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Abstract: In order to secure the reliability of pathogenic microorganisms such as Cryptosporidium and Giaridia, which
are chlorophilic protozoans, membrane filtration systems have been widely used in water purification process. hese integrity
tests are classified into direct and indirect methods. Based on the bubble point theory, the pressure-based test in the direct
method is presented in the USEPA Guidance Manual with sensitivity to detect a minimum size of pathogenic micro-
organisms of 3 pm or more. Indirect methods are widely used in that they are capable of continuous operation in on-line
state, but there is a very low sensitivity of damage detection compared to the direct method, and there is a limit that can
not specify the damage area, so it is necessary to improve this sensitivity. In this study, we compared the LRVDIT and
UCL values according to the type of membrane defect, number of fiber breaks, and initial set pressure value through the
Integrity Test by Pressure Decay Test (PDT).
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Table 1. Membrane Specification

Parameter Index
Material PVDF (Polyvinylidene fluoride)
Diameter (in/out) 0.7/1.2 mm
Membrane Specification Area 36.8 m’
Pore Size 0.1 um
Module Size (mm) 2227 L x 140 ©
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Fig. 1. Schematic diagram for measuring the Pressure
Decay Test.
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Fig. 2. Membrane broken types of Horizontal Cutting,
Diagonal Cutting, Straight Defect, and Scratch Defect.
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2.3. LRVDIT (Log Removal Value Direct
Integrity Test)
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LRVpyr = direct integrity test sensitivity in terms of LRV

(dimensionless)

Qp = membrane unit design capacity filtrate flow
(L/min)

ALCR = air-liquid conversion ratio (dimensionless)

Quir = flow of air through the critical damage during a
pressure-based direct integrity test (L/min)

VCF = volumetric concentration factor (dimensionless)
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Quir = flow of air (L/min)

APy = rate of pressure decay during the integrity test
(psi/min)

Viys = volume of pressurized air in system during the
test (L)

Patm = atmospheric pressure (psi)
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LRVpr = direst integrity test sensitivity in terms of LRV
(dimensionless)

Q = membrane unit design capacity filtrate flow
(L/min)

ALCR = air-liquid conversion ratio (dimensionless)

Patm = atmospheric pressure (psi)

APy = rate of pressure decay during the integrity test
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Fig. 3. The result of initial pressure value for PDT.

(psi/min)

Vs = volume of pressurized air in the system during
the test (L)

VCF = volumetric concentration factor (dimensionless)

2.4. UCL (Upper Control Limit)
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UCL = upper control limit in terms of pressure decay
rate (psi/min)

Qp = membrane unit design capacity filtrate flow
(L/min)

ALCR = air-liquid conversion ratio (dimensionless)

Patm = atmospheric pressure (psi)

LRC = log removal credit (dimensionless)

Viys = volume of pressurized air in the system during
the test (L)

VCF = volumetric concentration factor (dimensionless)
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Fig. 4. PDT results by membrane defect type at Py (a)
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3.1. Zyl2ge=z 58

2o) &4 f/5E Sshs PDT 54 A S99t
ol dofts A ARl UM o] S5
FAELEE At o= A At Mskgd 2% 4
HolE S HAAHOR 27 bl dojit
71 AMA S 2 EA L P e SR T

Anh= Fig. 39 2tk

PDTY AA Peys &olR7] ¢35+ 100~200 kPa2
MR 5 kPadl WAHOR Totale] AAEHE H2
E9 A% o] o g }

)
rb

>
rlo
2
rir
pouy
tlo

5

oft

Membr. J. Vol. 27, No. 3, 2017



252

Table 2. Integrity Sensitivity Basis Factor

Yong-Soo Lee + Ha-Young Kang + Hyung-Soo Kim * Jong-Oh Kim

f dfiber L (broken points) K Pam Piest BP (Piest - BP)/(Pest + Pam) Y Vs
- mm cm - kPa kPa kPa kPa - cm’
0.023 0.7 10.83 356 1013 100 14.7 41.0 078 30000
0.023 0.7 10.83 356 1013 150 14.7 523 0725 30000
0.023 0.7 10.83 356 1013 200 14.7 59.8 0.685 30000
Table 3. ALCR, LRVp;r and UCL per PDR at Cutting Number
UCL UCL
: . A
Cutting Prest Pres VCF ALCR LRVoir (by 4 log) (by 3 min)
Number
kPa kPa - - - kPa/min kPa/3 min
100 2.7 1 16.47 3.89 0.30 0.91
Normal 150 2.4 1 21.53 4.05 0.40 1.19
200 37 1 26.06 4.09 0.48 1.44
. 100 48.8 1 16.47 2.63 0.30 0.91
I Fiber 150 65.8 1 21.53 2.62 0.40 1.19
Cutting
200 67.4 1 26.06 2.69 0.48 1.44
. 100 91.4 1 16.47 2.36 0.30 0.91
2 Fiber 150 116.3 1 21.53 2.37 0.40 1.19
Cutting
200 152.0 1 26.06 2.34 0.48 1.44
. 100 1.1 1 16.47 2.16 0.23 0.7
3 Fiber 150 163.5 1 21.53 2.26 0.43 1.28
Cutting
200 202.8 1 26.06 2.24 0.51 1.53
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Table 4. ALCR, LRVpr and UCL per PDR at Broken Types

UCL UCL
A
Broken Types Pes P VCF ALCR LRVorr (by 4 log)  (by 3 min)
(1 fiber) . .
kPa kPa - - - kPa/min kPa/3 min
. 100 48.8 1 16.47 2.56 0.30 091
Diagonal 150 65.8 1 21.53 2.58 0.40 1.19
Cutting
200 67.4 1 26.06 2.57 0.48 1.44
. 100 44.6 1 16.47 2.54 0.23 0.7
Straight 150 77.9 1 21.53 272 043 128
Defect
200 93.4 1 26.06 2.78 0.51 1.53
100 46.8 1 16.47 3.15 0.23 0.7
Scratch 150 55.7 1 21.53 3.8 0.43 128
Defect
200 58.1 | 26.06 327 051 1.53
. 100 11.4 1 16.47 2.63 0.23 0.7
Horizontal 150 15.4 | 21.53 2.62 0.43 128
Cutting
200 18.8 | 26.06 2.69 0.51 1.53
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