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Introduction Testing Infrastructure Test Stand Testing Process Aged Study Test Results [5,6]

High efficiency particulate air (HEPA) filters are used extensively throughout All filters were tested utilizing ICET’s Axial Flow Large Scale Test Stand * Initial dry mass obtained by drying the filters in an oven at approximately Utility / Filter Type Year of Target dP Failure
nearly every operating Department of Energy (DOE) and National Nuclear (ALSTS), which has been configured to meet the requirements for assessing 49 °C (120 °F) for four hours and weighing the filter. Plant Name Manufacture | (Pa/in.w.c.) | (Y/N)
Security Agency (NNSA) site. These nuclear grade HEPA filters are credited as the function of 24”x24”x11.5” axial flow filters as described in ASME AG-1, * Conditioned in the ALSTS at design flow under ambient air conditions, EPRI Separator — Man2 1992* ~995/4 N
the final barrier to protect the environment, public, and employees from the Section FC. approximately 16 — 27 °C (60 — 80 °F) and 40 — 60% RH for one hour. EPRI >eparator — Man2 1992~ N/A Li
— E 3 ~
accidental release of airborne radioactive materials and therefore must be Design Specifications * The filter is removed from the filter housing and weighed to determine EPRI >eparator — Man2 1992 295/ 4 N
. . . . : ; , EPRI Separator — Manl 2009* ~995 /4 N
verified for their performance. These filters must meet the American Society * Flowrates up to 0.7079 m3/s (1500 cfm) the filter tare mass. EPRI Separator — Man1 5009* ~995 / 4 N
of Mechanical Engineers’ (ASME) A§—1 Code on Nucl.ear Air and Gas | e 24,884 Pa (100 in. w.c.) * Aninitial filtering efficiency (FE) is performed to assess the results of the EPRI Separator — Man1 -009 ~995 / 4 N
Treatment; therefore, they are designed and tested in accordance with the * Up to approximately 77 °C (170 °F) filter’s performance from the FTF. EPRI Separator— Man1 2009 ~995 / 4 N
ASME AG-1 Code that establishes design requirements and qualification * >90% Relative Humidity * If applicable, rough handling and post rough handling FE is performed. EPRI Separator — Man1 2009 ~995 / 4 N
procedures [1]. In addition to qualification testing, each HEPA filter * Loading Capability * Filter is loaded with alumina trihydroxide (Al(OH);) to the target dP. EPRI Separator — Man1 2009 ~995 / 4 N
purchased for use in the DOE complex is also inspected and tested by the Air  Dioctyl Phthalate (DOP) * The filter is removed, and its loaded mass is determined. EPRI Separator — Man1l 2009 ~995/4 N
Techniques International (ATI) operated Filter Test Facility (FTF) in * Alumina Trihydroxide (Al(OH),) * The filter is reinstalled and then exposed to elevated relative humidity EPRI >eparator — Manl 2003 ~935/4 N
accordance with DOE-STD-3020 [2] and DOE-STD-3025 [3] Standards. The | e | ] and temperature at 0.4719 m3/s (1000 cfm) for one hour, and all test FTF Separator —Man3 | Test Date 02/1996 995/4 N
FTF confirms conformance of each filter unit to AG-1 dimensional T e S L - TSNS sl N parameters including filter dP are monitored to determine its stability. Al Ei 222:2;2:— mz:i ;81; ~ggg ;j E
requirements, verifies marking and labeling, and visually inspects each filter. . ; = - - | S // aged elevated conditions were 60 °C (140 °F) and 90% RH. — U-pack 5009 ~373 /1.5 N
The FTF also conducts testing to verify filtering efficiency and conformance e AL e & S/ * After one hour, the steam injection is turned off, and the filter is allowed FTE U-pack 2009 ~373 /1.5 N
to specified differential pressure (dP) of clean filters at their rated flow and . (’3 B gl il / | ' to dry under airflow. FTF U-pack 2012 ~373 /1.5 N
20% of rated flow. Additional information regarding filter performance is o LY : * Final FE measurements are made with the test stand operating under FTF U-pack 2012 ~373 /1.5 N
provided through research activities at ICET to evaluate new and aged filter | . e ‘ ambient conditions. FTF W-pack 2003 ~995 / 4 N
performance at upset conditions. T & =, i ) W e The filter mass is determined. FTF W-pack 2004 ~995 / 4 N
N | o Sis T A dues  /fa * The filter is dried and weighed to obtain the final dry mass. FTF W-pack 2008* "935/4 N
Project Objectives R, ol SN YR B4 FERMI Separator — Man2 1982 ~995 /4 N
. . . ] ] . =G | o < - . ~ 5 3 A _ % ~ C
The evaluation of filters in this project allows for the comparison of I el M . AL . RPN — ¢ FERMA >eparator - Man_ 1982 295/ 4 N
erformance and durability of new filters under upset or design basis e W - Nk N N\ K Separator/Separatorless Study Test Results [4] Diablo Separator — Man2 1973* ~995/4 N
P o _ . Y P 5 , N == : V| (B Filter Type / Target dP Target Temp |Target| Failure Diablo Separator — Man?2 1973* ~995 / 4 N
Cond[:“OniW'th igEd f||ter5-. | | A y Y Pack Type Run 1D (Pa/in.w.c.) | (°C/°F) |[%RH| (Y/N) —_— Separator — Man2 ~1980* N/A Yf
e 24 X24 x11.5” AG-1 Section FC Axial Flow Filters s (N | . Separator Man1-1-140-90-1 |~249 / 1 (CIean) 60 / 140 90 N Irlalrlde Separator — Man2 ~1980* N/A i
e With Separators g \ Separator Man1-4-140-90-1 ~995 / 4 60 / 140 90 N slan Separator — Man2 ~1980* N/A Y
 Without Separators Separator Man1-4-140-90-2 ~995 / 4 60/ 140 90 N Hanford Separator — Man1 2004 ~995 / 4 N
* 0.4719 m3/s (1000 cfm) Separator Man1-4-140-50-3 ~995/4 60 /140 90 N Hanford Separator — Man1l 2004 ~995 / 4 N
* Loaded with Alumina Trihydroxide (Al(OH),) under Ambient Conditions Separator Man2-1-140-90-1 |~249/1 (Clean), 60/140 | 90 N Hanford Separator — Man1 2004 ~995 /4 N
* Filters with Separators and W-pack Separatorless Filter are loaded to :e"arazor mang'i'ijg'gg'; 332 ;j gg; ﬂg 38 E Hanford Separator — Man1 2004 ~995/4 N
. . eparator dNZ-4- -JU- ~ - ~
approximately 995 Pa (4 in. w.c.) P — Hanford U-pack 2009 373/1.5 N
. . . Separator Man2-4-140-90-3 995 /4 60 / 140 90 N Hanford U-pack 2009 ~373 /1.5 N
 U-Pack Separatorless Filters are loaded to approximately 373 Pa (1.5 in P
P PP Y -2 1N. Separator Man3-1-140-90-1 [~249/1 (Clean)| 60/140 | 90 N Hanford W-pack 1999 ~995 / 4 N
w.C) Separator Man3-4-140-90-1 ~995 /4 60/ 140 90 N Hanford W-pack 1999 ~995 / 4 N
* Exposed to Upset Conditions S— —— pY——— Separator Man3-4-140-90-2 ~995 / 4 60/140 | 90 N Hanford W-pack 2000 ~995 / 4 N
° 60 oC (140 oF) canning IViobllity Farticie sizer daser Aerosol spectrometer eroaynamic Farticie slizer Separator Man3'4'140'90'3 ~995 / 4 60 / 140 90 N Hanford W_pack 2000 ~995 / 4 N
* 90% Relative Humidity * 0.025-1 pm * 0.09—-7.5um * 0.5-20 um U-Pack U-1-140-60-1 ~249 /1 (Clean)| 60/140 | 60 N Hanford W-pack 2002 ~995 / 4 N
e Uses a DMA to classify  Uses a laser to e Accelerates aerosol U-Pack U-1.5-140-90-1 373 ; 1.5 60; 140 90 N Hanford W-pack 2002 ~995 / 4 N8
W-Pack(Separatorless) U-Pack(Separatorless) Separator Style Filter particles and a CPC to measure wide angle  stream through nozzle U-Pack 0r1.5-120-90.3 373/ 15 60/140 | 90 N b - /
count the number of light scattering and measures : : Hanford W-pack 2002 995/ 4 N
5 LN 0 S T " T T . . _ . _ U-Pack U-2-140-60-1 ~498 / 2 60 / 140 60 N Hanford W-pack 2002 ~995 / 4 N
TR T T particles Intensity time of flight U-Pack U-2-140-60-2 ~498 /2 60/140 | 60 N : -
TT I T T T 1 YT s , . . . : , Hanford W-pack 2002 995/ 4 N
LSS X 1 #/cc (min) 0.02 #/cc (min) * 1 #/cc (min) U-Pack U-2-140-80-1 ~498 / 2 60/140 | 80 N Hanford W-pack 5002 ~995 / 4 N
TIT ; | ‘ LTFI?-J U-Pack U-2-140-80-2 ~498 /2 60/140 | 80 N Hanford W-pack 2003 ~995 / 4 N
T *}%ﬁql UL 3 U-Pack U-2-140-30-2 ~498;2 60/ 140 20 N Hanford W-pack 2003 ~095 /4 N
22 (4 134188 LBl B | ] U-Pack U-2-140-90-3 ~498 / 2 60 / 140 90 N _ ~
T T LT T T T 158 Rough Handling Test Results [4] O-Pack 07140901 ~498 /2 60? 120 | 90° v Hanford W-pack 2003 295/ 4 N
T W Fil -Fac ~2-153U-JU- Hanford W-pack 2003 ~995 / 4 N
TITTTd _ ilter Type / Target dP Target Temp |Target | U-Pack U-3-140-60-1 ~747 /3 60 / 140 60 Y
1 HENE 1 Run ID : o { 0 Failure (Y/N) Hanford W-pack 2003 ~995 / 4 N
LTI | Pack Type (Pa/in.w.c) | ("C/°F) |%RH U-Pack U-3-140-60-2 ~747/3 | 60/140 | 60 |  N°
- WITTIT B U1 A On A |~ -rac ~5-14U-bU- Hanford W-pack 2003 ~995 / 4 N
| T Separator | Man2-RH-1-140-90-1 | ~249 / 1 (Clean) 60 / 140 90 N U-Pack U-3-130-60-1 ~747 /3 ~54 /130 60 N
TOTTI T U A 1AM ON. ~ “Fac ~5-19U-bU- Hanford W-pack 2003 ~995 / 4 N
T v f Separator | Man2-RH-4-140-90-1 995 /4 60/ 140 90 N U-Pack U-3-130-60-2 ~747 /3 ~54 / 1309 | 60° Y
1T B LA 1AM OGN ~ “Fac ~3-23U-0U- Hanford W-pack 2004 ~995 / 4 N
o | Separator | Man2-RH-4-140-90-2 995 /4 60 / 140 90 N U-Pack U-3-130-60-2B ~747 /3 ~54 /130 | 60 N
T T U1 A A0on. ~ ac Hanford W-pack 2004 ~995 / 4 N
Separator | Man3-RH-1-140-90-1 249 /1 60 / 140 90 N U-Pack U-3-130-80-1 ~747 /3 ~54 /130 | 80 N
FTWEYLY ~ Hanford W-pack 2006 ~995 / 4 N
References Separator | Man3-RH-4-140-50-1 995 /4 60/140 | 90 N U-Pack U-3-130-80-2 ~747 /3 ~54/130 | 80 N
. . . . Separator | Man3-RH-4-140-90-2|  ~995/ 4 60/140 | 90 N Hanford W-pack 2006 ~995/4 N
[1] ASME AG-1-2015, Code on Nuclear Air and Gas Treatment, American Society of Mechanical P U-Pack U-3-130-90-1 ~747 / 3 ~54 /130 90 Y ford K -
| . : 2015-code-nuclear-air-gas- Separator | Man1-RH-1-140-90-1 N/A N/A N/A v . . Hanfor W-pac 2006 995/4 N
Engineers. https://www.asme.org/products/codes-standards/agl1-2015-code-nuclear-air-gas-treatment P U-Pack U-3-130-90-2 747 / 3 54 /130 90 Ye
Separator | Manl-RH-4-140-90-1|  ~995/ 4 60/140 | 90 YP . Hanford W-pack 2006 ~995/4 N
[2] DOE-STD-3020-2015, DOE Standard Specification for HEPA Filters Used by DOE Contractors. P - U-Pack U-4-140-60-1 ~995 / 4 60 / 140 60 Y Hanford W-pack 2007 ~995 / 4 N
http://energy.gov/ehss/downloads/doe-std-3020-2015 Separator | Man1-RH-4-140-50-2 N/A N/A N/A Y U-Pack U-4-140-60-2 ~995 / 4 60/ 140 60 Ye Hanford W P y 5007 995 / 4 N
a anitor -pPacC ~
[3] DOE-STD-3025-2007, DOE Standard Quality Assurance Inspection and Testing of HEPA Filters. Separator | Man1-RH-4-140-90-3 N/A N/A N/A Y W-Pack W-1-140-60-1 ~249 /1 (Clean)| 60/ 140 60 N Hanford W-gack 2007 ~995 / 4 N
http://energy.gov/ehss/downloads/doe-std-3025-2007 U-Pack U-RH-1-140-30-1 ~249 / 1 (Clean) 60 /140 20 N W-Pack W-4-140-60-1 ~995 / 4 60/ 140 60 N o 1o el 1 cond ; o handling fai
- _RH.- _ _ON- ¥ Not challenged to elevated conditions due to rough handling failure
[4] Separator vs. Separatorless Axial Flow Filter Study Report, 19-REP-DOE-SEP/SEPLESS-FINAL, Rev O. U-Pack U-RH-1.5-140-90-1 373/1.5 60 / 140 90 N W-Pack W-4-140-60-2 ~995/4 60 / 140 60 N b Failed post rough handling FE, tested for information purposes only, and failed final FE.
Institute for Clean Energy Technology. 2019 U-Pack | U-RH-1.5-140-30-2 373/1.5 60/140 | 90 N W-Pack W-4-140-80-1 ~995 / 4 60/140 | 80 N Filter failed initial FE with original gasket but passed FE after applying new gasket
W-Pack W-RH-1-140-90-1 |~249 /1 (Cl 60 /140 90 N ~ d aT diti intained during el d condition challenge.
[5] NSR&D Aged HEPA Filter Study Final Report, 16-REP-DE-EM-0002163-NSRD-FINAL Rev 1. Institute W-Pack W-RH-4-140-90-1 ~9/95(/ 4ean) 60 ; 140 90 N W-Pack W-4-140-80-2 995/4 60/ 140 80 N e Rae:;gjzecci?lotvl?cg :)Vraesvzgi gielalljr;’;ame vring elerted condon eheenee
for Clean Energy Technology. 2017 W-Pack W-RH-4-140-90-2 ~995 / 4 60 / 140 90 v: W-Pack W-4-140-80-2B ~995/4 60/ 140 80 N fFailed initial FE, therefore reassigned as Autopsy filters
[6] Effects of Aging on Nuclear Grade HEPA Media and Filters Summary Report, 21-REP-DOE-AGING- W-Pack W-RH-4-140-90-3 ~995 / 4 60 / 140 90 N W-Pack W-4-140-50-1 :995 /4 60 /140 S0 N irr?_llsi(i\:in;:il”:rbm passed final FE
FINAL, Rev 0. Institute for Clean Energy Technology. 2021 W-Pack W-4-140-90-2 995/4 60/140 20 N

**Testing of EPRI filters occurred in 2016 and all other aged filter testing occurred between 2017 and 2018
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