rate suggests that the effect of MIZ/ EBCT ratio is

i mportant.
4.3.2 Approach to Steady State Renoval —Run One

After adsorption capacity is exhausted, renoval of adsorbate
can continue to be realized through bi odegradati on. Data shown
after Day 100 in Figure 4-8 suggest that steady state renoval of
TOC may be occurring, though scatter in the data prevents draw ng
a definite conclusion. T-tests anal yses were perforned to

determ ne at what |level the differences between the average

feedwater TOC concentration after Day 100 (Up) and the average
filtered water TOC concentrations after Day 100 (U, u”®, u®) were
statistically significant. Results fromthese anal yses, sumarized
in Table 4-3, show removal of TOC to be statistically significant
at a confidence level greater than 99%for application rates of 2
gpm ft® and 4 gpm ft”. Renoval for the application rate of 6
gpm ft* was shown to be at a nmuch |ower confidence |evel, as was
the difference between the 2 and 4 gpm ft” renovals.
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Table 4-3: T-test Anal yses on Significance of Run One
St eady- State TOC Renova

TOC ng/ L
Scunpl e Mean, u Stdrd. Dev. Sanpl es
Feed 2. 63 0.12 9
2 GPMftA 2. 04 0. 32 9
4 GPMftr 2.19 0. 32 9
6 GPMftA~ 2.43 0. 29 9
Nul |
Hypot hesi s T-val ue p-val ue
A2) 0 5. 23 < 0.01
o 3. 90 < 0.01
0 1.93 0.05 < p < 0.10
(/\4 /\2) o 1. 00 > 0. 20

To further evaluate the attai nment of TOC steady-state
removal , the mass of TOC removed for each filter-adsorber was
plotted with respect to mass of TOC applied in Figure 4.10. These
data were obtained by using the areas under feed and breakt hrough
curves in Figure 4-7 as explained in Section 4.3.1.

During the initial stage of filter-adsorber operation, the
mass of TOC renoved per mass of TOC applied (i.e., the slope of
Figure 4.10) is considerably larger than the |ater stage. O her
investigators (Maloney et. al., 1984) have interpreted the shift in
renmoval rate to an exhaustion of adsorption capacity and an
attainnent of some constant renoval rate due to biodegradation. If

adsorption alone were occurring, the rate of TOC renoval woul d
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slowy decrease and the slope in Figure 4-10 would reach zero.
Al ternatively, biodegradation would |ead to a steady-state renoval

or constant slope. Al though the data during the |ater stage of
filter-adsorber do not describe a perfectly linear relationship,
there i s reasonabl e evidence for a steady state condition. The
steady- state renoval is not clearly shown to increase with
decreasing application rate as may be expected if a |arge EBCT was

i nportant for achieving biodegradati on.
4. 3. 3 TOC Renoval —Run Two /

Backwashing is known to redistribute nmedia, even in beds with
high uniformty coefficients. Redistribution of GAC in an
adsorption colum results in elongation of the mass tranfer zone
and faster breakthrough of TOC (Hand et. al., 1989). O her
researchers (Gaese et. al. , 1987) also report decreases in time of
br eakt hr ough due to backwashi ng. However, in another report,
Wesner et. al. (1987) concludes that while backwashing reduced the
time of breakthrough, there was little difference in breakthrough
of filter-adsorbers backwashed daily versus filter-adsorbers
backwashed nonthly.

Figure 4-11 shows the feed TOC and the TOC breakt hrough curves
for three different backwash strategies used in Run Two. All three
filter-adsorbers were operated at the same application rate (4
gpm ft”) and therefore the breakthrough curves shoul d be expected
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to be the sane if backwashi ng strategy had no effect. These
suggest this to be true. A sinilar conclusion is reached from
Figure 4-12, in which the breakthrough curves have been nornalized
by the average feed concentration of TOC. Thus, TOC breakt hrough
was not noticeably altered by increasing the backwash frequency by
a factor of two (once every day conpared to once every two days)

nor by addition of chlorine to the backwash wat er.

4.3.4 Approach to Steady State Renpval —Run 2

TOC renoved during Run Two is plotted against TOC applied in
Figure 4-13. For conparison, the corresponding data for the
application rate of 4 gpmift™ from Run One (backwashing once every
two days) are al so shown. Wiile TOC renoval rate was initially the
same for all three filter-adsorbers in Run Two, the rate at |ater
st ages was neasureably |lower for the filter-adsorber backwashed
with chlorine than those backwashed w t hout chlorine. This could
be an indication of |ess mcrobial activity in the bed. In earlier
reported work at this pilot plant, Cobb (199 0) found that the
filter-adsorber backwashed with chlorine rel eased statistically
| ess heterotrophic plate count; this is also an indication of |ess
m crobial activity. Al of the renoval rates in Run Two were
hi gher than that in Run One (at the sane application rate). The
only difference between the two runs is tenporal: Run One was

conducted in late winter and early spring whereas Run Two was
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conducted in late spring and summer. Both hi gher water tenperature
and different TOC character could explain the higher renoval rate
toward the end of Run Two if bi odegradati on was the donm nant
effect. Alternative explanations are possible having to do with
changes in adsorbability of TOC but no concl usions are possible
because the adsorption i sothermwas determned only once in this

study (during Run Two).

4.3.5 TOC Profiles in Filter-adsorbers

Wat er sanples were wthdrawn at various depths in the filter-
adsorbers on Day 107 of Run One and Day 21 of Run Two. The TOC
profile on Day 107 should correspond to that for steady-state
renmoval . As indicated in Figure 4-14, TOC did not decrease very
much with depth as may be expected if significant biodegradation
was occurring. Al so shown is the TOC concentration for Franklin
WP filtered water on Day 107 of Run One. This |level indicates the
full-scale dual nmedia filters were not renoving TOC. The filter-
adsorber TOC data can be plotted agai nst EBCT at each depth for
each application rate as shown in Figure 4-15. Aside fromthe
slight increase in TOC noted at the top of the filter-adsorbers,

the overall trend is of a decrease in TOC with an increase in EBCT.

This observation is consistent with previous findings in this
chapter indicating adsorption and bi odegradation to be dependent of

EBCT. A sinmple linear renoval rate of 0.06 ng/L/mn EBCT was
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calculated fromFigure 4-15. This rate becomes an inportant design
parameter to determne if adequate steady state renoval of TOCis
possible in a filter-adsorber. As an exanple, an EBCT of 25
m nutes woul d be required to realize 50%renoval of 3 ng/L TOC

In contrast to the TOC profile on Day 107, that on Day 21 of
Run 2 shoul d reveal the presence of an adsorption front because
adsorptive capacity had not yet been exhausted. The resulting TOC
profile given in Figure 4-16 shows that 50% of the TOC was renoved
in the first 2 in. of GAC. TOC renoval occurred to a nmuch |ess
extent deeper in the bed. This suggests a long MIZ as is expected
for natural organic natter. Mreover, TOC at the bottom of the
filter-adsorber is higher than the refractory concentration (0.2
mg/ L) found in the adsorption isotherm (Figure 4.7). This is
consistent with the idea that the MI'Z was not contained, and thus
the EBCT (4.1 min) was to short to provide the nost effective

adsor ption.

4.3.6 TOC Adsorption Mdelling

Results froman isothermperfornmed on Franklin WP settl ed
wat er using pulverized Filtrasorb 300 are listed in Table 4.4. The
fraction of non-adsorbable TOC can be estimated by noting the
amount of TOC that remains at high dosages of activate carbon. The

values in the last 5 rows of Colum 3 indicate this non-adsorbabl e

fraction to be approximately 0.2 ng/L. After subtracting the non-
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Tabl e 4.4 GAG | sot her m Dat a

d) (2) (3) (4) (9)
M CGo CGe Gorr. Ge q
(g/L) (mg/L) (my/L) (mg/ L) (my/g)

\ 0: 002; i i m i3 80: 0000
0. 005 1. 47 1.15 0.97  64.0000
0: 010 |.47; 1 0: 98; #01 8 49: 0000
0.015 1. 47 0.80 0.62  44.6667
0. 020 1.47 0:79 0:6i?  34.0000
0. 030 1. 47 0. 63 0.45  28.0000
0. 035 1.47 0.49 0:31 | 28 000b|
0. 040 1.47 0.50 0.32  24.25001

1 0.050 1.47 0. 47 0:29 i 20:0000
0. 060 1.47 0.38 0.2 18. 1667
0; 080 1.47 0: 29 vooriit; 14: 7500
0. 100 1.47 0.22 0.04 12. 5000
0. 120 1.47 0:19 0: 01 10. 6667
0. 140 1. 47 0.18 0 9.2143 1
0. 160 1.47 0; 18 0 8: 06251
0. 200 1. 47 0.18 0 6. 4500 1
0. 240 1.47 0.18 0 5:3750 1

Regression Qut put:

Const ant 1.72670635 = | ogk
St dEr r of YEst 0. 09657122

R Squar ed 0. 86605649

No. of Cbservations 12
Degrees of Freedom 10

X Coefficient(s) 0.560 = 1/n

Std Err of Coef. 0. 070

t-calc 8. 041
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adsorbabl e fraction, the data were fitted to a Freundlich isotherm
nodel: g =k CM'", where k =53.29 and 1/n = 0.56. The correlation
of this fit was 0.87 and the calculated T-value was 8.04. Figure
4-17 is a plot of the corrected isothermdata along with the
correspondi ng Freundlich fit.

A rough estimate of tine for TOC breakt hrough can be
cal cul ated by assum ng that adsorption is not rate limted using
the follow ng equilibrium adsorption nodel:

tg =(k*Ci/"*W /[ (Q* (]
wher e,

tg = time of TOC breakthrough
1/n = Freundlich paraneters

A = settled water TOC concentration = 1.5 ng/L
W= rmass of GAC in filter-sorber = 3 O 0g

Q = volunetric flowate

Thi s nmodel uses the isothermdata and mass of GAC to cal cul ate the

TOC adsorption capacity of the filter-adsorber, and then estimtes
time of breakthrough using the anount of TOC applied daily. The
equi | i brium adsorption nmodel predicts conpl ete breakthrough for
application rates of 2, 4, and 6 gpmft® can be to occur at 139,
70, and 4 6 days, respectively. These are conservative estimates of
service time because mass transfer limtations cause sone fraction
of sorbate to escape adsorption and appear in the product water
earlier than the equilibriumnodel predicts (JMM 1985).

To account for sone of the nmass transfer limtations and gain
a better prediction of TOC adsorption, a sinplified version of the

honogeneous surface diffusion nodel (HSDM was enpl oyed. Using the
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i sotherm data corrected for non-adsorbable TOC and a vol unetric
flowate of 4 gpmft”, the HSDM nodel cal culated an inmediate TOC
br eakt hr ough of 35% 50% breakt hrough in 42 days, and 95%
breakt hrough in 349 days. The entire predicted breakthrough curve
Is presented in Figure 4-18. The nodel cal cul ations used for
generating this breakthrough curve are presented in Appendix A
For a conplete description of the sinplified HSDM nodel, refer to
Hand et. al. (1984).

Equi i brium and HSDM nodel predictions are plotted with actua
Run Two TOC breakt hrough curves in Figure 4-19. The conparison of
t he HSDM nodel and the actual data to the equilibrium nodel gives
an indication of the mass transfer limtations inposed by the

restricted EBCT at the given application rates.

4.4 Renpval of Tri hal onet hane Fornati on Potenti al

The removal of TOC by filter-adsorbers also inplies removal of
precursors of THWs. Thus, this study included neasurenents of
THVFP. Due to limted |aboratory equipnent availability, testing
during Run One was |imted to three days during the last three
weeks of the run. However, these data are still useful for
assessnent of THWFP renoval at steady state. In Run Two, THWVFP
tests were conducted on five days throughout the entire Iength of

the run.

The THVFP of feed and product water on three days toward the
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Figure 4.20 Run One THWFP Renoval
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end of Run One are shown in Figure 4-20. The TOC br eakt hr ough
curves and adsorption nodel predictions (Section 4-3.5) inply that
adsorption capacity was exhausted during this tine period and any
renoval was nost |ikely due to biodegradation. Data in Figure 4-
2 0 reveals THMFP renoval ranged from5-2 O ug/L with greater
renoval s being realized at | ower application rates (higher EBCTs).
VWhil e these reducti ons may not be neani ngful based on effl uent
goals anticipated fromEPA, it is possible that further increases
in EBCT could yield nore THWP renpval. The data al so suggest that
THVFP renoval , |ike TOC renoval, had reached a steady state.

The THVFP data from Run Two are presented in Figure 4-21
Much greater THMFP renpval was obtained on Days 3 and 9 than | ater
in the run. However, sone breakt hrough of THWFP (10-20 ug/L) was
noted. This inplies that a fraction of NOMresponsi ble for
formati on of THME i s not adsorbable. This is an inportant
consi deration for assessing the effecti veness of GAG for
elimnating precursors to THM formati on. Renoval of 2 5-4 0 ug/L
THVFP was still occurring approximately one nonth into Run Two.
However, the THVFP had i ncreased to 40 ug/L. The THMFP data from
Day 72 suggest that feedwater concentration dropped preciptuously
and that THMFP exceeded the feedwater concentration, possibly as a
result of desorption. However, the correspondi ng feed TOC
concentration on Day 72 was not appreciably | ower than previous
(see Figure 4-11). This rai ses sone concern about the accuracy of

the THWP data (THVFP should roughly correlate to TOC) and suggests
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Figure 4.21 Run Two THMFP Renoval
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caution in interpreting desorption as an explanation for higher
THVFP in the product water fromthe feed water. Finally, no
di fference was found in THWP renoval w th backwashi ng strategy,

i.e., all three filter-adsorbers produced about the sane THWFP

This is consistent with observati ons made on TOC renoval in Section

4. 3. 3.

62


NEATPAGEINFO:id=76FD226C-9A87-4D71-8828-3ED8A57C77D2


CHAPTER 5. CONCLUSI ON AND RECOMVENDATI ONS

The GAG filter-adsorbers, consisting of 3 0 in. of 83 0
Filtrasorb 3 00 over 12 in. of sand, were shown to reduce turbidity
at | east as well as the full-scale dual nedia filters at
application rates of 2, 4, and 6 gpm ft™ and backwash frequencies
of one and two days.

Headl ess accumul ation in the filter-adsorbers were conparable
to that in the full-scale dual nedia filters. The rate of headl ess
accurmul ation (with respect to bed volunes of water filtered) was
about the sane regardl ess of application rate. Simliarly,
headl ess accunul ation rate did not depend on backwash frequency
(once per day versus once every two days). However, headl ess
accumul ation rate was about 3 0% hi gher when backwashing with
chl ori nated washwater; no explanation for a higher rate could be
f ound.

Overall, the pilot filter-adsorbers performed adequately as
filters. They produced water of acceptable turbidity w thout
excessi ve accunul ati on of headl ess over a range of practical
application rates and backwash frequencies. The GAG used in this
application (Filtrasorb 300) has a small effective size and | arge
uniformty coefficient which facilitates |longer filter runs and

better cleaning of the filter bed. In addition, the GAG was

followed with 12 in. of sand which acted as a final barrier to
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penetration of turbidity.

The breakt hrough of TOC occurred earlier as application rate
i ncreased. Usi ng 50% TOC br eakt hrough for illustration,
breakt hrough was i mediate at 6 gpm ft”, at between Days 11 and 15
for 4 gpm ft”, and between Days 22 and 28 for 2 gpm ft”. The data
showed very little potential for control of TOC unless EBCT coul d
be extended greatly. Earlier breakthrough of TOC with higher
application rate is due to two effects: (1) higher sorbate |oading
rate and (2) shorter EBCT relative to MI'Z. The latter effect was
shown by neasuring the anobunt of TOC adsorbed up to a selected TCC
concentration in the product water (1 ng/L) . The nmass of TOC
adsor bed decreased as application rate increased. Steady state
renoval of TOC was found to be statistically significant (T-test)
at a confidence |evel greater than 99% for the application rates of
2 and 4 gpm ft~. Nonethel ess, the anount was only about 0.5 ng/L.
Steady-state renoval at 6 GPMft” was statistically insignificant
at a much | ower confidence | evel as was the difference between 2
and 4 GPM ft~. The data suggested some smal| anount of renoval was
due to bi odegradation at steady state.

Backwash frequency and chlorinati on of backwash water had no
effect on the initial pattern of TOC breakt hrough. However,
backwashi ng with chl ori nated washwat er appeared to decrease steady
state renoval. This could inmply that chlorination [imted

m crobial activity to sone extent. Steady-state renpval of TOC was
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greater in Run Two than Run One. One possible explanation is nore
bi odegradation in Run Two due to higher water tenperature and/ or

changes in TOC conposition.

A depth profile of TOCin the filter-adsorbers during the
early stages of Run Two showed the presence of an adsorption zone.
However, profiles nmeasured during the [ater stages of Run One
showed a nore linear decrease in TOC with depth, as may be expected
I f biodegradation was inportant. The steady-state renoval rate was
calculated to be 0.06 ng TOCJ L/ m n EBCT.

A smal |, steady-state renoval of THWP (5-2 0 ug/L) was
obtained in Run One, with renoval increasing as application rate
decreased. Mre data were collected in Run Two covering the entire
tine of filter-adsorber operation. These data showed a refractory
THVFP of 10-20 ug/L. Renoval of THWFP was found to be 25-40 ug/L
up to five weeks into the run. Again the inportance of these
nunbers i s dependent upon the new maxi mum contam nant |evels.

OQveral |, data fromthis study suggest filter-adsorbers are not
an effective neans for renoval of TOC. Data showed 50%
breakthrough in less than 1 month for the |owest filter application
rate in current practice (2 gpmift”) . Bed lifes of this length
woul d require frequent regeneration or replacement of GAC, with the
resul ting high maintenance costs negating the capital costs saved.

One technol ogy not studied was ozonation of the settled water
prior to application. Ozone has been shown to oxidize NOMto forns

that are nmore readily biodegradable. European practice calls for
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preozonation to increase mcrobial activity and |lengthen bed life.

The foll ow ng reconmendati ons are made for future studies on GAC

filter-adsorbers:

1. Vary the depth of sand bel ow the GAC to determ ne m ni num
anmount necessary to nmeet turbidity standards and give good

overal | performance while maxi m zing EBCT of GAC.
2. Determne if enough EBCT can be established to facilitate
adequate steady-state renoval of NOMto control

di si nfecti on byproducts.

3. Determine if preozonation enhances steady-state renoval of

NOM by bi odegradation in filter-adsorbers.
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APPENDI X A

HSDM MODEL CALCULATI ONS

Assunmptions and cal cul ations used to derive the theoretica
breakt hr ough curve based on the honbgeneous surface diffusion nodel
(HSDM are listed below. For further explanation of the nodel,
refer to Hand et. al. (1984).

Assunpt i ons; kf = filmtransfer coefficient = 0.00145 cni's
Pg = bulk density of GAC =0.49 g/cnt
e = bed void fraction =0.4

D™ = liquid diffusivity coeffecient
| = 2.3qX FO"A cnvs Fbrr?ngton, 1986)

Bp = particle void fraction = 0.75

Freundl i ch paraneter =53.29

1/n = Freundlich paraneter = 0.56
Co = feedwater TOC concentration = 1.3 ng/L
R = adsorbent particle radius = 0.0625 cm
EBCT = EBCT of actual GAC bed = 4.675 mn

Equat i ons:
1. Adsorbent phase equilibriumconcentration, g*
q=k Con/" (1)

g = 61.72 ng/g

2. Partition coefficient, D

Dy = (Pb Xqj/(e X Co) (2)
Dy = 58163
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o

Surface Diffusion Coefficient, DV

DM = (D Xep XCo Xn)/(Tp Xq X p (3)
D\=2.2 X 10" cnVs

Bi ot Nunber, Bi

H = [kf X RX (l-e)]/(D3 X Dg) (4)

Bi = 42.5

M ni mum St ant on Nunber for constant pattern, St.m
St N, = (Ag X Bi) + A, (5)
From Table 1 (Hand et. al., 1984):
Bi =425 1n=05} A1=122 AA=0

St ., =51.86

M ni mum EBCT for constant pattern, EBCTAA, . A
EBCTA. A = (StM.r X R/[Kk, X (1-e)] (6)

EBCT . = = 62.09 mn

El apsed tine corresponding to EBCTAM A tAA A
tewmicn =~ &FBCT.. - ~AX e) &, +~ 1T (7)

tws 321003.1.days T

Singl e solute mass throughput, T

T=Ag+[AX(TC)'"2j +[A3/(L1.01- (CCo)*")] (8)
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From Table 2 (Hand et. al., 1984)

B = 50, Un = 0.6 : Ay = 0.8
A= 0.216
A = 1.343
A3 = 0.00473
A = 0.224

9. Elapsed or real tinme, t
t = t,yi h (EBCL- EBCT ..,) (D, + 1)
t = (1003.1 T - 927.62) days

Combi ni ng equations (8) and (9) yields the breakthrough curve.
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