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The filters may be erected on an elevated platform to allow for discharge and handling of the thickened
slurry or on the floor over a trench. The placement of the filters must allow for adequate access around
each unit for maintenance and adjustments. An elevated maintenance platform would be provided as well
to accommodate work on the upper portion of the units. Maintenance at the top of the active-filtration

unit is expected to be on an annual or semi-annual basis. This is based upon operational history in Europe.

The delivery piping would be manifolded to the bank of filters to reasonably accommodate uniform
splitting of flow. At the inlet to each filter unit an automatic stop valve or a check valve would be installed.
On the manifold to each bank of filter units a pressure transducer would be installed. This pressure
transducer would signal the delivery pump, through the active filtration PLC, to turn off as the
backpressure in all of the units rises to a predetermined set point. The pump would restart after a timed-

hold period if the required volume of slurry has not been delivered.

The ultra-clarified water from the filter units would be collected in a common header and collected in a
small clear well. From the clear well the water may pass through a small canister “trap” filter. The filtrate
would then discharge into an ultra clarified water storage tank. From the ultra clarified water storage tank

the water would then be pumped to mill use points.

The purpose of the small-trap filter is to trap any tramp flocs or other materials that may find their way into
the flow stream from cleaning or other activities. These would primarily be agglomerated fines in the 3 to

7-micron size range as discussed in Section 2.

The thickened stock from each filter unit would drop into a sluicing trough that runs beneath the active
filtration units. The troughs would converge at and discharge into a small, thick stock pit. The thick
stock pit would have an agitator to break up any lumps of dewatered stock. Lumps of dewatered stock
have been noted in the discharged thickened stock throughout the pilot tests. The thickened stock slurry
may be sent to the WWTP or be pumped back to the mill broke system. The thickened stock slurry is
expected to be in the range of 3% to 6% consistency. Based on the pilot data at the recycled tissue mill,
this slurry is expected to be very high in ash and fines. Sluicing water would be supplied to the trough
directly from the influent water line from the mill, upstream of the automated supply valve to the receiver

tank.
The control system for the process would consist of a factory programmed PLC based control system that

operates the individual on-board functions of each unit. There would be minimal field wiring to the filter

units from the control panels. There would be a pneumatic tubing umbilical to each unit.
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Preliminary estimates indicate a capital cost in a typical mill for an installed process to filter 50 gallons per
minute would be in the range of approximately $300,000 with a simple return on investment in excess of
33%'". It is important to note that applications as small as 15 gallons per minute have demonstrated

comparable rates of return in the economic models.

Process Specific Application Operating Requirements And Costs
The proposed process for 50 GPM of reclaimed water would require approximately 100 to 200 square feet

of common production space. Utility requirements would include compressed air with peak capacity in the
range of 15 CFM and nominal flow rates in the range of 7 CFM. The estimate for total connected
horsepower for the entire process is in the range of 15 to 20 HP. Solids from the process may be further

dewatered for disposal or returned to the process or the waste stream as slurry.

The operating and maintenance costs for the proposed process would consist of electric power costs,

chemical purchases and maintenance costs.

The proposed process would have a connected electrical load in the range of 15 to 20 horsepower. Based
upon the expected cycle times and associated power requirements an annual cost of $7,500 would be

required for electric power.

The chemical consumption rates determined from the pilot trial were found to be very repeatable. The
annual cost for chemicals is based upon the pilot trial rates extrapolated to an annual consumption rate.

The costs are based upon the specific coagulant and flocculants utilized for the pilot work. This annual cost
is estimated at $16,000. If the fiber is recovered or dewatered further for disposal, the chemical treatment
costs may be discounted, as they are approximately equivalent to the chemical requirements for the
treatment of the fiber and fillers at the waste treatment plant or the recovery of fiber in alternative

technologies.

The maintenance costs for the equipment are very difficult to estimate. Historical results at the numerous
installations in Europe indicate that the bladders and membranes have a two- to three-year life. A complete
bladder and membrane set for the entire proposed plant would be in the range of $7,000. Other
miscellaneous repairs would be required for pumps, valves, instruments, etc. For purposes of this report, an
assumed annual maintenance cost of 2.5% of the capital equipment cost has been utilized as a rule of thumb

estimate. This cost would be in the range of $5,000.

" Note that this process is based upon data from a recycled fiber tissue mill. The fines and ash loadings at
this site may provide for higher filtration resistances and subsequently greater equipment requirements than
other applications. A detailed cost and savings analysis is provided in Section 8.
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The process is designed to be fully automated, much like most conventional process water and fiber
recovery systems. Daily testing by the mill’s lab staff, similar to that required for the typical current

clarified water systems, would be required to ensure proper operation.

The process-specific baseline process described above may be used for the production of ultra-clarified
water from cloudy whitewater. The average expected flow rate from a recycled tissue mill would be in the
range of approximately 60% lower for this same three-bank configuration based upon the pilot test data.
The annual thermal savings would therefore be lower. The chemical and operating cost would be lower as
well. Should there be a benefit in recovering the thickened stock from this stream for reuse in the mill, its

value would clearly offset the reduced thermal savings.

Approximate capital and operating costs for the above described system are present in Table 3, below. A
detailed return on investment calculation for a mill-wide system is provided in Section 8. The cost savings

were found to be scalable for various sized systems.

Table 3
Approximate Capital and Operating Costs for 50 GPM System**

Cost Item Annual Costs Capital Cost
Installed System $300,000
Energy $7,500

Treatment Chemicals $16,000*

Routine Maintenance $5,000

Total Approximate Annual Costs: | $28,500

* Note that this cost may be offset by chemical savings elsewhere in the mill as discussed above.

** Annual Savings for 50 GPM => Approximately $125,000.
TYPICAL MILL WIDE APPLICATION FOR 350 GPM
This 350 GPM volume was selected, as it represents a likely fresh water flow rate that a typical mill may
use on an average paper machine in New York State. It may be substituted with ultra-clarified, reclaimed

water.

Provided that suitable space is available within a proposed mill, a process may be assembled and put into

operation in approximately six to eight months from project initiation.
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The configuration of banks of active filtration units lends itself to a phased approach. The modular
configuration of the system provides for cost effective incremental capacity additions. The system’s base
components of the tanks, power distribution, space allocation, tank manifolds and master control system,
etc. would be required by the initial installation. The process infrastructure of the “typical” 350 GPM
system discussed herein would support up to at least 500 GPM of capacity. Due to the modular nature of
this technology, particular streams with flows as low as 7 to 15 GPM may be economical as well as the

flows up to 500 GPM.

The proposed process for the 350 GPM capacity would consist of three banks of active filtration units.
Each bank would contain four to five units. Each bank would have the capacity to process an averaged
flow rate of 115 to 120 GPM. The production scale active filtration unit has a footprint of

approximately three (3) feet by three (3) feet and is approximately 23 feet tall. The installed configuration

is explained below. The process diagram for this process is provided in Appendix C of this report.

Warm reclaimed water from the mill would be delivered to a 1000 to 2000 gallon, agitated, receiving tank.
This influent water would pass through a flow meter and a consistency transmitter. The flow meter and
consistency transmitter would be integrated through the master system programmable logic controller
(PLC). It would adjust the influent solids concentration and control the addition of a charge neutralization
coagulant polymer to match the flow and consistency. This coagulant would be injected into the influent
water prior to its discharging into the receiving tank. In the receiver tank, sufficient dwell time is available
to allow for the coagulant polymer to develop preliminary small (pin) flocs. Any required consistency

dilution water would be supplied from the ultra-clarified water storage (product water).

The supply pipe to the receiver tank would have an on / off control valve. The receiver tank would stop

flow from the mill if a high, predetermined level is reached.

From the receiver tank the reclaimed water would be drawn out to one of three primary filter delivery
pumps. Each of these pumps would be an identical low-shear pump such as a progressive cavity or a
peristaltic pump. Appropriate pulsation dampening hardware would be provided where required. At the
inlet of the delivery pumps a flocculent polymer would be injected. This flocculent would be an anionic or
cationic polymer, dependent upon the source of the reclaimed water. The selection of the polymer would

be done by process staff through the master process PLC.
The filter delivery pumps would feed the slurry to three identical banks of active filtration units. Prior to

the inlet to the filters, additional flocculent polymer would be injected. The polymer injected at this

location would be the opposite charge of the polymer injected at the pump inlet. The pilot testing has
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demonstrated the importance of the proper sequence of chemical injection dependent upon the reclaim

water source.

A flow meter is proposed in the delivery line from each filter delivery pump to the filters. This flow meter
would be integrated through the PLC to control the delivery rate of the polymers as a percentage of the
fiber slurry flow. As a single filling cycle progresses, the fiber slurry flow rate will degrade. It is therefore
important to match the flows to control consumption and to prevent problems associated with over feeding
of polymers. The flow meter would also signal the active filtration bank PLC control system when the
desired volume of slurry has been pumped to the filter, at which point the press and discharge cycles would

begin.

Each bank of filters would be erected on an elevated platform to allow for discharge and handling of the
thickened slurry. The placement of the filters on the platform would allow for adequate access around each
unit for maintenance and adjustments. An elevated maintenance platform would be provided as well to

accommodate work on the upper portion of the units.

The delivery piping would be manifolded to the bank of filters to reasonably accommodate uniform
splitting of flow. At the inlet to each filter unit an automatic stop valve or a check valve would be installed.
On the manifold to each bank of filter units a pressure transducer would be installed. This pressure
transducer would signal the delivery pump, through the active filtration bank PLC, to turn off as the
backpressure in all of the units in that bank rises to a predetermined set point. The pump would restart after

a timed hold period if the required volume of slurry has not been delivered.

The ultra-clarified water from a bank of filter units would be collected in a common header and collected in
a small clear well. From the clear well the water would pass through small “trap” filters. The filtrate
would then discharge in to the 1000 gallon ultra-clarified water storage tank. From the ultra-clarified water
storage tank the water would then be pumped to a mill storage tank for distribution. The pilot testing has
demonstrated that there is essentially no measurable temperature loss through the “active filtration” unit.
Savings calculations discussed in this report are based upon the outlet temperature for the filter during the

pilot testing.

The purpose of the small trap filters is to trap any tramp flocs or other materials that may find their way
into the flow stream from cleaning or other activities. These would primarily be agglomerated fines in the
3 to 7 micron size range as discussed in Section 2. Each bank would have its own “trap” filters so that a
serious problem may be isolated and initiate a bank shutdown. The trap filters are proposed to be a simple
swept surface filter followed by a canister filter. The intent of this configuration is not to perform any

process filtration, since their solids-handling capacities are limited, but to block a catastrophic down stream
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failure that may be created from tramp flocs, etc. The piping around each of the canister trap filters would
include a differential pressure transmitter. An increase in differential pressure would provide immediate
indication of accumulation of particulate in the filter. This would alarm to annunciate a problem in the

associated active filtration bank.

The thickened stock from each filter unit would drop into a sluicing trough that runs beneath each bank of
filterdynamica™ units. The troughs would converge at and discharge into a small, thick-stock pit. The
thick-stock pit would have an agitator to break up any lumps of dewatered stock. Lumps of dewatered
stock have been noted in the discharged thickened stock throughout the pilot tests. From the thick-stock
pit, the thickened stock slurry would be pumped to a small screw press. This screw press would discharge
approximately into a small disposal dumpster at approximately 25% to 35% solids. Alternately the
thickened stock slurry may be sent to the WWTP or be pumped back to the broke system. The thickened
stock slurry is expected to be in the range of 3% to 6% consistency. Based upon the pilot data at the
recycled tissue mill, this slurry is expected to be very high in ash and fines. Sluicing water would be
supplied to the trough directly from the influent water line from the mill, upstream of the automated supply
valve to the receiver tank. Effluent water from the screw press would be pumped back to the process
influent line, downstream of the automated supply valve to the receiver tank but upstream of the flow meter

and the consistency monitor.

The “active filtration” unit has demonstrated during this pilot trial that it may be used to provide high
consistency filter cake for disposal from the wastewater slurry stream. However, it is not as efficient as a
small screw press at producing pressed waste from the fines found in the recycled tissue mill reclaimed

water at the higher solids concentrations desired for disposal.

The control system for the process would consist of four control modules. There would be a master PLC
that controls all interactions and process functions external from the workings of the active filtration

units. Each of the banks of filter units will have a separate control system. The three active filtration
banks would have a factory programmed PLC based control system that operates the individual, on board
functions of each unit. The communication from the factory PLC to the units in each bank would be
through a pneumatic logic system. There would be minimal field wiring to the filter units from the control

panels. There would be a pneumatic tubing umbilical to each unit.
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Preliminary estimates indicate a capital cost in a typical mill for an installed process to filter 350 gallons
per minute would be in the range of approximately $2,100,000 with a simple return on investment in excess

of 33%"2.

Typical Mill-Wide Application Operating Requirements And Costs

An installation to process 350 GPM would require approximately 1500 to 1800 square feet of high-bay
production space. Utility requirements would include nominal heat to keep the area above freezing,
compressed air with peak capacity in the range of 75 CFM and nominal flow rates in the range of 20 CFM.
The estimate for total connected horsepower for the entire process is in the range of 160 HP. Solid waste
from the process would be further dewatered for disposal or may be returned to the process or the waste
stream as slurry. Smaller systems would require less area and lower head space as well as lower utility

requirements.

The operating and maintenance costs for the proposed process would consist of electric power costs,

chemical purchases and maintenance costs.

The proposed process would have a connected electrical load in the range of 150 to 160 horsepower. Based
upon the expected cycle times and associated power requirements an annual cost of approximately $54,000

would be required for electric power.

The chemical consumption rates determined from the pilot trial were found to be very repeatable. The
annual cost for chemicals is based on the pilot trial rates extrapolated to an annual consumption rate. The
costs are based on the specific coagulant and flocculants utilized for the pilot work. This annual cost is
estimated at $114,000. As discussed above this cost may be discounted if the fiber is recovered or disposed

of directly from this process.

The maintenance costs for the equipment is very difficult to estimate. Historical results at the numerous
installations in Europe indicate that the bladders and membranes have a two to three year life. A complete
bladder and membrane set for the entire proposed plant would be in the range of $50,000. Other
miscellaneous repairs would be required for pumps, valves, instruments, etc. For purposes of this report an
assumed annual maintenance cost of 2.5% of the capital equipment cost has been used as a rule of thumb

estimate. This cost would be in the range of $36,000.

12 Note that this process is based upon data from a recycled fiber tissue mill. The fines and ash loadings at
this site may provide for higher filtration resistances and subsequently greater equipment requirements than
other applications. A detailed cost and savings analysis is provided in Section 8.
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The process is designed to be fully automated, much like most conventional process water and fiber
recovery systems. Daily testing by the mill’s lab staff, similar to that required for the typical current

clarified water systems, would be required to ensure proper operation.

The process-specific baseline process described above may be used for the production of Ultra Clarified
Water from cloudy whitewater. As discussed above, the average expected flow rate from a recycled tissue
mill would be in the range of approximately 60% lower for this same three-bank configuration based upon
the pilot test data. The annual thermal savings would therefore be lower. The chemical and operating cost
would be lower as well. Should there be a benefit in recovering the thickened stock from this stream for

reuse in the mill, its value would clearly similarly offset the reduced thermal savings.

Approximate capital and operating costs for the above described system are present in Table 4, below. A

detailed return on investment calculation for this system is presented in Section 5.

Table 4
Approximate Capital and Operating Costs for 350 GPM System**

Cost Item Annual Costs Capital Cost
Installed System $2,100,000
Energy $54,000

Treatment Chemicals $114,000*

Routine Maintenance $36,000

Total Approximate Annual Costs: | $204,000

* Note that this cost may be offset by chemical savings elsewhere in the mill as discussed above.

** Annual Savings for 350 GPM => Approximately $875,000.
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Appendix C
BASELINE PROCESS SCHEMATICS AND EQUIPMENT LIST
Mill Scale Schematic Provided Here in Appendix C

Process Specific Schematic Provided in Section 3
(Figure 2)
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FIBER LENGTH ANALYSIS

The suspensions were analyzed using a Kajaani FS-100 fiber length analyzer. Figure 2 shows the analysis
results for three replicates of the same sample of suspension. The average fiber length and other data from

this analysis are presented in Table 14 below.

Table 14
Samples analyzed for drainage and particle size distributions

Sample

No. Name Date & Time
1 Feed to Filter W/ Chemicals | (6/23), 2:40
1 Replicate
1 Replicate
2 Feed Tank (6/23), 2:30
3 Feed to Filter w/ Chemicals (6/23), 4:40
4 Feed Tank (6/23), 4:40
5 Feed Tank Waste Water (6/29), 8:30
6 Feed Tank Waste Water (6/29), 8:30
7 Feed Tank (6/28), 9:15
8 Feed Tank MCPK 7/7,11:20 PM

7/14,11:00
9 Feed Tank SMPL AM
7/14,12:30
10 Feed Tank PM
11 Feed Tank 7/20, 4:15 PM
12 Feed Tank Waste Water 7/21,9:15
Feed to Supply Tank

13 (Reclaim) 7/7, 6:30
14 Feed Tank 7/8, 12:40 PM
15 Product Water 7/14, 1:50
16 Product Water (got hazy) 7/14, 5:00 PM
17 Feed Tank 7/27, 5:00 PM
18 Feed Tank, W ppm, CHGPK | 7/28, 8:45 AM
20 Product Water, No polymer 8/10, 7:15 PM
21 Feed Tank 8/11, 1:00 PM
22 Feed Tank 8/17, 10:45
23 Feed Tank 8/17,7:30 PM
25 Feed Tank 8/17,9:50 PM
28 Feed Tank 8/18, (:30 PM
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Figure 7

Particle size distributions for three replicates of samples
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Figure 8

Cumulative Length Distribution of Fibers in Suspension for Samples 1-7

110
100
920
80
70
60
50
40
30
20
10

0.0

Samples 1-7

1.5

Length, mm

D-4













¥8°T1 0T0 0TC 6€°1 Nd 00:9 ‘61/8 1S9 9ZIS ST
o[onIed 10j 003§ podung
TT+d1€°6 6TLT 0 €6'1 81°1 Nd 0€°) ‘81/8 Sue], pad,] v
€6'SY vl Il $9°0 INd 0S:6 °L1/8 Jue], pad ] %4
T1+905°9 S9'6¥ 9L'1 680 S50 N 0€:L “L1/8 Jue L pod] 44
[1+3STL 97'8¢ 8¢°0 8L°0 LSO SP0T ‘L1/8 Jue L Pad] ¥4
€200 T1+H01 ¥ €6'ce vL'0 €9°0 ¥€0 N 001 ‘T1/8 Jue], pao] 0z
TI+OSL'T €599 0TC 050 120 INd ST:L°01/8 1owAjod ON ‘1) J0NpoId 61
11+308°¢ ¥S'8¢ 90°0 6L°0 6€°0 NV S¥:8 ‘8T/L | SIdOHD ‘wdd p due] padg 81
TI+APL'T €6°CS 70 84°0 ST0 N 00:S ‘LT/L Jue], pad,] LY
8S°0t 16°0 85°0 620 N 00:S ‘V1/L (Azey 103) 1018 A\ JONPOIJ 91
T0°LS S50 wo €20 0S:1 v1/L Iojem 1onpoId ST
00'v9 €T rr0 T0 Nd 0TI ‘8/L Sue], pao g vI
T1+90T°C 6699 97T LEO 61°0 0€:9 “L/L (wrepay) €1
yue], Ajddng 01 paog
I+d16'1 86°8¢ 80°0 08°0 6€°0 SI:6°1T/L 1oje A\ Q)Se A\ UBL PO 4]
0v€0 CI+d0€'T 68°CS 81°0 L0 ST0 N ST+ ‘0T/L Jue], pad,] 1T
TI+400°1 S€'9¢ €20 840 €20 N 0€:T1 ‘VI/L Jue L pad] o1
0S'+9 $9°0 €0 120 NV 00:11 ‘b1/L TdINS Jue] paog 6
Y9 1S 1L°0 950 0€°0 Wd 0T 11 “L/L SO JUBL o] 8
L80°0 ¥T9S 6S°C 6t°0 820 S1:6 (87/9) Jue L pod] L
8+0°0 €Y'6¢€ 16°0 SL'O 0r'0 0¢:8 “(62/9) 10je A\ Q)Se M\ NUB PO 9
790°0 €S'9p 81°1 0L°0 0] 0¢:8 “(62/9) 19je A\ Q)Se A\ NUB PO S
090°0 61°6S ¥S'1 1$°0 ST0 ot (€2/9) Jue], pad ] v
0L0°0 6705 80°C €50 8T°0 Oty “(€7/9) |  s[eoruay) /m I9)1q 03 Pao] €
€600 00°€L8 ¥$°09 SI'T 090 9Z°0 0€:T “(€2/9) Jue], pad ] 4
1L°€S €€ Lo 1€°0 oyeordoy I
00°LEL SLES v SLO 0€°0 areorjdoy I
091°0 00° €Y. 96°6S 9¢€'C L9°0 870 0t:C (€7/9) | S[eorway) /A 1931 03 Pao I
D ASD VATV % ‘sauly TAM OyspA) | (puy) | oury % deq dweN *ON
SSOUISIBO)) AV T SAV 1 Jjdweg

3unsa ], ddeurea( jo Arewrwing

SIolqeL




EFFECT OF FINE PARTICLE CONTENT ON SPECIFIC FILTRATION RESISTANCE

The table below shows the variation of drainage resistance with fines fraction and coarseness of fibers. We observe that the fines
fraction broadly relates to the Specific Filtration Resistance (SFR). Note that the correlation is confounded by two factors. The
first is that residual flocculation of the suspension will result in lower filtration resistance than is indicated by the fines fraction for
different suspensions. This can happen since the measurement of fines fraction is done after dilution in the Kajaani analyzer,
which can de-flocculate or disperse the fibers flocs better. A second factor is incomplete retention of fines on the screen of the
drainage analyzer. This effect was generally found to be minor since the filtrates in most of the cases were quite clear. However,
some filtrates did show cloudiness. Investigation of field data indicated that the cloudy samples were likely taken during forced
process upset conditions during the pilot trial.

Table 16

SFR vs Fines Concentration and Fiber Coarseness

Coarseness Fines SFR
2.26 67.00 17.50
2.26 67.00 22.00
1.76 60.00 65.00
0.38 39.00 7.50
0.23 56.35 10.00
0.18 52.89 130.00
0.08 38.58 19.10
0.22 52.93 27.40
0.06 38.54 3.80
0.74 33.93 4.10
0.22 17.29 9.31
Figure 13
SFR vs Fines Concentration and Fiber Coarseness
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