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’ Fax: 971-673-0694

) www.healthoregon.org/DWP
John Gastineau, g g

Sites and Facilities Manager

Young Life

PO Box 220

Antelope, OR 97001

[gastineau@wfr.younglife.org Letter sent only via e-mail

Re: Young Life (PWS ID#01246)
Membrane Module Replacement with 8 Toray HFUG-2020AN Modules
Final Approval — PR# 75-2021

Dear Mr. Gastineau:

Thank you for submitting information via e-mail on October 31, 2023, addressing the
conditions in my Conditional Approval letter dated July 16, 2021. The project regarding the
installation of 8 new Toray HFUG-2020AN membrane modules (4 in each of two
WesTech AP-VI filtration skids) is granted Final Approval. See Table 1 for pathogen
removal credits and Table 2 for operating conditions.

Project summary:

The project involved replacing the 8 existing Toray HFS-2020 membrane modules (originally
installed in 2013 with 4 modules per skid in two WesTech AP-VI filtration skids having a
capacity of up to 6 modules per skid) with a total of 8§ new Toray HFUG-2020AN
ultrafiltration PVDF hollow fiber membrane modules (4 modules per skid).

Each of the two membrane filter units is granted log removal credits (LRCs) for
pathogen removal as shown in Table 1. The LRCs are based on a verification of the
Challenge Study Report from the National Sanitation Foundation (NSF) dated August 15,
2019 (NSF job #J-00320592) for the installed Toray HFUG-2020AN membrane modules.

Table 1 - Filter Log Removal Credit (LRC)

Pathogen Removal Credit (log1o)
Giardia lamblia 4.0
Cryptosporidium sp. 4.0

Viruses 0.0
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The LRCs are only valid provided operations are within the limits shown in Table 2.
Ensure SCADA/PLC programming continues to account for the operating limits in Table 2
(e.g., set system alarms to ensure operating limits are met).

Table 2 — Operating Limits

Operating Parameter

Limit

Direct integrity test (DIT) frequency

Conduct at least 1 DIT each day of operation

DIT duration/hold time

5 minutes

DIT starting test pressure

20 psi

Minimum allowed DIT pressure

18.21 psi throughout the DIT duration (starting test pressure
is anticipated to be 20 psi)

Maximum allowable pressure decay rate (PDR)
upper control limit (UCL)

UCL = 0.08 P5'/min

Minimum DIT pressure transducer accuracy for
the established UCL!

+ 0.5% of span (0-50 psi), 0.05 psi/min (equal to the stated
accuracy of the Wika-A10 pressure transducer installed).

Membrane Minimum Performance (LRVambient)

LRVambient = 4.0-log (must be > 4.0-log LRC)

DIT Sensitivity (LRVpi)

4.2-logio at PDR = 0.05 P!/ minute and flow of 115.9 gpm.
(4.0-log at PDR = 0.08 psi/min and flow of 115.9 gpm.

LRVambient

LRVambient Should be greater than or equal to 4.0-logio

Maximum transmembrane pressure (TMP)

29 psi at 20°C

Maximum allowed filtrate flux [gfd]

120 &a!/saft/ . @ 20°C. This max flux yields a peak plant
production of 323 gpm using 4 out of 6 possible modules per
skid (80.75 gpm/module). 115.9 gpm is programmed into the
PLC as the maximum design flow per skid (43 8a/5aFt/,,.)

Individual filter effluent (IFE)

IFE < 0.15 NTU for = 15 consecutive minutes

Combined filter effluent (CFE) turbidity

CFE <1 NTU in 95% of readings and always less than 5 NTU

Automatic Shutdown Conditions
(shut filter train down and conduct a DIT to
demonstrate membrane integrity is intact)

o PDR>UCL

0 LRVambient < LRC

o IFE>0.15 NTU for > 15 min

o CFE >5.49 NTU (may prompt boil water notice)

! Pressure transducer accuracy is based on the manufacturer’s stated accuracy (best fit straight line), expressed
as % of span. The accuracy calculated in terms of [psi/min] must be less than or equal to the UCL in [psi/min].
Accuracy in terms of [psi/min] is calculated as follows:

Accuracy in psi/min = (% Accuracy x Max of span in psi) / DIT duration in minutes

LRVambient is the best metric for demonstrating compliance with the log removal credit (LRC)
granted. To remain in compliance, LRVambient must be equal to or greater than the 4.0-log LRC
for Cryptosporidium shown in Table 1. LRVambient is calculated using the formulae, constants, and

variables shown in Table B-1 of Appendix B.
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It is noted that on the alarm setpoints SCADA screen, on the lower right, there is a box that
says “PDT PSI LOSS 0.090 PSI”. That is actually the 0.090 psi/min loss rate setpoint, and
you have verified that this triggers an alarm correctly and is just mislabeled. It is on scheduled

for correction in the spring. Also note that the 0.09 psi/min decay
rate set point should be changed to 0.08 psi/min as 0.09 psi/min is F‘
PERM TURBIDITY HI:
PERM TURBIDITY HIHI:
calculations showed a BPax 0f 3.62 psi (100.3 inches of water). L\ —F-
Please let me know what the verified value for BPmax should be ‘

based on a sustained starting test pressure of 20 psi as shown in the
calculations in Appendix B of this letter. Additionally, the

and make corrections to the PLC programming accordingly. : PDT PSI SP:
20.0 PSI

Ty

LRV ambient Calculation programmed into SCADA uses a maximum
backpressure (BPmax) 0f 3.2 psi (88.7 inches of water). The original

Also consider setting the permeate turbidity high-high alarm to
0.15 NTU rather than 0.90 NTU and the high alarm to 0.05 NTU
rather than 5.00 NTU as regulatory and optimal set points,
respectively.

This remainder of this letter includes the following:
1) Project Description

2) Appendix A - Explanation of operating limits and terms in Table 2.

3) Appendix B — Formulae, constants, and variables used in calculating the log removal
value (LRVambient) of each membrane filter unit/train using current (ambient) operating
conditions.

4) Appendix C — Product specifications for the selected membrane modules.

Thank you for your cooperation during this process and if you have any questions on the
information above, or would like this information in an alternate format, please contact me at
971-200-0288 or via e-mail at evan.e.hofeld@oha.oregon.gov.

Sincerely,
Evan Hofeld, PE

Regional Engineer
Oregon Health Authority - Drinking Water Services

cc. Chantal Wickstrom (Chantal. T.Wikstrom(@oha.oregon.gov)
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Project Description:
On May 12, 2021, our office received information on a project
to replace the 8 existing Toray HFS-2020 membrane modules
originally installed in 2013 (4 modules per skid in two
WesTech AP-VI filtration trains with capacity for up to 6
modules each) with a total of 8 Toray HFUG-2020AN
ultrafiltration PVDF hollow fiber membrane modules (4
modules per skid). A plan review fee of $248 was also
received on May 12, 2021, and a Conditional Approval letter
was issued July 16, 2021

UF Skid 1 UF Skid 2
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WeESTECH  ALARN

FLOW LOW LIMIT: PREFILTER PSI LOW:
5 GPM 0.0 PSI

POINTS

INLET PSI LOW:

ALARM RESET

20PSI

BW SUPPLY PSI LOW:
5.0 PSI

121426 Pl

DIRECTORY 10/31/2023

OVERVIEW CONTROL PANEL

UF BANK ALARM
SETPOINTS

BW FLOW HIHI:
150 GPM

BW LOW FLOW:
?7? GPM

PREFILTER DP HIHI:
250 PSI

CIP SETPOINTS

PH HIHI:
9.0 PH
PH LOW:
6.0 PH

SURFACE FLOW

CIP TANK HIHI: PH LOLO: LOW FLOW SP:
95.0 % 1.0PH 0 GPM

PREFILTER PSI HIGH:
40.0 PSI

INLET PSI HIGH:

36.0 PSI

TMP PSI HIGH:
22.0PSI
TMP PSI HIHI:
29.0 PSI

BW SUPPLY PSI HIHI:
40.0 PSI

BW SUPPLY PSI HIGH:
35.0 PSI

FEED TURBIDITY HI:
40.0 NTU

FEED TURBIDITY HIHI:
2?7?72 NTU

BW TANK

HIGH LEVEL ALARM:

16.0 %

LOW LEVEL SP

FEED TANK i

LOW LEVEL SP:
15.0 %

HIGH LEVEL ALARM

PERM TURBIDITY HI:
0.90 NTU

PERM TURBIDITY HIHI: |
5.00 NTU

PDT PSI SP:
20.0 PSI

PDT PSI LOSS!
0.090 PSI

TEMPERATURE: PH HIHI: HIGH FLOW SP:
400°C 120 PH 400 GPM 108.0 % 100.0 %
ELECTRICAL SHUTDOWN
R DELAY START SP 3
60 SEC
Verification of SCADA LRV Conditional Final Test Bank 1 BANK 1 LRV Calculations
calculations & comparison of Bl 1 SICRDA | Bl 2 SIEADR: Approval LTR | Approval LTR | wiBank 2 PDR
- - - Screen 10/31/23 | Screen 10/31/23 Pl e Pressure  Backessers fow AR
variables used in plan review 716121 11/9/23 (0.011 psi/min) 0405PS! . 3200 PSI 0064 x 45.266 x 13900)
o cpaccuar G [
Plest, psi 20105 19983 20000 18210 20105 T
Pema s T B ' W 15 R
(Ptest - BP)/(Ptest + Patm) = 049713 049532 0.47205 045438 049713 Tuet e 24,202 Tt Gt 3,282
Y= 0.730 0.731 0.740 0.740 0.730 BANK 2 LRV Calculations
Ptest, psi 2011 19.98 2000 18.21 20.11 T o L
BP 320 320 362 362 320 105t BIPS . TP < tog (TS = G244 x 1
Paim. b5 130 139 147 139 150] (R mmmeoumes e T ogiot G
Tactual, °F 55031 54771 57.200 57.200 55031 (R TTE 1 o . )
TMPactual, psi 7.084 4377 29000 29.000 7.084 i e AT
Y 0730 0731 0740 0740 0730 ! L e
Tussday. October 24 T Octaber 31,
ALCR = 49.264 62.434| 24.489] 22.233 49.264
Qp actual_gpm 70064 70005 115900 115.900 70064 . (B, —BP)s(P_+P,)
Actual ALCRDP 49.26 62.43 24.49 2223 4926 |4LCRpp =170eT -(460+T}0T'MP
Patm, psi 139 139 147 139 139 :
Aptest,_psi/min 0085 0011 0.090 0080 0011 - -
Vsys, gallons 45.70 45.70 4571 4571 45700 e los e | 22 *ALCR ¢ P,
VCF 1 1 1 1 1 o S AP, eV  eVCF |
LRV (logy) = 4.092 5.082 4.0 4.0 4.980
LRC. log 200 400 200 400 2000 1707 — Op « ALCR ¢ P,
UCL (psi/min) = 0.09 0.08 1077 o V., ¢VCF
Note: Calculations done for the Conditional Approval letter ppherr
i : 0730 =1-0503x — -
used an atmospheric pressure (Pam) of 14.7 psi (pressure at w 20105 PSI + 13.900 PSI
. Init. Pressure Atmosphere
sea level), however, the 13.9 psi (1,550-ft above sea level)

that is currently programmed into the PLC is more appropriate for the location of the plant.
The difference in LRV using a net expansion factor (Y) of 0.74 versus 0.73 is negligible. As
previously mentioned, the backpressure needs to be verified (is it 3.62 psi or is it 3.2 psi?)
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Appendix A
Explanation of operating limits and terms in Table 2.

The ability of membranes to filter out pathogens (referred to as membrane integrity) is to be
tested in two ways:

= Continuously using a turbidimeter that monitors the effluent turbidity from each
membrane unit, often called individual filter effluent (IFE) turbidity monitoring, and

» Once a day using a more direct pressure decay or “air hold” test, often called a “Direct
Integrity Test” (DIT) because the air hold test is a direct test for leaks or broken
membrane fibers.

Direct Integrity Testing (DIT):

Like checking for leaks in a car tire, the membranes are pressurized with air and held for a set
amount of time. Air hold times are generally 2 — 10 minutes. A pressure sensor then detects a
drop in the held pressure. This pressure drop is called a pressure decay, measured in psi.
How fast the pressure drops (or decays) is called the pressure decay rate (PDR), measured in
psi/minute. The pressure decay rate is the drop in pressure (psi) divided by the air hold time
(minutes) expressed in psi/minute. In some cases, the SCADA will display only the pressure
decay in psi and it is up to the operator to know the hold time and determine the decay rate in
psi/minute.

Demonstrating compliance:

Should individual filter effluent turbidity exceed 0.15 NTU for more than 15 consecutive
minutes, the membrane unit needs to be taken out of service and undergo a direct integrity test.
Turbidity is an indirect indicator of membrane integrity and requires a direct integrity test
(DIT) to directly determine membrane integrity.

In order for a DIT to be able to demonstrate that the membranes are intact (do not have holes
or broken fibers), the membrane needs to be pressurized to a certain minimum pressure (the
minimum direct integrity test pressure) and the pressure decay rate needs to be under a
specified upper limit or “Upper Control Limit” (UCL).

The results of the DIT can be used to calculate a pathogen removal efficiency under ambient
operating conditions achieved by the membranes. This log removal value is termed
“LRV.ambient” and can be used to demonstrate compliance by directly comparing this
performance metric to the log removal credit (LRC) Cryptosporidium awarded in Table 1.



Page 9 of 20

Young Life (PWS #01246)

Final Approval PR #75-2021 — Membrane Module Replacement with 8 Toray HFUG-2020AN Modules
November 9, 2023

More detail on the terms introduced above and the operating limits (e.g., upper control limit,
etc.) in Table 2 are further described on the following page.

e DIT Turbidity Trigger (IFE > 0.15 NTU for > 15 min): A direct integrity test (DIT) must
be performed on each filter unit if the individual filter effluent (IFE) turbidity is greater
than 0.15 NTU for more than 15 minutes. This must be programmed into the SCADA
system. Should the IFE turbidity exceed 0.15 NTU for more than 15 minutes, the
membrane unit must be taken out of service and undergo a DIT. The membrane unit
must not be placed back into service unless it passes the DIT (see Upper Control Limit
below). Membrane fiber repair/pinning is often needed to remedy this situation.

e DIT Daily Trigger: A DIT i1s also required each day of operation. If the pressure decay
rate (PDR) drops below the upper control limit (UCL in P*/ynue), then the DIT is
considered to have failed and the unit must be automatically taken off-line & repaired
and/or retested to show that it passes a DIT before being placed back into service. In
other words, should the PDR of the daily PDT (or “air hold test”) exceed the UCL, this
should indicate a “failed” DIT and the membrane must be taken out of service and may
not be placed into service until it passes a DIT. A new DIT may be immediately run
after a DIT failure, or repairs may be needed first (e.g., fibers pinned, leaks at pipe
fittings repaired, etc.) followed by passing a new DIT.

e DIT test pressure: The minimum DIT pressure (i.e., the test pressure at the end of the
DIT) must not drop below the minimum DIT pressure stated in Table 2. Should the
pressure during a DIT drop below the level in Table 2, the DIT is considered
invalid or “failed” and must be repeated. Starting test pressures are often
established (with consultation with the membrane manufacturer) above the
minimum DIT pressure to ensure that the test is valid.

e Upper Control Limit (UCL) in P/ iy
Every membrane system has an Upper Control Limit (UCL) measured in P/yi,. The
UCL is the highest pressure decay rate (PDR) allowed during a direct integrity test
(DIT). Exceeding the UCL indicates DIT failure. The failing membrane unit shall not
operate until it passes a DIT. Ensure that the SCADA/PLC system is programmed to
account for this UCL.

e Membrane Performance (LRVambient): The results of the direct integrity test will be used
to determine the log removal value of Cryptosporidium that is based on ambient or
current operating conditions (LRV ambient). The main difference between LRV 7 (see
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DIT sensitivity on the following page) and LRV ymbient 18 the use of the current operating
flow when calculating LRV ymbient. Lower flows could yield a lower (less conservative)
LRV value. Since the pathogen removal credit is in terms of a log removal value,
membrane performance must be determined to demonstrate compliance with the
pathogen credit awarded using the same unit of measure [log]. Formulae, constants and
variables used to calculate LRV ympient are included in Appendix B of this letter. In
summary, LRV ympient 18 the metric for demonstrating compliance. LRV ambient must be
equal to or greater than the log removal credit for Cryptosporidium shown in Table 1.

e TMP: The transmembrane pressure or “TMP” is the pressure drop across the
membranes and must not exceed that indicated in Table 2. The log removal credit is
awarded based on this TMP as it reflects the operating conditions at the time of the
challenge study conducted to demonstrate the membrane’s ability to remove
Cryptosporidium.

e Flux: The flux (""/fier feed area) 1S the flow per square feet of membrane surface area on
the feed or inlet side of the membranes per day [82/59/4,, or “gfd”]. The flux must not
exceed that indicated in Table 2. The log removal credit is awarded based on this flux
as it reflects the operating conditions at the time of the challenge study conducted to
demonstrate the membrane’s ability to remove Cryptosporidium.

e Automatic Shutdown Conditions: The filters must be taken off-line or otherwise shut
down, repaired and/or re-tested if any of the following occurs:

1. PDR>UCL. The DIT PDR exceeds the UCL in Table 2.

2. LRVambient < LRC. The LRVambient is less than the log removal credit (LRC) in Table 1

3. IFE>0.15 NTU for > 15 min. The individual filter effluent (CFE) turbidity exceeds 0.15 NTU for
more than 15 minutes.

4. Combined Filter Effluent (CFE) turbidity exceeds 5.49 NTU (your regulator should be contacted
should CFE turbidity exceed 1 NTU. A boil notice may be required above 5.49 NTU).

e DIT Sensitivity (LRVpt): The results of the direct integrity test (pressure decay rate or
“PDR”) and the design flow can be used to determine the DIT sensitivity, expressed as a
log removal value of Cryptosporidium (LRVpir). This LRV is calculated as shown in
Appendix B and must be equal to or greater than the log removal credit (LRC) shown in
Table 1.
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Appendix B
Formulae, constants, & variables used in calculating the log removal value
(LRVambient) of each membrane filter unit using current ambient operating conditions.

Table B-1. Formulae and variables used in the LRV ampient programming

Specification

Value

LRVambient €quUation

e ALCRe P

O
O Yp®aLbhiRe i,
LR anb:em ng(AE . Vm oVCF)

est

Patm, Atmospheric pressure [psia]

Constant = 13.9 psi (same for ALCR) <+——

VCF, Volumetric Concentration Factor [dimensionless]

Constant = 1 (deposition mode)

VCF for backwash units in which filtrate goes to clearwell

N/A - no backwash recovery units

Vsys, Total volume of pressurized air in the unit during
direct integrity testing and volume per module [gallons
and liters]

Constant = 45.71 gallons (173 liters =
0.173 m3) for 4 Toray HFUG-2020AN
modaules per skid

(11.88 gallons/mociule = 44.97 Iiters/module)

Qp, filtrate flow of filter unit

Variable - for LRVambient Calculations

APiest, DIT pressure decay rate [psi/min]

Variable - based on the pressure decay
rate for most recent direct integrity test

Constants needed if ALCR is calculated using the
Hagen-Poiseuille equation for laminar flow
(Hagen-Poiseuille, MFGM! Eq. C.4)

|Z| Not applicable as Darcy equation is used for ALCR

527 ¢ AP, #(175-2.71eT +0.0137T?)

ALCR = TMP (460 < T)

AP, =[P, BP)]s (P, +P,m")+(BP+RJD,,1H(BP+RWJ}

2¢(8P+P,,) P,

atm

Patm, Atmospheric pressure [psia]

Constant = 13.9 psi (same for LRVambient) €

BP, Backpressure during the DIT [psi]

Constant® = 3.62 psi = 100.28 inches of
water.

Prest used for APess equation [psi]

Constant* = 18.21 psi

T, Feed water temperature [°F]

Variable - used for ALCR (e.g., 68 °F)

TMP, transmembrane pressure [psi]

Variable - used for ALCR (e.g., 29 psi)

Constants needed if ALCR is calculated using the Darcy

equation for turbulent flow (Darcy, MFGM*Eq. C.4)
[ ] Not applicable as Hagen-Poiseuille equation is used for ALCR

1708 Y » ";(P““’ — BP). (Hz‘w + Rum)

ALCR =
V. (460+T)eTMP

Y, Net Expansion Factor [dimensionless]?

Constant = 0.74°

'"MFGM = Membrane Filtration Guidance Manual (USEPA, Nov. 2005)
2 Crane Co. 1988. Flow of fluids through valves, fittings, and pipe. Technical Paper No. 410. Stamford, CT.

3 PLC programming is using _ 3.2 pst

4 PLC programming is using the UCL of _ 20 psi__for Py in the AP¢sr equation, which will yield a lower and

more conservative ALCR

> PLC programming is using the net expansion factor of 0.73, which is calculated using Piest = 20 psi, rather
than 18.21 psi. However, the impact is a difference in LRV of 0.01-log, which is considered negligible.


https://nepis.epa.gov/Exe/ZyNET.exe/901V0500.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2000+Thru+2005&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000012%5C901V0500.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
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The Upper Control Limit (UCL) is the maxium pressure
decay rate resulting from a pressure decay test that is
allowed and that if exceeded, requires that the filter unit
be shut down and repaired and/or re-tested. The UCL
for Young Life’s two WesTech UF AltaPac (AP-VI)
== membrane filter units containing 4 Toray HFUG-
2020AN ultrafiltration modules each was calculated using the following

SEPA evanare i manon aumace waniss

Table 4,1 Approaches for Calculating the ALCR

Wodule Type

Hollow-fiber

Defect Flow

OPE 1T0ey e

[{Fey = BP)* (7, + Py
Vo [@60+T)eTMP

Appendix C
Equation

ca

5278 AR,

*(175 27187 +0.013787%)
TMP o (460 +T)

Flat shaet'

1708y s |

[Py = BP) (P + Po)

Vo ([460+T)sTMP

527 %A, w(

175 =2.718 7 +0.0137 877
TMP (460 +T)

equations published in the Membrane Filtration Guidance Manual

(USEPA, Nov. 2005), herein referred to as the “MFGM”.

The UCL is related to the minimum direct integrity test (DIT) pressure, which typically occurs at the end of
the DIT air hold time. In order to achieve a resolution of 3 um required for pressure-based direct integrity

tests, the net pressure applied during the test must be great enough to overcome the capillary forces in a 3 um
hole, thus ensuring that any breach large enough to pass Cryptosporidium oocysts would also pass air during
the test. A DIT that does not maintain at least this minimum test pressure throughout the duration of the entire

air hold time is considered a failed test and may indicate either breaches or broken membrane fibers or a leak
in the air hold system and should prompt immediate repair and re-testing. The minimum applied test pressure

necessary to achieve the required test resolution of 3 um was calculated using MFGM Equation 4.1 as follows:

Minimum Required DIT pressure [psi] to meet the required 3 um resolution requirement
Prest_=18.21 psi is the minumum required DIT test pressure (e.g., minimum DIT ending test
pressure) in order to meet the 3 um test resolution calculated using MFGM equation 4.1 where,

Prest=(0.193 ¢ k* 6 * cos 0) + BPmax

0.193 = constant that includes the defect diameter (i.e., 3 pum resolution requirement) and
unit conversion factors

K = 1, dimensionless pore shape correction factor
o = 75.6 dyne/cm, surface tension at the air-liquid interface at 0°C
) = 0 degrees (0 radians), liquid-membrane contact angle

BPmax =3.62 psi (100.28 inch of water), maximum backpressure during the direct integrity test
Dnase = 0 psi/min, baseline decay through diffulsive losses assuming a fully intact membranes
(i.e., no broken fibers, or holes in the membranes). A Dyase 0f 0.0002 psi/min
(0.01 psi/5 min) was provided, but deemed negligible and
not accounted for in this determination.

Upper Control Limit (UCL) in psi/minute

UCL =0.08 psi/min wW/ALCR =22.51 (0.09 psi/min using ALCR = 24.49) is the maximum
allowable pressure decay rate for the direct integrity test as calculated using MFGM equation 4.17
where,
Qp =115.9 gpm
Patm = 13.9 psi
LRC =4.01log vcp < 2o S ALCR® By,
Vos =45.71gallons (173-L =0.173 m?®) ] 104 oV _ @ VCF
VCF =1 '
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https://nepis.epa.gov/Exe/ZyNET.exe/901V0500.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2000+Thru+2005&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000012%5C901V0500.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
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ALCR =22.233 (24.205 using Ptest = 20 psi) calculated using MFGM equation C.4 for turbulent flow

through a breach in hollow fiber membranes where.

Pest = 18.2 psi (WesTech used 20 psi)  |4LCR,, =170e1 e \/(

T =57.2°F

P

test

—BP)e(P_+P

test atm )

(460 + T ) TMP

TMP =29.0 psi
BP =3.62 pSl (BPmax)
Pam =139 psi

(Ptest — BP) / (Ptest + Patm) = 0.4543 (0.4832 using Prest of 20 psi)

Y =74

Using a lower net expansion factor yields a lower ALCR and LRVpir, therefore using Y = 74 as in the

LRV calculations provided by WesTech is acceptable.

(Ptest - BP) / (Piest + Patm) = 0.472|Nole: this value changes based on the Pressure Decay Test pressure

[ 0.7 mm HFUG Hollow-fiber lumen diameter (1D}

L 80 mm Depth of membrane into potting material

f 0.0315 Friction factor (from iterative method), see "Iterative Method for DP" worksheet
Re 11,462

K =X (LY dier) = 3.69' Note: this value is fixed for all HFUG membrane systems

(Equation C.6 EPA Manual)

Using the appropriate chart on page A22 or A23 (CRANE - Flow of Fluids) yields a value for Y as shown below:

Yi= 0.74

Y ;,K

Pft?.s‘f _BP
P _+P

resr arm

(Equation C.5 EPA Manual)

APPENDIX A
A — 22 PHYSICAL PROPERTIES OF FLUIDS AND FLOW CHARACTERISTICS OF VALWVES, FITTINGS AND FIPE

CRANE

Net Expansion Factor ¥ for Compressible Flow
Through Pipe to a Larger Flow Area

ry=14
(¥ = approximately 1.4 for Air, H,, O,, N_, CO, NO, and HCI)
Lo T T T Limiting Factors
\"“'--‘., | For Sonic Velocity
0.95 S - =14
\ ] 7 { | ¥=1
-3 i |
0,50 AN - | : | ‘
) i | Kk | &e Y
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\d
Ty =~k
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< 5. (P D 7 p 0 4 | 697 | 649
0.70 N 6 | 737 | 671
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DIT Sensitivity

Sensitivity is defined as the maximum log removal value that can be reliably verified by the direct
integrity test (i.e., LRVpir). The sensitivity of the direct integrity test establishes a maximum log removal
credit that a membrane filtration process is eligible to receive if it is less than or equal to that demonstrated
during challenge testing (i.e., LRVc-test). For example, if the challenge test demonstrated a LRV c_test of 5.5
log, and the direct integrity test is capable of demonstrating an LRVpit of 4.5 log, the membrane filtration
process would be eligible for removal credit up to 4.5 log. The sensitivity is related to the ability of the
pressure sensor in terms of accuracy to measure a pressure decay rate. To evaluate the sensitivity of the
pressure sensors in use for the DIT measurements, LRVpir is calculated using the accuracy of the pressure
sensor to ensure the DIT is capable of demonstrating the log removal credited (LRC) for the membranes.
In this evaluation, two conditions that needed to be met (and were met) as follows:

1. The smallest pressure decay rate measurable by the pressure sensor must be < UCL
2. The LRVpir must be > LRC where the LRC is < LRV test

LRC - 4.0—10g (< LRVC-Test)
LRVc1est = 5.17 log (0.048 psi/min QCRV w/pressure decay test (NDPT))
LRVpir = 4.2-log (> LRC) which is the sensitivity of the DIT using MFGM equation 4.9 where,

Qp = 115.9 gpm (maximum design feed flow through a filter unit)

ALCR =22.233 (calculations shown above)

Pam = 13.9 psi Q,*ALCReP,,
Vs =45.71 gallons (173-L = 0.173 m®) LRV o = “’g{ AP eV_eVCF }

VCF =1
APtest = 0.05 psi/min (< 0.08 psi/min UCL) is the sensitivity of the Wika A-10 transmitter.

Note: 0.05 psi/min is the smallest pressure decay rate measurable by the Wika A-10 pressure
trasmitter used to measure the pressure decay rate during a direct integrity test, which was determined
using the pressure sensor manufacturer’s stated accuracy (+ 0.5% of span, BFSL), expressed as a % of
span x the maximum span (0 — 50 psi) anticipated measurement range) divided by the DIT duration in
minutes. APtst must be less than or equal to the UCL. In this case:

APrest = [(0.5% Accuracy/100%) x 50 psi span] / 5 minute DIT duration = 0.05 psi/min, which
is less than the 0.08 psi/min UCL. (0.05 psi/min is 37.5% below the 0.08 psi/min UCL),
yielding an LRVpit of 4.2-log, which is still greater than the 4.0-log removal credit.
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Appendix C

Membrane Module product Specifications

Table C-1. Membrane Filter Module Specifications

Specification Value
Membrane Manufacturer Toray
Membrane Model Number HFUG-2020AN
Challenge test standard (ANSI/NSF 419-YY, ETV, etc.) NSF-419-18%*, 40 CFR §141.719
Challenge test report date August 15, 2019
LRV Test 5.17-log (approved for 4.0-log = LRC)
OHA-DWS Challenge Study Verification Information Date Verified = November 12, 2019

LRC = 4.0-log (Giardia/Crypto)
Max Flux = 120 GFD @ 20°C
Max TMP = 29 psi

Assumes a 2.98 psi maximum backpressure (BPmax) => Minimum DIT Pressure = 17.48 psi
ANSI/NSF Standard 61 certification (yes/no) Yes
Membrane type (e.g., hollow fiber, etc.) Hollow fiber (14,000 fibers per module)
Number of fibers per module 14,000
Fiber inside (lumen) diameter 0.7 mm (1.1 mm outside diameter)
Fiber wall thickness 0.2 mm
Active fiber length (length of fibers not in potting) 71.5 Inches (1,816 mm)
(module dimensions: 85 in x 8.5 in dia.)
Potting depth (or defect length) 95 mm potting depth
Membrane classification (e.g., ultra- or micro-filtration) Ultrafiltration
Nominal membrane pore size (e.g., 0.01 um, etc.) 150,000 Daltons
Membrane material (e.g., PVDF, polysulfone, etc.) PVDF
Roughness coefficient N/A
Feed side membrane filtration area (ft?) 969 ft2 (90 m?) per module
Filtration Flow Direction (i.e., inside-out or outside-in) Outside-in
Hydraulic configuration (i.e., deposition or suspension) Deposition
Submerged or Pressurized Pressurized

TEST REPORT Q -

*Testing of the Toray HFUG-2020AN Ultrafiltration
(UF) membrane module was conducted in the NSF
testing laboratory in 2019 to measure log removals of
Cryptosporidium, using Bacillus endospores as a
surrogate. The HFUG-2020AN is certified to
NSF/ANSI Standard 61.
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“TORAY’

B Product Datasheet
Innevation by Chemistry

HFUG-2020AN

Pressurized Qutside to In / Dead-end Filtration Ultrafiltration
(UF) Membrane Module

The HFLG-2020AN module is Toray's latest UF innowation that features hollow fibers
with a smaller diameter but with improved membrane durability and performance.
The rasult is an increased surface area per module for more production output.

Membrane Characteristics

Membrane Material PVDF [Polyvinylidene fluoride)

Mominal Pore Size Lm 0.

Outer Membrane Surface Area m* (ft¥) 50 (969)

QOperating Parametars Unit Valua

Maximum Faed water / Filtrate Flow m*h {gpm) 15 [B6)

Maximum EBackwash Flow m¥h (gpm| 16.8(74)

Manimum Air Flow Mm*/h [scim) 9053 '

Maximum Inlet Pressure kPa (psi) 300 (43.5)

Maximum Backwash Pressure kPa(psi) 300 (43.5)

Mormal Cperating Trans-membrane Pressure kPa (psi) 0200 [0-29)

Operating Tempearature Range "C[*F) 1-40 {34-104) ]
During Filtration 110

pH Range
During Cleaning 0-=12 1

*Please contact Toray for operating manual and preliminary design, as capacity per module is
highly dependent an feed water quality. I |

Product Certiflcations & Compliances

[Please contact Toray for details an the cerifled modules)

= NSHANSICAN 61 for drinking water applications

= NSFANSI 419 to comply with the U.S. EPA's Long Term 2 Enhanced Surface Water
Treatment Rule (LTZESWTR), which allows membrane manufacturers to prove
Cryptospondium reduction

= Assoclation of Membrane Separation Technology of Japan

«  Korea Water and Wastewater Works Assoclation

Applications
Drnking water, Industrial process water, Pretreatment for seawater RO desalination,
Secondary and Tertlary wastewater
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“TORAY’

B Product Datasheet
Innovetion by Chemistry

HFUG-2020AN

Pressurized Outside to In / Dead-end Filtration Ultrafiltration
(UF) Membrane Module

1) FITRATE
@ J BACK'WASH

Dimensions and Weight

Diameter mm {in) 216 (8.5)
Length mm (ft) 2,160 (7.087) <::|
Full of Water kg (lbs) 92 (203) (ZyAIR 0UT
Weight
After Draining kg (Ibs) 43 (108)
{1) Filtrate / Backwash Housing type joint, 80A
(2] Air Out Housing type joint, 654

{3) Feed Drain / Air In Housing type joint, 804

2216 (2.5
2,160{7097

Material Composition

Casing uPWEC
Cap uPWC
Potting Epoxy resin
J-ring EFDM

Please contact Toray for more detalled drawing and dimenslons. a
DRATH/AIR 19

Toray acczpts ro responsibity for fesults abtained by e applcation of ks Imamation ar the safety o sulabiiRy
of Toray's producks, elther akone of In combination with other products. Ussrs are adwsed by make their cwn ests 10

delermine the sately and sutablity of aach product combinaion for thelr own purposes.
&1 dala may change without prior notice, due o technical modicaions or production changes. Please be sum 1o
e abouk the labest product spedfications.

Headquarters Europe B Sub-Saharan Africa B Linkedin B ouTubs
Japan +813 3245 4542 (TMEL)

Asia Pacific Switzerland +41 61 #15 B0 For more info, please visit

China [TEMC) +BG 10 BO4B 5216 Middle East (TMME) wate r.toray
Singapore [TAS) +565 6226 0525 Saudi Arabia +966 13 568 0051

Korea (TAK) +82 2 327% 7365 LLAE. +9714 352 BEN

Americas [ TMUS) 20of2

US4 + [B58) 218 2360 £20232 Toray Industrics, Inc. -MB2-0% 730631




Page 18 of 20
Young Life (PWS #01246)

Final Approval PR #75-2021 — Membrane Module Replacement with 8 Toray HFUG-2020AN Modules

November 9, 2023

ANSI/NSF Standard 419-18 Challenge Study Report from the National Sanitation Foundation
(NSF) dated August 15, 2019 (NSF job #J-00320592) for the installed Toray HFUG-2020AN

membrane modules

MSF Intemational

©

Sl To: 83110
Mr. Yosel Fujita
Tioray Industr, Inc

T L Disckecas FLEL Ann Scteor, B 4B005, LGS,
A-B30 MEF MARK | +4-T24 WL B0 | s ralon

TEST REPORT

Faciigy: CE23111
Toray Chamical Korea, Ino.
300, Sgangaan 24, Gumi

1-1-2, Mo nbishi-hT o CrpngRangbus-2e TI0360
Chusbu, Togo orea, Fapubii of
1035888
Japan
Recul: FAEE Feport Diate 15-AUG-2013

Cusiemer Name:
Testest Te

Tonay Ireiusivies, o

Looation of Testing
Deesecription

T Typac

sty MUmbEr
Projest Numbsr:
Frogct Manager

Quakfiation
JOEE0EEE
WDERET X
Sanghs Lea

HEFIANE] Standard 470-2018: Putke Drinking Waler Egquipmen Perirmanes — Flnation
HEF Infermatonal, 720 N Dixbore Rdl, Are Arbor, MI45105
Uitrafiradon Membrane Modubes, Modsl Mumber HFLG-ZE0AN

Table 1 — Challenge Test Summary Results

Membrane manufacturer

Toray Industries, Inc.

Membrane model number

HFUG-2020AN

Thank yeu Tor hasing yeour prestuct ested by HEF

Flease contant your Project Manager I you hire any questions o cono

Cigitaliy
Report Authorization: Date=10
Tt Bcimarier — iy Leader, Engiossrs

e

Puul Ancierszn — Dirscizr, Engiressng Lab

Authaortty:

This report replaces the repert with serial nember FEN0WT IRI0361L Ti
spacifications. This dess act chasge the averall stabu of the repard.

PO ST SRy

Tim rapeort bl no e sepredlson, eeoms i En warey, sl B weisen szprossl of &
Eattotuton = Use B NSF Mare Actrodteson 5o e o NSF Mar @ bmiss in produc
buteree . crg). Thes viaas salats Sy o Shote M e In s sordBion mecalesd md

Membrane type

Hollow fiber

Membrane classification

Ultrafiltration

Challenge test date

04/01/2019 — 6/27/2019

Challenge particle or organism

M52 and Bacillus atrophaeus

LRVcrex (l0g)

517

Challenge test feed water temperature (*C)

16.11-21.94

Challenge test flux (gfd)

120.14 - 120.57

Challenge test flux normalized to 20°C (gfd)*

113.78-132.79

Challenge test TMP (psi)

15.19-18.29

Revised Non-Destructive Performance Test (NDPT) Method

Pressure decay test from 18_85 psi

Revised Quality Control Release Value (QCRV)

0.048 psi/min

Equation for Air-Liquid Conversion Ratio (ALCR)

[(Peat — BPI(Praat + Patwa)

ALCR , =170 x ¥
Trilens rE | (804 T) = THF)

Equation for LRV or

IQP » ALCR P,,,m]

LRV, =lo
our = 10810 [APeoze % Ve % VEF|

Test flux normalized to 20°C using equation 210 from the Membrane Filtration Guidance Manual, USEPA 2005
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A summary of the Toray HFUG-2020AN modules is shown below in Table 3.

Table 3 - Manufacturer and Model Specifications

Description
Membrane Make Taoray
Membrans Model Number HEUG-2020AN
ANSI/NSF Standard 61 certification Certified
Membrane type Hollow Fiber
Membrane classification Ultrafiltration
Mominal & max pore size, or molecular weight cutoff rating 150,000 dalons
Membrane media symmetry -
Membrane material PVDF
Feed side membrane filtration area (ftf) 969

Membrane module specifications

Medule cutside diameter (mm) 216
Length [mm) 2,160
Module volume (gallons and liters) Feed side, lumen, end caps: 45.0 Liters, 11 88 gallons
Potting depth (mm) -
Potting material Epoxy andfor equivalent
Module weight — full/dry (kg) 110/ 67
Module casing material — if pressurized PYC and/or equivalent
Membrane fiber characteristics
Number of fibers per module 14 000
Inside fiber diameter (mm) 07
Fiber wall thickness {mm) 0.2
Active fiber length {mm) 1,816
Filtration Flow Direction (i.e., inside-out or gutside-in} Qutside —In
Hydraulic configuration [i.e., deposition or suspension) Dead End
Dperating Limits
Maximum design filtrate flux at 20°C (gfd) 120
Maximum inlet module pressure (psi) 435
Maximum design transmembrane pressure [TMP) at 20°C 435 psi max, 29.0 psi normal operation
Maximum TMP at any temperature 29 psi
Max oxidant tolerance (cleaning; oxidant(s)] 3000 mg/fL Cl:
Max oxidant tolerance (normal operation; oxidant(s)) -
pH tolerance range [cleaning) 0.0—12.0 {0.0-40°C)
pH tolerance range (normal operation) 1.0—10.0 (0.0 —40°C)
Temperature tolerance range 0.0 40°C
FI20120815145247 J-00320582 Page 8 of 30

This repart shall not be reproduced, except In Bs entirety, without the written approval of MSF. This repart does not represant NSF Certification or
authorzation to use the NSF Mark. Authorzation to use the NSF Mark Is imifed to products appearing In the Company’s Officlal NSF Listing
{www_nsf.ong). The results relate only to ose Rems tested, In the condition recalved at the labaratory.
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Table 11 - Membrane Integrity Summary Information
Revised NDPT method and QCRV
NDPT method [e.g., pressure decay, etc.) 10-minute pressure decay from 18.85 psi
QCRV (include units) 0.048 psi/min
Equations for use in determining LRV, ALCR, and DIT pressures

® ALCR % Pogy
LRVon equation LRVper = logso [ﬁ
LS s

I[PC‘:I: — BP)(Frese + Farm)

i ALCR gy =170 =¥
ALCR equation Furintme b | (460 +T) xTMF)

DIT pressure equation Prpge = (0,193 w0 K ® o ¥ cosf) + BFy,.

Constants for use in determining LRV, ALCR, and DIT pressures

Volume of pressurized air in module during DIT (liters) 34.0
Volumetric concentration factor (VCF, dimensionless) 1

Net expansion factor (Y] 0.588

Lumen diameter (d, mm) 1.1 outside, 0.7 inside
Potting depth or defect length (I, mm)

Pore shape correction factor (K, dimensionless) 1

Liquid membrane contact angle (e, degrees) 'y
Maximum design flow rate per module (L/min) 305.67

Nota: The "revizced” nondestructive pavformance test (NDPT) method and quality comirol releaze value {QCRF) ars
the NDPT and QCRF establizshed as a rasult of the challenge study that will demonstrate meeting the 3 u resolution
requirement (with caleulation: and variable: used) and that the modules will mest the removal efficiency
demonstrated by the challange tezt (LR Ve 5. These may not have changed from what the manyfacturer was already
using, howsver, the term "revised” iz used to denete the NDPT and QCRF reviewed/revised as a result of the
challenge rest.

Toray HFUG-2020AN Hollow Fiber PVDF Ultrafiltration Module
Outside-in flow operated in dead-end deposition mode
Molecular weight cutoff = 150,000 daltons

14,000 PVDF hollow fibers per module

Fiber interior (lumen) diameter = 0.7 mm

Active fiber length = 1,816 mm

Filter area =969 f;

Maximum flux =

allenge test flow)

Outside-In

Minimtim ends tegrity test pressure = 17.44 psi (assumes 2.98 psi BPmax)




