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ABSTRACT

The U. S. Envronmentd Praection Agencys (EPA) Office of Resardh and Development hascreaed
the Ewvironmental Techndogy Verificaion (ETV) Program to faciitate the deployment of promising
envronmentd techndogies. Under this program third-party perfamance tesing of environmentd
techrology is condicted by indepencent Verification Organizations Their goal is to dojectively and
systermaticdly evaluae techndogy performance uder drict EPA quality assirance giidelines The
EPAs Air Polution Prevenion and @ntrol Divison ha sekeced Sothen Reseach Institute & the
independent Verification Organization to opeate the Geenhwoise Ga Technology Verification Certer
(the Centr). With full patticipation o techrology providersand sess, he Cenér dewelopsteding plans
and couds field ard laboratay teds. The &gt results undego analgis andpee review, andarethen
distributed D indugry, regulatory agencies, endas, and dher intereded goups.

The Center has ompletedthe verification teging of the Enissiors Packing techndogy. This techndogy

is dferedby France @mpressor Produwcts, andis desgned toreduce methare leaks from conmpressor od

packng when a comressor is in astandbyand pessuiized sate. Paformance teting was cariedout at a
conpressorstaton operatedby ANR Pipelne Gmpany of Detroit, Michigan. The test was carried out on

two se@rae engnes,ead with two conpresso units. The EnissonsPackng was irstalled an a $snge

Test Rodof the two engnes (Ehgnes 5@ and502). The remaining rod on each engine cortained
stand@rd packng, seving as a ©ntrol Rod aginst which Emssons Packig performance could be
conpared. The Control Rod packng was otfitted wth new seak d the sane ime the Enissins

Packng wasingtalled, facilitating a nore direct conmparisan of the Teg and ntrol Rods. The exaludion

focused on two shutdown procedues tha represent the most common approachs to conpressor

shutdwn: remeain pressuized during idle; and deressuized (blow down) before idle. The goals of the

ted were to: verify initial gas saings for primary baselihe condtions, and aécument initial costs and
ingtallation requirerents.

This docunent reports the reallts of the Phae | test wheth congsted d short-term performance
evaluatonand deumentaion o initial costs. The Phas | test wa exeuted béween July 16 anduly 30,
1999. The following performance esuts wee verified:

e The Emissiors Paclkng did not redice @mpresso rod packing leaks during standbyidle mode.The
awerage differene (both engneg beweenthe Contol Rod andTed Rod was-0.29 + 0.55 sdm
natual gas. For Engine 501 the Ted Rod enitted nore gas ttan theCortrol Rod (0.54+ 0.47 scfm
natual gas). For Engne 32, nosignificant increasein emssons(-0.04+ 0.55 £fm) was déected.

e Of the 14 samlescdlected ower a7-day test peiod, the enission differences beween theControl
Rod andthe Test Rodwere obsrved to range béween -1.35and +0.55 sém. Ten measuements
showed aloss in gas saings, andfour sanplesshowed agassavngs. It is bdievedthat theg savngs
are die 1o the diferences inrod naterial, not the inprovementscaused bythe EmissionsPacking (the
Test Rod was @ramic coatad while the Gontrol Rod was aloy sted).

e The Emissiors Pacing usessping-loaded pessue dates alongwith conventiond sealing rings, to
provide static sealing capablity during idle periods. To make room for the® piessue dates, a ®a
had toberenmoved fromthe Tes Rod, which is nd the ase vith conwveniond packing. To determine
if the msdng seal alters the enisson seding peformance of the owral packing system
measurerants were cdlectal onthe Ted and ntrol Rods while the engnes vere unrning. Based
on 14 sarplescdlected d the dodhouse ents, the Enmissons Rickng was found o slightly increase
rod packing leaks by -0.05+ 0.38 £fm (Contol Rad emssians ninus Test Rodenissions ranged
from -0.59 to +0.2 sdm).
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While the engineswere pressutized, fugitive leaks atthe blowdown valve were measued to be 008

scfm No leals wee found from the pessurerelief valve andother miscdlaneas equipment (e.g,

vaves and ittings). The awrage unt valve leakrate (conmbinedfor both conpresses) was 12.14
scfm

For a lasdine opeating senaio identified with a conpres®r thd normally remeins pressirized
duringidle peiriods the ne gas saings for bath ted engnes were determinedto be-18,224+ 29987
scf matural gas. This is based m the conpres®r opaating schedile encanteredat the test ste (ide
periodsequa 908 hours or B percent of the total available opewting time).

For a lasdine opeating senaio identified wth a conpres®r tha nomally blows down to
atnmospherc presure, the né gas saings for bah tes engnes were determined to be 651,261 +
47,775 sf naturd gas. The gassaungs acheved hae ae dtributable to the change in operaing
pradice .e, eliminaton of blowdown wlume and uiit valve leals), nd the Enissions Rickng.

Installaion of the Enissons Packing was conpleted in27 laba hous (pe rod), which is the sam
anmount of tme requred to ingtal conweniond packing. On a perod bass, the cajpal cost for the
Emissions Peking was $3,42@L2. The cog for the @nwveniond packing is abou $3,500.00,which
is the sme as fo the Emissiors Packing. Consequetly, no inaementd cod increagswere obsaved
with the Emissons Ricking.


http:$3,426.42
http:$3,500.00
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1.0 INTRODUCTION

1.1 BACKGROUND

The U.S. Envronmentd Praection Agencys Office d Resarch andDevelopment (EPA-ORD)
has creged a pogam to fadlitate the depoyment of inrovative techndogies through
performance verification and inbrmation disemnaton. The goal of the Environmental
Techndogy Verificaion (ETV) program is to further emvronmentd protection by sulstantially
acceeratingtheaceptnceand e d improved and rore cast-effective tedinologies. The ETV
progam is funded by the ngressin respnse to the béief that thee are many viable
emvronmentd techndogies which are not being used beatse d the lack of credble third-party
performance esting. With performance daa developed underthis program technobgy buyers,
financiers, and pernitters in the Unted Sates and droad will be beter equpped tomake
informed decsions regarding emvironmentaltechndogy acquisiions.

The Greenhoug Gas (GHG) Technology Verification Cener (the Center) is one of 12
independent verification entties ograing underthe ETV pogam The Gente is managed by
EPA’'s patner verificaion organization, Southen Regach Institute (SRI), and condcs
verifi cdion testing of promising GHG mitigation amd nonitoring tednologes. This Center’s
verification proces corsists of developing verificaion protocds, condeting field tess,
colleding andinterpreting field andother data, andrepating findings. Peformance evaluaions
areconduded acording to exerndly reviewed Verificaion Test Ransandesablished potocds
for quality asurance.

The Center is guided byvolunteer groups of Stakehdders. TheseStakehoHders offer advice on
techrology areasandspedfi c technologies nost appopriate for tesing, help dissenmate resduts,
and eview test dars and erification reports. The Center’s Exeautive Stalehddergroup corsists
of naional and in¢rnational expetts in the arasof climate science, andenvironnmentd padlicy,
techrology, and reglation. It al® includes indsty trade organizations, envronnmental
techrology finance groups, various governmental organizations, andther interesedgroups. The
Executve Stalehdde Group hdps identify and skect technology areas fo verificaion. For
exanple, tre ol and gas indistry was oneof the first areas recommended bythe Exeutive
Staleholder Group & having a need fa high qualty peformance \erification.

To pursue \erification testing in the dl and gus hdugries, the Cener edaldished anOil and Ga
Industry Staleholde Groy. The goup conssts d representaives from the poduction,
trarsmission, and staage setors. It also ncludes techndogy vendors, techology senice
providers, envronnmental regulatory groups, andothe government and non-government
organizations. This goup hasvoiced suppd for the Ceners misgon, ideriified a need for
independert third-party verification, pioritized sgdfic tecmologes for teging, and idatified
broady accepabe werificaion drateges. They dso indicaed tha techndogies tha redwce
methaneleaks from conmpresso rod packngs are d greatinterest to the techndogy purchasrs.In
the retura gas indisty, intestate gas ppdine ordors u® large casfired engnes toprovide
the mecharmca erergy neededd drive pigeline gascompresses. IntheU.S,, fugtive naural gas
leaks from theseconypressos represat a ngjor saurce of methane emissons, and aloss of
econonic andnaura resouces.
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To pursue verification testing on conpresso rod paking techndogies the Center dacedformal
announenents h the Commerce Busies Daily and indudry trade jounds to invite vendars of
commercial products to paricipate inindeperdert testing. Frarce Conpres®r Produds (paen
conmpany. Coltec Industies, Inc.) responed, conmitting to participate in a medium-term
indeenden verification of their newrod packng techndogy. The techrology is referred to as
the Enissions Rcking, and & desgned b reduce nethane leals from conpressor rodpacking
during peiods whenthe conpressao is in a $andby and pessuized state.

Perfamancetesing of the Emissons Ricking was caried aut a aconpresso sation opaated by
ANR Pipeine mpany (ANR) of Detroit, Michigan. The verificaion test was originally
planred to be execuded in two phases where: Phasel verified $ot-term gas saings and
docunented ingallation costs and Phae |l addressg longerterm techrical and eononic
performance. This repat preserts the resits of the Phag | test,which occured betveenJunel6
andJuly 30, 1999.

Details on Phae |and | verificaion test desgn, measurerant test procedues and Quality
AssurancdQudity Contrd (QA/QC) praceduescanbe foundin the report: Teding and Qality
Assurare Han for the France Compressor Roduwcts Enissions Pading (SRI 1999). t canbe
downloaagd from the Ceter's Web site at www.sri-rtp.com| The Test Plan descibes the
ratonde for the exmrimental cesign, theteging and ingrument cdibration procedues planed
for use, ad sdfic QA/QC goalsand pocadures. The plan wasreviewed andrevised basd on
comments fromFran@ Compresso Praduds, ANR Pipdine, sdected members of theOil and
Gas hdustry Staleholder Group, and the EPA Quéty Assuraace Team The plan meetsthe
requrementsof the Gante's Quality Management Plan (QMP), ard corforms with EPA's quality
standrd for emvironnmental esting (ANSI/ASQC E-4 1994). h same casesdevations from the
Test Han were requred. Thesedevations, andthe altemative piocedues sdected for use, ae
discwssa inthis repat.

This section alsoprovidesa desription of the Enissons Rcking tecmology and tle goals d the
verifi cdion tests. Sedion 2 present a lackground dscusion of methane emissonsfrom natual
gas conmpressos anddegriptions of the teg Ste, andthe measurerant system enployed at the
ted dte. Sedion 3 peens Phae Itestreallts, and Setion 4 asesses the quality of the dita.

1.2 THE EMISSIONS PACKING TECHNOLOGY

One of the larged saurces of fugitive ndural gas ensdons from conpressor opratbns is the
leakage assoiated with opegting and idleemode compressorrod paking. During standby
condtions, raturad gas leks into the amospherefrom the packg cae and otler conpressor
emssion ®urces. Basedon an EPAGRI study reciprocating compressos in the gas
trarsmission sector were opeating 45 percentof thetime in 192 (Hummel etal. 1999. If rod
leaks duing standbyopesgtionsare reducal or eliminated, dgnifi cart gassavngs and enssiors
redudionscould beredized. France ®@mpresso Emissions Rcking is intendedto provide this
benett.

In general, ompresso packng provides a sed aroundthe rod shdt, keepng high pressue gas
contaned in the conpres®r fromleaking outinto the atmosphee. A typicd conpressor packng
caseis shown in Figure 1-1 (see dcaion No. 3). It conssts of one a more sedng rings
contaned within a @setha serves seeral funcions. Thes functions include: lulricaton,
venting, purgng, cooing, tenperaure andpressue nmeasuement, leakage measurerent, rod
postion ddedion, and seding for gardby mode operatins (GRI 1997). In conwentionad


http://www.sri-rtp.com/
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packng, the sealing rings areconfiguredin seriesto sucassvely redrict the low of gas irto the
distane piece betweenthe compresso andthe angine. The saling rings ae teld in sepaate
groowes or “cys” within the mcking caseand ae free b move lateraly alongwith the rod, and
freeto “float” within the grooves. The distance piece,shown beween loations3 and4 in Figure
1-1, typically vents ral packing leaks totheatnmosphere

Figure 1-1. Schematic of a Gas Canpressor Engine and Rod Packing

Engine

Compressa \
\

(|

DistancePiece

1 Compressor Valves and Unloaders
2 Piston & Rider Rings

3 Packing Rings & Case

4 Oil Wiper Rings & Cases

A conwentional packng casetypically contans seen tonine cyps. Each cip howses oe a more
sealrings, which restrict the flow of naural gasto amosphereor out into the distance piee.
Each ing seds aguinstthe pistan rod andalso agping the face of the packng cup. The first cup
is occupdedby the brealer ring (see Figure 1-2) whosedesignedfundion is to redue thepresure
on thepackng rings by provding an oifice restiction to flow. A secondfuncion d the brealer
ring is to regulate the reverse flow of gasfrom the mcking caseinto the cylinde. This reverse
flow occurs as the pistan bedns the intake stroke, andthe presue is rapidly reduced in the
cylinder.



Figure 1-2. France EmissionsPacking - Ring Detall

PRESSURE—

Cup #1 Breaker Ring

Conventional

Cups #2-6
~UPSEED Ring Sets

Radial
cut

Compression
Springs (typ.)

Convent ional
Ring Set

Cups 2 brouch 6 ae accupied by conwentioral threefing packng sets vhich consst of a “radial
cut” ring, a “tangent cu” ring, and a‘backup” ring (see Figure 12). Duringthe disharge stroke,
while the conpresso is operding, pressireis exated oneach rng. This forces the ring tomate
acpinstead other, andredice kalage lateraly alongthe rod. During this time, the tangent cut
ring condgricts aginstthe rod redudng leakage pastthe rod sufface. During the intake stroke,
presure is rapidly redued n the cyinder and @sflows from around thesealing rings back
toward the cylinder. During thiscycle, the mgs are fleeto move backandforth within the cups
(depending on howmuch differentid pressue is experienced between thedischarge ard intake
strokes and thenovement of the rod). The final cuphouses avent control ring which can beused
to trarspot the leakng gas for subgquen use o dischage into the dstane piece. A more
detdl eddesaiption of rod packing is given in GRI's repat docunenting exiging conmpressr rod
packng techrology and enssiors (GR11997).
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Figure 1-3. France Emissions Racking

Front or =
Pressue _,'.--J '!
End

Emissions Racking
0 -‘ @
& i/
,\\ :
T ,'W

Lubrication
Connection

A\

Packing

155-0643-02001-225 GASKET
584-0037-03702-110 HEX NUT
152-3716-12140-110 TIE ROD
157-0400-09029-112 NECK FLANGE

!
2
2
1
! 177-0400-07312- 112 VENT PLATE
1
|
3
|
1
1

191-0400-07341-112 T-CUP
174-0400-07304-112 PLAIN PLATE
184-0400-07330-112 PLAIN CUP

186-0400-07330-112 LUBE CuP
184-0400-07329-112 PLAIN CUP
185-0400-07318-112 GASKET CUP

¥ | QTY |FCP PART NUMBER DESCRIPTION

During idle peaiodsthe wit remains piessuized, andpresure equalizesaround the ring and they
can floa within the cups. While they arefloating, the pessue lreaker rings and ther rings
downstreamof the paking are no designedto fop cps kalage. As aresut, rod packing leaks
coninue wten te rod notion hasstopped. The leakage encourered duringidle pefodsis due to
thelossof lubricaton al which normelly fillstheleak pahs, changs inthe shapeof the ringas it
cools andchangesin rod dignment aghetenperaure danges(GRI 1997).

Frane Compresso Prodicts (Farce) offers the Emissions Pa&king systemto redue lealage
during idle peiods The Emssons Rckng systemis shownin Fgure 13. The Emssons
Packng appeas idertical to a conveniond rod packing, with the excegion that the fnd two
cupsin a conweniond packing are eplacedwith a snge Fane “T-cup”. The Farce “T-Cup”,
whichis shown asitem6 in Figure 13, conains two spiingloaded presue dates n addition to
the $x seding rings orignally contaned inthe conventional packing. The spring-loadedpressire
plate ard the remaining three caventiond rings inthe “T-cup” are intended to provide a pogtive
and cominuoussed during idle peliods. The pessue phte is a two-pieceradial cut ring with
seeral conpresson spiings equdy spaedarownd the fing tha exert a force pardlel to the rod.
While the mmpresso is in an idle, pressuized stae, the spmgloadedpressue plate exerts a
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forcein the diredion o the conertional rings (seethe dredion d the arowsin Figure 12). As
a reslit of this action, theadacent sals expelierce aforce similar to that encourtered diuring the
discharge sroke while the conpresso is opeating, causing the ings to nate togethe and
constict thetangent cu ring againg the rad.

To allow roomfor the addtion of the presureplates, the Frame Packng cortains ore lessring
setthanconweniond packing. Frane did nd expect this modificaion to influence ruming or
idle emissians; however, boh o these factars were quantified in the werificationteg.

1.3 VERIFICATI ON GOALS

Normal conpressorshudown and gandby procedues vary from staton to dation. Sone
operdors depressuize ard blow down dl presure from a conpressorbeore siandby Others
depressuize the conmpressor to a lower, but devated, prasure, while gill others maintain full
presure during standby Adding the Enissons Packng to aconpresso may resut in varying
levels o nd gas swvings and erission redudions dependng on the shuitdown procedue used.
Evaluaton d the EnissionsPacking focusel on twoshudown proceduies tharepresert the most
conmon approachsto conpressor shutdown: remain presutized duiing idle; and apressuize
(blow down) beforeidle. Shudown nodes ee dscussal in Section 2.1.

The Phag | and | verification goals andparaneters assod¢ated with the two conpressor
shutdwn sceainosare oulinedbelow.

Phase | Evaluation:
Verify initial gas swvings for pimary basdéine cortitions
Docurrent indallation ard shaledownregurements
Document captal and installation cods

Phase I Evaluation:
Document annudized gas saings for primary baselhe canditions
Verify annualmethane erisson rediction
Calcdate amd docunent Enissons Ricking payback perial

Phase Igoals were achieved throuch ob®rvation, cdledion, and ankyses of dired gas
measurerants, andthe use & dte logs and endorsupplied cod and opegtional data. The
evaluaton was conpleted after abou a 4week period. Initial gassavngs werebasel onthree
setsof manual emission measurerants condated at roughly equa intervals (begnning, middle,
andendof theted period). The nunber and duation of shutdowns wee ddermined fom site
recads povidedby ANR Pipelne Conpanyfor the tesing period, andfor prior years. Measured
emission rates, site operaiond daa, estimated @s swvings, and istallation requirements ae
docunented ad erified inthis repat.

A primary goal of the Phae | evaluationis to ddermine the Emissiors Packng paybackpetiod.
As a pacical matter, the Cater canna conduct testing for the nunber of years that would be
requred to deermine payack from dired measuements. Thus seweral Phasell goals will be
acconplished through a conmbinaton of mediumterm measurerants (®verd months)and d#éa
extrapdation techniques.A Phae Il report s plannedfor releasein 2000.

1-6
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2.0 TECHNICAL BACK GROUND AND VERI FICATI ON APPROACH

2.1 METHANE EMISSIONS FROM NATURAL G AS COMPRESSORS

Fugitive natiral gas enssonsfrom conpresso satons aaourt for a significantloss in revenue
for gas ompanies ad increase a @mpany s unacconted for gaslosse. These enssiors also
contibute to the release ¢ methane,a pdert greenhaise @s,into the amosphere. Prior EPA
and Gas Reseach Institute studies edimated tha reciprocaing conpresseos emitted
approxmately 21 pecent ofthe total gas enssons (314billion cukic feet) from the ratural gas
indudry in 1992(Harrison & &. 1996.

Methane enissiors from conpressorsare liberated from a variety of different sources. Thes
sour@sincludeleaks fromtherod paking, unit valves,the blowdown valve, thepresure relief
vave, and miscelaneous valves, fittings, and ohe devces. Enissons from blowdown
operdions are also s$gnificart. One souce d fugitive ndural gas emissiors is the leakage
assotated with conpresso rod packing. Most leaks occu from operding conpressaos, kit
emssionsalso ocur when sone conpresses are plaed irto a stardby or idle mode while
remeining pressuized.

Accordng to anongoing multiy ear conpressor station fugitive emssonsstudy conduted bythe
Pipdine Resarch Committee, very little difference ves obsened between the overdl averag

vaue of running rod mcking emissionsand pressutized, but idle, rod enssiors. The oweral

averag leakrate was appoximately 1.9 dm per rod GRI 1997). The gudy al® corcludedtha

very large differenes & a sinde site an be en@unered andindividud measurerents can be
highly variable within a snge year,patticulaly anong theidle pressutized conpressors. These
resudts ae baed o daa wlleded from 9 conpresso sttions, cantaning 56 reciprocatng

conpressos andreadings taken at365individual rod pakings.

Fugtive enissions from standbyor idle-mode compressos are dfected by the conpresso
shutcbwn mode which waries from stdion to saton. In general, thefollowing procalures are
used:

e Maintain full operaing pressire whenidle (either with or without the uwnit
isdation valves gen),

e Depresuiize and bhow down all pressire whenidle (except asmall resdud
presure to prevert air in-lealage) and ent the s, é@her partialy or
conpletdy, to the amosphere,

e Depresuiizeto a lower presure, venting the gs déther to the amosphee or
to the gation fuel system, or

e A combination ofthese pocedues.

Basedon an EPAGRI study(Harison & d. 199§, the frsttwo operaing procelures represei
the most common approacheto conpres®r shutdown. The sty esimated that abou 57
perentof idle transnisson conpresses ae nmeintained a operding pressires and38 percent are
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blown downto the dmosphee. A smaller pecentage (lessthan5 pecert) is blown down to a
lower pressue,in some cass venting to the dation’s fuel system

2.2 DESCRIPTION OF THE TEST SITE AND EMISSIONS PACKING
INSTALLATI ON

Reciprocding conpressos are te type nost commonly used vithin the gas trarsmission
indugry, andarea primary sour® of conpresse-relaied enissons. Thus, theEmissons Packng
verificdion was ©nduded a a trarsmssionstaton thatuses reciprocaing conpressos. ANR
Pipdine GCompany expresed ntered in hosting the \erification, and adgsted the Center in
identifying a repesenttive conpresso gation within ther pipdine sytem ANR reviewed its
operaions anddertified fadlitieswhere: Emissians Packing wasnotcurertly used at leas one
conpressoropeaatesin ashudown node seerd timesayear;and sie operdors coud cooperae
in suppott of the sheot- and longterm evaluatiors.

The ndura gas trarsmission engneconpresor sekded to host the Emissons Packng
evaluaton qoerates $x Cooper-Besserar engnes(8 cylinde, 200 hp),ead equpped with two
redprocating conpresseos qoerating in series (4,2% cubic inch diglacenent, 4-inch rods). The
low-speedengnesat the site ae typicd of many used in tlk indudry, but may not be typicd of
newer, high-speed enmesin use. The rods and packg caes hawe the same basicdesgn and
fundtion asmost reéprocaing conpres®srs curertly usal and planed for use in the futein the
trarsmission sector. Therod packng is essatially a dryseal system, usingonly a fewounces of
lubricant per day. Wetseals, which usehigh-pressurepil to form a barrer against escging gas,
hawe traditionally been emloyed. Accading to the ndural gas S AR partners, dry seal sgtens
hawe receantly comre into favor beauseof lower power requirements, improved conpressor and
pipdine opeating efficiency and @rformance, @mhaned conpressor reiabiity, and educed
maintenane. The STAR industry parners report that abou 50 percert of new sal regacnments
consét of dry sealsystens.

Two engines,designated 501 and502, wee slecedto verify the @rformance d the Emssians
Packng system(see Figre 2-1 for a smplified floor plan). Thesetwo engnes ae the same age
andhawe similar operating hours,which is ANR’s namal opegting pradice. Actud operding
hourson e&h engne are logged continwudy. Eachengne cortains twoconpressor rods,and
nine cupsarecortainedin each packing case. The Enissions Rckng was insalled ona snge
rod on eachengne byrenoving the final threeseding cups andedacing themwith Frarce “T-
cups”. All the siandad packing was aso eplaced This rod is referred to asthe TestRod, andit
contans oneless ring setthan the original packing becaus of the addtion of the pressire plates.
Frane did not expest this modificaion toinfluencerunring or idle enissions bu measurerants
were nade to \erify this daim.

The remaining rod oneach agine ontained gandrd packng, and srved & a Gntrol Rod
against which Emisdons Pacing peformance was conpared. The Control Rod pacling was
outfitted with new seak & the sane ime the Emissiors Packing was ingtalled, alowing a more
direct conparison beweenthe Test and Wntol Rads. All rodsaremade of dloy sied, with the
excefpion ofthe Test Rod on EBgine 502. The nateria onthis rod is ceramic-coated teel, which
has ben u®d 4 this site to reduce dl usag intheseds.
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Figure 2-1. Simplified Floor Plan of the Test Site

Control Rodwith Test Rod vith
Conventional Packing  Emissions Packing

Control Rodwith Test Rod wvith
Conventional Packing  Emissions Packing

2.3 VERIFCATI ON APPROACH

231 Establishing Baseline Conditions

Accordng to Fane, the Bmissiors Racking can prowde static sealing during idle periods,
providedthe conpresso remains pessuized. Of couse the gas saings achieved dependon the
emission haraderistics d the conpressors packng, both bdore and afer ingallation of the
Fran@ Emissiors Packng. Gassaungs al® depend on theshudown procedures used, and the
nunber and duration of shutdowns exyetlierced. For exanple, a sation that curenly leaves
conpressos pressirized duing shutlown will achieve netsavngs from the deadea® in rod
packng leaks during idle. Alternaively, if a gation curently blows down conpresseos before
shutdwn, instdling the Emissiors Packng would be asodated wth a clange in operaing
pradiceto a pessutized shudown condtion. A likely scanaiio for sucha change would ke that
the station wishesto deiminate blowdown enissons,andenploys a stéic saaling systemat the
same time to reluceor diminate ay newemissiors from the newly pressuized rodpackngs. In
this case, @s svings occurby eliminating blowdown emssiors ard unit valve leaks. However,
there is a mtential for increaes in emissins from componentsnow expoed to high pressire
duringshudown.
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For the two most cmmmonly usedconpresso shudown scemrios deseibed in Sedion 2.1, Tabé
2-1 showsthe Elationshp between conpressor shutlown pocedires andemissions Snceuse @
the Enissions Rcking systemis assoiated with a pessirized conpressor standby opesgtion, the
tade indicaies low conpresso emissons may chang from the emissons tha occured during
the origina stardby mode. Using this talde & a giide, a \erificaion plan was deweloped to
chaackerlize al the emsgons changs tha may occur wth the installation of the Emissons
Paclkng and thepossible alopion of adifferent shutdown pracedue.

The evaludion of the Emissiors Packng pefformance at AR Pipeline G@mpany focused orthe
two shudown scerarios thatcdlecively representpractices enployed byabout 95 prcert of the
trarsmission conmpres®rs(Shires and Hrrison 199§. Casel regesents conpressorsthat renain
presuiized whenidle, andCase2 represerts mmpressos tat conpletely depessirize and bow
down all gas. The hog site was aked to follow thesepreactices duing testing, afthoud their
normel practice isto maintain idle presuresof abait 120 psg andrecower al blowdown gasinto
the engine fuel system The following disausgon highlights the verification issues br ead case
and odlinesmeasurerents and dda colledion activitiesimplemented inthe \erificaionteg.

2311 Casel

Case 1l represats a conpressor tha nomally maintains ful opeating pressue duing idle
periods. For this cese,achang in emissonswas articipated to occu only at the rodpacking due
to the datic seding acion of the BEmissions Racking. To quanify this potential chang in rod
packng leaks, dred methare enission rate measuenments were cnduded on the distanc piece
or doghousevent pipesassaiated with the Gontrol Rods and Test Rods for each d the two
engnes. Bcaug the urt pressue is essetially unchangd duing both opeating and ide
periods,leakrates fromall other conponens (pressue rlief valve, blowdown alve, urit valves,
and nmscelaneous flanges, \aves, ad fittings) can @ asunmed to remain condant after
ingtallation of the EmissionsPackng. The idlemode enssions fom the two Catrol Rads ae
conpared toidle-mode enssionsfrom thetwo Test Rods. The differerce béween these tvo
values a@e cetermined, anl usel to quartify the satic seding abiities d the Emssiors Pa&king.

For Case 1, the savings consst sdely of the gas pevened from leakng from the rod paking
duringidle petiods This is the dfferencebetweenthe kakrate without the Emissons Packing
(measuredor the Control Rod9 andtheleak rate wth the Emssiors Packng (measued for the
Test Rod). Equdion 1 dates tow gas saings will be @ cuated.

G1=[Qu —Qs]*t (Ean. 9
where,
G1 = awrage @as saings for the Phae ltest griod (Casel), s
Qu = awrag uncontried leak rate duingidle (Cortrol Rod) sdm

Qs = awerage corrolledleakrae duringidle (Test Rod), scfm
t =total shutdown oridle time durihg Phase,Iminutes

24
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Table 2-1. Common Shutdown Sanarios ard Emissions

Matrix of Shutdown Procedure Changes

Procedure or emission

CASE 1 CASE 2
source
Curren shutdown Pressirized shitdown with | Blowdown/1®% vent to
procedure unit valvesopen o dosed® | atnosphere
Procedire with Emissiors n/c Pressirized shitdown

Paclkng
Matrix of Possible Emissions Change Dueto Shutdown Procedue Changes or
Installation o the EmissionsPacking

Rod sebs Decraase Little or o increase
Blow-down wolume n/c’ Decrease

Unit valve sat (via ope n/c Decraase
blow-down line)

Blow-down \alve n/c Increase
Pressirerdief valve n/c Increase

Misc. valves, fttings, n/c Increase

flanges, sénsetc.

2 Mog stes leave the unit valves closed for safety reasons(i.e., stes may not want problems in theshutdown
engineto dfect theintegrity of the entire staion).

® nc - nochangekffecively no charge

Shaded area repeseits measued parameters.

2.3.1.2 Case?2

Case Zrepresants a compressor tha narmally blows down from operaing pressue to a minimum
presute during idle periods. At swch imes thepressue onconmpresso conrponens is reduced b
nearatnmospheic pressue. Consequently, leals from rod packng, pressue rdief valves, ard
blowdown valvesceasego exist. However, leaks fromthe wit valves, vhich are dosed b isolate
the mmpressorfrom the pipeline, areliberated into the atnosphee. This gasleaks patthe unt
valves, intothe conpresso system and outinto the amosphere ia the openblowdown valve.
Figure 22 illustrates a sinplified dagam of these ensson souces. Becaise ernssiors
assotated with leaking unit valves @n be submrtial, measurerants were madeto quarify thes
emssionsafter blowdown was ompleted. When the Emissions Packing is installed, anda
presutized shudown diminatesthe unit valve leaks, ths gas epresens a sawng as®ciated with
the wse d the Emissiors Packig. In addiion, the conpressé gascorntained in thecompresso
and Ines is lost during the Bowdown. This gas nust dsobe cansidered & a swvings assoiated
with the Emssons Rickng, and was cdculated b&ed o known volumes of compresso
conponents ad the measurd opeating pressue. All of the® enission svings are ddedto the
saungs detemined fa the 1od paking as desribedabow, resutting in atotal gas saings value
for the Bmissons Rackng.
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Figure 2-2 Compressa/Engine Configuration and Emissions Saurces

Blowdown Valve and Vent
Compresso

Doghouse \ \
—A—_

Pressure Rlief Valve
and Vent

Unit Isolation
Valves

IC Engine

Main Staion Suctian
Line(inlet)

Main Staion Discharge
& Line (outlet)

In contras, emssions @n increag from seeral componentswhich are nowexpced tohigh
presure. Ultimatdy, the® leaks decease the nd gas saungs assodated with the Emissiors
Packng. To verify this, methare enission rate measwenments were @nduded (dwing
presuiized idle mode) onall componerts rewly expose to elevated pessuesas areallt of the
presuiized shudown. Theseconpounds mcludethe pessurerelief valve, the blowdownvalve,
and \arious flanges, connetars, and \alves. Emissonsfrom these deices ae subticted from
thetotal saungs aboe, to yeld the ret savngs assaiated with the Emissions Paking.

It is assured thd, following instdlation of the Enissons Rckng and dter a pressuized
shutdwn is adoged, the unit valve wouldbe pgacd n a dosed paition duing shutdown this
was the hod site's procedue). Compresso pressuies were monitored duing shudown to
detemine if the pessue slowly droppel dueto this cosal valve, orif leaks from the closeal
valve were suficientto maintain full compresse pressue.

For Case 2, cps saings consist of the dowdown volume (timesthe number of idle periods) and
the unit valve leak rate (times the dration of idle period9. In addiion, there are @s le&kages
from the Bowdown valve, pessue relief valves, ad miscelaneous conponents. Additionaly,
any gasthat escpespag the Emissions Packing is lost (becau® the baelne for this cag is a
blowndown compresso, rod packng leakage would be 2ro). For Ca® 2, the gassaungs for
eachidle peiod were cdculatedas bllows.
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G2=BDV + Qu *t - [Qprv + Qbdv + Qmisc + Qs] *t (Ean 2)
where,

G2 = @s saings for eat idle peliod (Case2), <f

BDV = bowdown wlume times tte nunber of bowdowrs duting thePhasg | period, scf
Qu = unit valve leakrate, sém

t = idle time over the Phse Itestpeiod, minutes

Qun = pressterelief valve leak rate,sdm

Qbay = blowdown alve leakrate, sdm

Qmisc = aggeate leakrate far miscdlaneas conponens, £fm

Qs = testrodleakrate, sdm

2.3.1.3 Impact on Naomal Running Emissions

With the Emissions Paking techndogy, seeral sardad sealing rings ae replaced vith special

Fran@ rings and pessure plates. With this change, there is a poenial to aker the emssion
seaing peformance d the owrall packng system(i.e., cawse a increaseor decrea® in packng
emissionsconparedto the sandrd packng). To addressthis, measuements were corduded on
the teg andcortrol rods,with the conpressos in a normel opeating date. It is assuned tha,
after ingtallation d the Bmissiors Packing, the urit valve podtion (i.e., dosed or oper) would
remein the sane as lefore the Enissons Ricking was irstdled. Any implied runring emnission
changes vere integatedinto the assessnent of ret gas swvings forthe Enissiors Packng system

For exanple, if it was dtermined that the Emissiors Packng cawsedany increa® in ernissiors
during namal conpresso opeation (seelater discusson a running enissions) these enssiors
were sibtraded from the gassaungs. The fllowing equdion states howthe total gas savungs
will be @lculated for eah @se. The todl gassavings, G1r and G2, for Cag 1 and Cag 2,
resgecively, are gven in Equdions & and3b.

Glr=G1 -Vpn (Egn. 3a

G21=G2 -Vn (Egn. 3B

Wher, Vq is anyincrea® in opeating emssians that ocairred ower the teg period die tothe
Emissions Peking. V, is thedifferernce in operaing enissions(i.e., nonidle perods) between
the Test and Cotrol Rods, times the omber of minutesthe conpressor opeited during the
Phase testpeiiod.

2.3.2 Emission Measurements and Calculations

The following disausgon piovides an oeniew of the measuements made, instruments used,
field proceduesfollowed, and key calcuations nade inthe Fhase | tests. For more ddail on
the® tics, the reacer ould corsult the Test Plan ttled Testing and Quality Assurarce Plan for
the France Compessor Rroduds EnissonsPackng (SRI11999). It canbe dowrloaded fromthe
Cente’s Website at jyww.sri-rtp.com|



http://www.sri-rtp.com/

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

To chaaderize the running emssions and Case 1/Case 2 enissions, manual emission
measurerants were cdlectal on the following soures. dodchouse ent, unt valve sat (via the
open blowdown ling), presure rdief vave vent, dowdown \alve \ent, and mscdlaneots
conponentge.g, fittings, comedions, \alve sens). Teds wee performed whenthe engne was
presulized andrunring, pressuized ard idle, and apressuized and idle. For the rod padkg
leaks, tess were paformed when the engne was pessulized andrunring, and pessirized and
idle. Measuenents of the leak rate for the blowdown valve, presure rlief valve, ad
miscelbneots oher conponentswere made when tre urit was pressuized and ide. The unit
valve leakrate measurerent was made with the wit blowndown ard the blowdown valve closed.

The measurerants made andopeating condtions underwhich testing was mrformed arelisted
below. One full day was regiiredto candud this stte of measuements on loth engnes.

e With bah urits shitt down and pessuiized: natural gasleakrates for the
presute rdief valve, dow down valve, miscelaneous @mponentsand rod
packng vents (4 rod and ontrol rod)

e With bah urits bbwn down:naural gasleakrates forthe unit valve and uni
vave stem

e With bah urts ruming: naturd gas lak rates br the dodnouse \ents (Test
Rod and Cotrol Rod)

Measired naural gas leak rates were conwered to methane leak rates usng natua gas
conpositiond measurerents (abaut 97 percert methang provided byANR Pipdine.

The station ageedto alimited nurmber ofschaluled shitdowrs for the pupose of conduding the

measurerantsde<ribedabowe. Results from the® testswere usel to chaaderize enisson rates

at the time of esting, andto dharactkrize enissions dfferences beaweenCasel and 2abowe. Net

gas saings were @lculated bagd onthe rumber andduration of idle periods encoutered at the
site for the ted period.

2.3.2.1 Rod Leak Rate Measurements

Emissionsfrom the mckng casevent and leakng rod seé&s are bdh vented ino the distane
piee ordoghouse dscibed in Sedion 1.2. Boh emissionsources ent gas that hasescaged the
seaing adion of the packing, and a&e included together when neasuing ermissions. After
emissionsare dischaged into the dodpous, they are \ented to the @mospherethrough the
dochouse ent. After saap sceening all doghoug seals and connetions and monitaring the
longterm conpositioral trends & the gas exing the dochouse,it was déermined thrat ro other
gas was eming the doghouse. The dodouse ent and al drain were the onlypatts by which
emissions esaped o the atmosphere. For the tst, the dofouseoail drain was sealed usng a
liquid trap (ball valves d¢osedduring teging), which forced all emissons toexit through the
dodhouse ent.

To measuwe thes enissions, aFlow Tube was used tomeasue vent gas velocity, and a
hydrocarlon aralyzer was uged to measure ent gas tota hydrocabon conentation (THC)
befae flow measuement stated. h the aiginal Test Phn, sengtive, lowpressue-drop
coninuows flow meterswereplannedfor use,but after their installation, it was determined that
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the pesure in the dodchouse ents wasso low tha reliade flow detction codd nat be
estdlishal. With this discovery, the dcision was nade b proceedwith tesing, andto use
sengtive manual nethods tocordud themeasurerents.

The Flow Tube consists of asensitive 1linch vane amnmometer nountedon the inside walls of a
polyvinyl chloride (PVC) tubetha measues 30 inches n lengh ard 1 inch in diameter. Jug
befae taking velocity readings, the hydrocabon caceriraton in the doghouse vent was
measuredisng a portabe hydrocarbon analyzer. The andyzer used ws a BacomTurner CG-
201, with a 44100 pecert total hydrocarban range, and arinstrument raedaccuacy of 2 pecert
(per manufacurer spedficatons) of the neaswed oncentraion. The CGI-201 measuresdl
primary hydrocarbm conpoundsfound in natural gas indudng methane, ¢hare, propare, and
butare.

Before each tip to the site for on-site neasuements, theFlow Tube vas laboratay-calibraed
usinga Natonal Institute d Standads and Technology (NIST) traceable Laminar How Element
and a wile ange of simulated naural gasflow rates(99 percent methane, @B to4 sdm). These
calibrations were usedto generate a calibraton curve which s@nnedthe range of flow rates
anicipaed for the sie. This cure was used toselect anaural gas flow rae basedon the
indicated \elocity from the fow tube. An exanple alibraton chart is shownin Figure 2-3.

Figure 2-3. Flow Tube Calibration at Low Flows (6/2/99)
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For exh dodnous vent, a ninimum of 10 sepeate cas \elocity readings were recoded with the
Flow Tube. The® neasurerants were mede dter the dodpous enissons were doseved to
stablize (15t0 20 minutes &er the vents wee qpenal). The gandrd deviaton o the dodouse
emissionsranged ketween 0.012 and0.0680sdm naturd gas. The standad devation ower 70
perent of the samples cdleded wa within the average saindad deviation of 0.0042 sdm. In
most cases,the 10 readngs showed stable emssons. More readngs were collected f the
standrd devation was geater than 5 @rcentof the average enissionrate d the enire dat sd.
Eachmeasurerant repreents a 16secondaverage value and, dter completion, dl values were
averaged to yeld anoveral average totl gasflow ratein feet per minute. Using this value, a
natual gas flow rate wes seededfrom the 1ow tube caibration cuve.

It should be ated that, after operning the dghouse ent for measuenent, dr typicdly erters and
mixes wth the retural gas laking from the od paking. The averag THC conent in thegas
flows nmeasued at the Gntrol Rod was 85percert, andat the Tes Rod was 91 percent (during
running and ide period9. Basd onthe Ceners expelierce wth chaaderizing docghouse ent
emissionsat severd conpressor fadlities, it is bdieved that the rod packing leakis the driving
force which resuts in cgases@pingthroudh the vents (i.e., oy one oulet sreamis presen for
the ¢as b exapeand o other gascan ater the dodnous). Assud, it is asuned tha the flow
rate measurediuting teding is represemative of the flow rate of pure retural gas. Also, given a
sufficient anount d time, the od leals would eventudly conpletely purge dl air from the
doghouse, Bowing direct measuement of pure naural gas wth the flow tube. As a practicd
matter, this coud na bedoneroutinely. This asunption was verified by monitoring conposition
on two \ents over ime (abod 1 haur), and \erifying tha the omposition evenually reached 92
to 94 prcentTHC.

2.3.2.2 Componert L eak Rate Measurements

Manud measuements were made forthe pressue relief valves, unit valves, blowdown valves,
and mscelaneousconponents The leak rates for the blowdown valve andpressurerelief valve
were measued with the urit shut down and pessirized. Measuemnments for miscdlaneaus
conponents wre dso nmade with the wit pressuized. Leak rates for the unt valves were
detemined wih the unt depessirized andhe \alve dosal.

The pressue relief valves \ent through a 6inch standpipe extending to theroof of theconpresso
building. Accessto the roof was limited, and pseda hazrd to the teing persmnd. Thus,a
hydrocarton aralyzer wasfirst usedto determine if leaks were presert. If hydrocarlons were
detected, the Flow Tube wago be wsedto quantify gas flowrates. With the exception o making
a dred comedion to the 6-inch standppe outlet, the sanpling and cabraton praedues
descibed in the previous fction apgy to ths emissionsouceas vell.

Flow measurerants were condicted at an «isting port, located immediately downgreamof the
unit valvesin the sudion line d eah conpressor. During conpressorshitdown, anyleaks from
the seats of the unit valves will ext through this opened pat. The leak rate for the unt valves
wasthe hiched flow measurd & the hos site. The leak rate was neasued usng thesame Flow
Tube appied to the rad pacling vents. The aremometer nounted vithin thetubehas the capeity
to measurdhe high flowstha occured(e.g, a maximum of 6,500 fpmor abait 20 cfmof naural
gas could b measurd). However, a dfferentcdibration chat from the ae presentd in Figure
2-3 was used to@ermine enission rates a the Hgher flows encourtered with unit valvesleals
(seeSedion 4 fa more information oncdibration).

2-10
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The leak rate for the dowdown valve was neasued & the flange locaedat the exi of the valve.
To make this measuwement, it was ne@sary to urbolt the flange, separate the two sidesby abou
1 inch,andtheninset adisk The dsk cortainedchanrels that allowed the leak to be captured
and drected into a small, sngtive lowflow-rate raameter Dwyer VB Seies, 0to 1000
mL/min, with a pblished acuracy and predsion +3 percert). The Flow Tube was originaly
planred for use onthe blowdown \alve enissons,but exly field resultsindicaed rdatively low
flow rates eisted at this locaion. The low-flow-rate roameter was sed lecawse of the poar
performance d the FlowTube d these lowflows.

The miscelaneouscomponentsat the test ste cansist of presure andtenperaure netering taps,
fittings tha conned the tapsto data transnitters, am valves usd to recover gas for the fuel
recowry system The hos gation normelly ventsto aspedally desgned qasrecovery system
during shudown, but performed the blowdown pocedue for this verification, dlowing an
assssent ofthe Gasel and @Gse Zhudown senaios desaibed abowe. Significart leaks were
not expeded at these locaions; howeer, dl conmponens wee sog saeaed and any leaks
idertified wee to be ganifiedusng the EPA potocol tert/bagmethod.

2.3.2.3 Natural Gas Composition Measurements

Natural gas @mpositiond aralysis for the testsite isperformed at anadacer conpres®r staton
operaed by ANR Pipeline Conmpany (about70 niles downdgream). At this ste ANR opeators
use a gs dromatograph (Daniel Model #2251 to deermine the @ncenration of methane
hydrocarlons, and nert gas spdes pesert in the pipeline gas. The gas chromatograph is
capale o measuimg 0 to 1® pecert methare, with a published acuracy and pecision of +0.02
perent of ful range. The ingrument is calibrated each month usng 97.0 percert cetified
methane.

The Center obtained cogdes of the fuel gas amlysesresuts and their cdibration recads which
correspand tothe Phae | measurerants. An averag nethane caceriration was cdculated for
thosedays when ampling was condcted. This value wasmultiplied by the naural gas savngs
measured foeachcaseto calculate the dandard cubic feet of methare saed.

2.3.2.4 Blowdown Volume Deter mination

The blowdown volume represerts gas catained in the test conpresso, engne, auxiiary piping,
and d componentdocated downsreamof theunit valves. Basd onrewrds obainad from ANR,
the total gas lume preentin this equiipmentis 176 cuft. ANR engnees deermined that at
600 pgg pressire, 7,900scf naturd gas ocuges this volume (comrected for the conpressibility
fador). Beaus it is na feasible todiredly measureghe bbwdown volume, 7,900scf was used
to represen the total gastha would berelea®d nto theatmosphee each tine the test compresso
was depessuiized from 600 to O gig.

2.3.3 Site Operational Data

The numberandduration of shudownfidle periods nust ke specifiedto cdculate the gas svings
that ocaurred duing the 4weekPhase kvaluaton. Site recods, provided by ANR pipdine,were
usedto ddermine thenunber and dration of shudownsfor the Phas | period. The ANR
recads idertify daly conpressoropeaating hous andthe tota hous the @mpresso was
availabe (i.e., <hedued shudown for maintenarce isnat included in theavailable hourvalues.
Subtacion of thetotal available hous fromthe ptal operating hours yeldsthe number of tours
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each mit was onidle. Becawsethe nunberand duration of shutdowns were manipulated by the
Center to ensuie colledion d the neesary measurerents, thos shutdowns that occured at the
Cente’s requed were dso sibtracted.

The nunber of Bowdowns was dtermined byaccantng for eachocarrene of anidle peiiod.
(It should l# nated that this is anegimated value becaus the tes site does nat normally blow
down, but rather, maintains a minimum pressve d 120 [sig opeating pressues during idle
periods) The nunber of howdown @curencesasigned for the Cae?2 ewaludion is a synthetic
value whid represeris stestha foll ow blowdownprocedues.

2-12
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3.0 RESULTS

3.1 ROD PACKING EMISSIONS

3.1.1 Emissions Durin g Idle/Shudown

Doghouse leakate measuenments dita were collected over a 7-daysanpling period These d&a
span the rargyof time from whenboth theEmissionsPacking andthe conwertional packng were
new unil they hadlogged about 100 hairs of wear. Table 3-1 preseits themeasurd packing
vent emssiors far Engnes 501 and 502during presuiized idle states. The resuls ae
summarized as dferences. A 95 percentcorfidenceinterval abou the meanof the difererces
was computed lasedon a Stident's t distribution. Measirenents were generdly stated 20
minutes fter shutdownoccured, uress he engine hadbeenshu down overright. It generaly
requred abou 30 minutesto complete the dita cdlection. For 80 pecert of the sanples,the
engne wadn theidle mode for at lest 24 hous (s footnote d in Tabk 3-1). No changs inrod
emission rates were olsaved betveen measuements nade shotly after shudown and dter a
minimum of 24 hours kd trarspired.

Table 3-1 shows thd the France packing did not redwce compressorrod packng leaks during the
standby idle mode. The aerag differece (bdh engnes) between theControl Rod and st Rod
was -0.29 +0.55 sdm naturd gas. Thus, a& the 95 mrcert corfidene level, thereis a dight
negtive difererce etween saling peformance with and withou the emissonspackng. The
erras calculated usng the Student st distribution ae geder than the errors expested from the
measurerant indruments, showng proaess ariahility beaweenthetwo rods.

Of the 14 samples cdlected, 10 neaswements stowed aloss in gas saings beaween the
EmissionsPacking and the conwvenional packing, athoudh the differerceswere small in sone
casa. Averagdng the dita from both engnes,the overal averag emission rae for the Frarce
Paclkng Rod was 1.23 0.54scfmwhile the Contol Rod owerdl averag enissians rate was0.94
+ 0.39 sfm.

For Engne501, the Test Rod enitted slightly more gas tharthe @ntrol Rod (0.54+ 0.47scfm
natual gas). For Engne 32, he Fane packng emissions were initially lower than the
conwentiond packng, but halfway through the Plasel test peiod, they increagd aml remained
higher thanthe conwenional packing (see kgure 31). On awerage, noredwction in rod emssions
wasdeeded on Engne 502 (-0.04 + 0.55scfm), indicating tha the Emissions Pa&king did nd
redue idle emissiors & expeced.

Although nat corfirmed, the dfferenes ketween Endnes501 and 502emissiors nay be the
resut of different rod materials (sefootnote ato Tale 341). As Figure 34 illustrates,it appears
that emssians from Engne 502 & dightly higher than fromEngne 501. The figure aso
suggeststha the Fane packng emissions were nore variable, while the emissionsfor the
conwentiond packng were Elatively stable. No dea emisson trerds ae gpaen, bu it cen be
concludedtha the Fane Packng doesnot peform significantly beter (& expecied) than the
conwentiond packng duiing idle periods.



3.1.2 Emissions Durin g Compressor Operation

Table 3-2 presets the neasued packing vent enissions for Engnes 501 aml 502 duing
conpressoropeaaton. As before, seven dily averag natua gas enssian rates arereported for
eachvent, and these d#&a spanthe range d time from when the pcking was new until the
packng had logied abow 1100 tours of wear. Measuementswere cdleded ater emissiors had
stahlized (genedly within 5to 15minutesaftertheengne wes loaded.

Table 3-1. Rod Sal Emissons d Natural Gas
(Unit Idl e & Pressurized)
Date Appr ox. Engine Idle, Difference
Run Time Pressuized @ 600 & Between Gontrol
on New Control Rod With Test Rod With Rod and TestRod’
Seals Conventional Packing | Emissions Packing” | (sdm natural gas)
(hrs) (sdm natural gas) (sdm natural gas)
ENGINE 501
6/1699 3 0.69 0.73 -0.04
6/17/99° 20 0.72 0.93 -0.21
71709 510 0.44 0.71 -0.27
7/8/99 530 0.38 1.05 -0.67
7/2899° 1030 0.64 1.99 -1.35
|— 7/2999° 1075 0.42 0.59 -0.17
z 7/3099° 1100 0.67 1.77 -1.10
Averag 0.57 1.11 -0.54
Ll ConfidenceCoefficient® +0.13 +0.51 +0.47
E ENGINE 507
: 6/1699° 19 1.33 0.78 +0.55
6/17/99° 37 1.26 0.89 +0.37
(@) 7/7P9° 540 1.17 0.71 +0.46
o 7/8/99 560 1.59 1.37 +0.22
7/2899° 1065 1.38 2.30 -0.92
n 7/2999° 1090 1.43 2.13 -0.70
7/3099° 1115 1.04 1.32 -0.28
m Averag 1.31 1.36 -0.04
> ConfidenceCoeffi cient* +0.17 +0.59 +0.55
=i Both Engines Combined
: Averag 0.94 1.23 -0.29
u ConfidenceCoeffi cient* +0.39 +0.54 +0.55
& The Test Rod on Engine 5Q2 is ceranic coated The remaining rods are aloy steel
m ® Difference = (Control Rod Errissions - Bst Rod Erssions) positive values indicate gas saings was achieved.
¢ Quden’st distribution statistical aralysis was sed Resilts are reprted at95% corfiderce kevel.
d 4 The test engines were on idlestandby modefor at least 24 tours prior to sampling.
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Figure 3-1. Idle-Mode Emissions
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As was tle caewith the ide-mode emissions, theFrane packing generaly had enissions tha
were $ightly higher than the conweniond packing during opeation, althoudh the differenes
werenat as great. For Engine 501 the France mcking had ensdonstha were 0.03to 0.59 sfm
higher thanthe convenional packing (an aerag increag 0f0.25+ 0.21 <£fm). On Engne 502,
the Fanee packing emissions vere initialy lower, but relfway through the Phasel period, they
becane higher for a ime and tlen dereasedacnin. Fo Engne 32, he dfferenes béween the
Frane packng andthe conveniond packing ranged from0.54to +054 sém, with anaverag
savngs of 0.15+ 0.44sdm.

Averadng the daa from both engnes, the Flancepackng prodicedoveral average enissons
tha were 1.04 + 0.41 scfm while the Contol Rod enissons wee 099 + 0.40 £fm. Running
emssionswere 0.05+ 0.38 €fm higher than the conveniond packing (about3 pecent higher
thanthe Control Rods). Basedon thes dda, it can ke corcludedtha the removal of the sed
requred to ingall the Frarce mckng may resut in slightly higher emissiors while te
conpressotis opaating, athoud the diferences ae relatively insignificant conparedto the rod
emssion raes.

Figure 32 presets a pbt of the munning emissionsfor both engnes. As the figure suggests,
emssionsfrom the Frage @mckng areless variable than he caventional packng when te
conpressoris in the @eraing mode, and thaliffererce ketween the conwentional and Frane
packng is dsoredwed.The figure dsosugyests hatno dea enissontrends ae appaen.



Table 3-2. Rod Saal Emissons d Natural Gas
(Unit Operating)
Date Appr ox. Engine Running @ 600 psi Difference
Run Time Between Gntrol
on New Control Rod With Test Rod With Rod and Test
Seak, hrs Conventional Emissions Packing® Rod’, sdm
Packing, sdm natural sdm natural gas natural gas
gas
ENGINE 501
6/1699 3 0.69 1.28 -0.59
6/1799 20 0.55 0.90 -0.35
71709 510 0.62 0.65 -0.03
|— 7/8199 530 0.61 0.58 +0.03
7/2899 1030 0.62 1.04 -0.42
z 7/2999 1075 0.54 0.63 -0.09
m 7/3099 1100 0.51 0.84 -0.33
Average 0.59 0.85 -0.25
E ConfidenceCoeffi cient* +0.06 +0.23 +0.21
: ENGINE 507
(@) 6/1699 19 1.68 1.16 +0.52
6/17/99 37 1.28 0.90 +0.38
o 71709 540 1.43 0.97 +0.46
a 7/8/99 560 1.32 0.91 +0.41
7/2899 1065 1.44 1.97 -0.53
m 7/2999 1090 1.46 2.00 -0.54
7/3099 1115 1.08 0.70 +0.38
> Averag 1.38 1.23 0.15
— ConfidenceCoeffi cient* +0.17 +0.49 +0.44
: Both Engines Combined
u Averag 0.99 1.04 -0.05
o ConfidenceCoefficient” +0.40 +0.41 +0.38
& The Test Rad on Engine 502 is ceranic coated The reamaining rods are aloy steel
q ® Difference = (Control Rod Emissions - Bst Rod Enissions), psitive values indicate gas saings ae achieved.
ﬂ ¢ Sudent’s tdistribution statistical aralysiswas wsed Resits are reprted at 95% canfidence kevel.
.
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Figure 3-2. Operating Emissons
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3.2 OTHER EMI SSION SOURCES

3.21 Valve Leaks andBlowdown Volume

Measurenentswere condicted to quanify emssiors asedated with the dosed and pressirized
blowdown valve, pressue relief valve, andunit valves. Thee neasuements rereser the
emissionsleaking pastthe \alve sats on @ch avice. Esimates ofthe enissians assodated with
conpressor blowdown opeaatons ae dso peserted, and ae lasedon ANR-supplied gas
presures amd equpment volumes. The sairces adressal in this sction are anong the nost
significant fugitive enisson surces assaiated with conpresor operatons. Measuenents
assocated with theremaining minor soures(e.g, valve stens, fittings, andother minor fugitive
sour@s) are addessedn Section 3.2.2.

Meagirenent resuts ae pesned in Table 33. As the talde shows, sceering with the
hydrocarlon aralyzer shoved tha no gas was leakng from the pesure rdief valve. Thus, a
flow rate of 0 sdm is asfgned hee. Emissons from the unt valve werehigh andrelatively
variable. The owerdl average enissionrate was 12.14 sfm, which exdudes three low ernission
rates tha ocaurred when opeators took adion to reduce emissiors in resporse b the
measurerants dda lleded (see footnde b in Table 33). The blowdown volume is consiant
becasethe opraing presureandequpment wlume remeined tre sane.



Table 3-3. Componert Emissons
Date Blowdown Pressue Relief Unit Valve Blowdown Volume®
Valve Valve (sdm gas) (sd gagewent)
(sdm gas) (sdm gas)
ENGINE 501
6/1699 0.16 0 0.00 7,900
6/17/99 0.16 0 1.46° 7,900
7/7/09 0.07 0° 12.05 7,900
7/899 0.07 0" 12.51 7,900
7/2899 0.06 0" 17.50 7,900
7/2999 ¢ o° 16.55 7,900
7/3099 0.03 0 19.44 7,900
ENGINE 502
6/1699 0.14 0" 10.00 7,900
6/1799 0.14 0" 3.09 7,900
7/7/09 0.04 0° 6.21 7,900
7/8/99 0.04 0° 6.61 7,900
7/2899 0.04 0" 12.70 7,900
7/2999 ¢ 0" 10.96 7,900
7/3099 0.01 0 9.06 7,900
2 Basedon cakulations performed by ANR ergineers. This value repeseits the total volume of gas preser in
thetest compressor, piping, and dl equipment located downstream of the unit valves (at 600 psg).
P The station operabr greasedhe unit valve o redice enissons. This process émporarily recicedthe leakag,
ard isnot consideredrepresettative.
¢ The Cener field operator mistakeny measued the dowdown valve emissions while the wit was pressuizedat
120p4dg, instead of 600 pdg. Blowdown valve enissionsare notreported for this day.
“ A hydrocarbon analyzer was first used as a screening method b identify if leaks were present. If THC levels
were found tobe greater than 50 percent, the Flow Tubewas required to be used to quantify theleak rate. For
these samples, THC levels were nearly O pecent. Thus the Flow Tubewas not usd.

3.2.2 MiscelaneousFugitive Surces

Once eah day miscelaneous fugitive emssion souces were sog-screened to iddify
conponentghat were leaking significartly andin need @ emnisson rate measurerant. The types
of conponens seceenedareidentified kelow.

Flanges —Vave, neter, gpe,and dhe flangss

Miscelaneousfittings (tees, dbows, cougings, drains, prts, snall valves)
Blowdown @s reowvery systemconponents

Temperdure andpressue metering poits

The sog-screenig revealedno leakng conponents. This is not suprising becausemost of
thee conponens are locaed in confined waking areas ard any leaks could resukt in a
significant safety hazrd o triggering of the @as ditection darm systemlocatedat the site.
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3.3 NET GAS SAVINGS

The primary verific ation parameter deternminedfor the Phae | evaluatian is né gas saings. The
Phase testpeiod begn after the packings were installed andthe engneswere sarted June 16,
1999),and ered o the lastday of sampling (July 30, 199). Net gas svings for thePhase |
period were cdculated for the Casel andCase 2basline shitdown scenaios based on the
overall average enission rates preseaited in Sections 3.1 and 3.2 and engne operdiond daa
preenkd in the next secion. For Case 1,the useof Emissons Ricking resuted n a gas bssof
-18,224+ 29,987 stfor the two test engnes. For Case2, the ng gas saungs for both tes
engnes wee daermined tobe 69,261+ 47,775sd. The gas saings achieved here are due to
the change in opesrting pradice, notthe EmssonsPackng. The bllowing sutsedions dsciss
thes resuts in detail.

3.3.1 CompressorOper ational Characteri stics

To cakulate net gas saings, the opeational chaaderistics of bath engnes vere dsfinedon a
daiy basis The @eratng chaaderistics d intered include the rumber of shutdowns, the
number of housin the idle mode, the amber of hous in the runing or opaating mode,andthe
numnber of housin the ou-of-senice node (ie., nonidle modesuchas mainterance and regir).
These operating chaaceristics, preenid in Table 34, were ddinedfor Engnes 5 and B2
using dat suplied by ANR Pipdine. The gray areasin the tade coregpond wih sampling
conductedby the Certer. Althoudh sewerd idle-mode shutdownsazured onthe® day, they are
not includedin the determination of gas saings becausetheseshudowns wee performed & the
requestof the Ceter.

3.3.2 Case 1 and Cas2 Gas Savings

This section preserts calculated gas saings asodated with the Farce pa&king for Engnes 501
and 502. Savings areconputed byconparing conpresso emissons when he Fiane packng is
ingtalled with conpresso enissons wthoutthe France mckng. The France pacikg reguresa
presutized shudown/idle mode be sed,and the gas swvings achéeved will depend @ how
shutcwn andidle mode opegtionswere nanaged prior to installing the Farnce packng.

Two baseeaseshutdown/idle modesare assimed. Case lrepeens the oifiginal use of a
presuiized shudown (sane asthe Enissons Ricking requres) and Case 2 repesnt the
original use of conpresso depressuization and howdown. Asa resut of changng the packng,
and possibly the shutlown/idle mode, a wriety of enisson changes wll occu in bah cases.
Each clange is quartified hee, and the buletsbdow de<ribe low ead valueis calculated. The
emssionfactors referred b bdow were degribedin Secions 3.1 and 3.2, andare sunmarizedin
Table 35.



Table 34. Engine Operating Schedue for Phasel
Engine Date Number of Operational Data (Hrs)
Shutdowns Running Scheduled Idle
Downti me for
Maintenanae, dc.
501 16-Jin
17-Juin
18-Juin 9.9 0 14.1
19-Jun 24 0 0
20-Jwin 24 0 0
21-Jwin 24 0 0
22-Jwin 24 0 0
23-Jwin 24 0 0
h 24-Jwn 24 0 0
25-Juin 24 0 0
z 26-Jin 24 0 0
27-Jin 24 0 0
m 28-Juin 20.3 3.7 0
E 29-Juin 24 0 0
30-Jin 24 0 0
: 1-Jd 24 0 0
2-Ju 24 0 0
(@) 3-ad 24 0 0
4-Ju 1 7.4 0.1 16.5
o 5-Jd 4.2 0.2 19.6
n 6-Ju 24 0 0
7-Ju
8-Ju
m 9-Ju 24 0 0
> 10-Ju 15.7 8.3 0
11-Jd 1 0 17 7
H 12-Jd 0 0 24
.- 133 0 0 24
14-Jd 0 0 24
u 15-Jd 0 0 24
m 16-Ju 6.4 6.8 10.8
17-Jd 0 24 0
q 18Ju 0 24 0
19-Jd 1 0 7.7 16.3
q 20-Ju 0 0 24
21-Jd 0 0 24
n 22-Ju 0 0 24
m 23-Ju 0 0 24
243 0 0 24
m 25-Ju 0 0 24
26-Ju 0 0 24
~ 27U 0 0 24
(cortinued)
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Table 34 (conthued

Engine Date Number of Operational Data (Hrs)
Shutdowns Running Scheduled Idle
Downti me for
Maintenance, dc.
28-Ju
29-Ju
30-Ju
TOTAL 3 447.9 91.8 372.3
502 16-Juin
17-Jun
18-Jun 1 0.7 0 23.3
19-Juin 0 0 24
20-Jun 0 0 24
21-Jwn 0 1.2 22.8
|_ 22-Jun 9.4 5.9 8.7
23-Jn 1 18.5 0.1 5.4
z 24-Jun 0 0 24
I.l.l 25-Jun 0 0 24
26-Jun 0 0 24
E 27-Jn 0 0 24
28-Jin 0 9.1 14.9
= 29Jn 104 0.3 133
U 30-Jun 24 0 0
1-Ju 24 0 0
o 2-Ju 24 0 0
3-Jd 24 0 0
n 4-3d 1 10.4 0.1 135
5-Jd 0 0 24
L 6-Ju 0 0.4 23.6
7-dd
> 8-
(= | 9-Ju 21.8 0.1 2.1
10-Ju 0 0 24
: 11-Ju 0 0 24
u 12-Jd 0 0 24
13-Jd 8.3 0.2 15.5
m 14-Jd 24 0 0
q 15-Jd 1 10.8 0.1 13.1
16-Jd 13 1.8 9.2
17-3d 24 0 0
g 183d 24 0 0
n. 19-Ju 24 0 0
20-Ju 24 0 0
J 21U 24 0 0
22-Ju 1 12.9 0.1 11
m 23Ju 0 0 24
: 24-Ju 0 0 24
(cortinued)
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Table 34 (conthued

Engine Date Number of Operational Data (Hrs)
Shutdowns Running Scheduled Idle
Downtime for
Maintenance, dc.
25-Jd 0 0 24
26-Jd 0 0 24
27-3d 0 0 24
28-Jd
29-Jd
30-Ju
TOTAL 5 356.2 194 536.4

Note: Grayareas represent splimg corducted by the Center.

CASE 1 (no changen shutdown/idle mode i.e., pressuized shudown/idle continues):.

Rod sehsavngs whileidle:

Degription: Rod paking emssionsthat are reducedby he France mcking during idle periods
Calcuation: Idle hourst(Contrd Rodemissonfactor - Test Rod emssionfactor)

Rod seélosses die toemissiors increa®s while runnng:

Degription: Rod paking emssionsincreases caugd by the France packing during qoeration
Calcdation: Runnng haurs*(Cortrol Rod ernssonfactor - Test Ra@ emssbn factor)

CASE 2 (changefrom depressurize/blowdown modeto a pressurized mode):

Rod sedincreags vhileidle:

Degription: Idle-mode pd packing emssionsfrom France packig (with newpresairized
shutdown/idle mode, hese emgsionsmug nowbe added)

Calcdation: Idle hours*(Test Rd emsson factor)

Rod sehlosses die toenissiors increags whilerunning: sane asin Case 1

Blowdown wolume savngs.

Degription: Gascontained n the compessor andpiping released duing sutdown (with new
pressurized shutdown/idle mode, hese emssionsare no bngerreleased)

Calcuation: Numberof shutdowns*(blowdown vdume ernisson factor)

Blowdown valve leaklosses

Degription: Gasreleased fom te cbbsd bbwdown valve (ith newpressurized shutdown/idle mode,
theee emssionsmug nowbe added)

Calcdation: Idle hours*(blowdown alve emssion factor)

Unit valve leaksavngs:

Degription: Gasreleased fom te clbsed unt valves(with newpressirized shutdown/idle mode, hese
emssionsare no bngerreleased)

Calcuation: Idle hourst (unit valve ensdon factor)

PRV and nmisellaneousconponent bsses

Degription: Gasreleased from the pessure relief valve and misellaneoudugitive urces(with new
pressurized shutdown/idle mode, hee emssionsmug nowbe adled)

Calculation: Idle hourst(PRV + Mscdlaneows compoerts emissiondctors = 0)

3-10
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Table 3-5. Overall Average EnissionFactors (sdm gag
Contrd Rod ge 0.94
Test Rod idle 1.23
Contrd Rod rynning 0.99
Test Rod running 1.04
Blowdown Volume 7,900/ shudown
Blowdown Valve 0.08
Unit Valve 12.14
PRV andMisc. Conponents 0

Table 3-6 presets the gas saings measued and cdculated for Case 1and Gse 2. The
definitions preenied abowe carespad to speific cdumns in the ble. There are $gnificant
differen@s in gas saings baween Engnes 5 and B2, bu thee difereces are diven
primarily by differencesin the nunber d idle hours tat occured duing Phag I. Total natural
gas saings for bah engnes undea Casel were cdculated tobe -18,224+29,987scf of natura
gas (an overdl loss). Thes gas Isses ocarred kecawse the Fane packing did nd reduce
emissionsduring idle mode. Totd gas svings for bath engnesunde Case 2were cdculated to
be 651,24 + 47,775 cf of naural gas. It should le notedtha thesesavngs are notdueto the
Emissions Peking; rather, the change in gperating charateristics provided the added sangs.
Elimination o the urit valve enissionswasthe gimary factor contibuting to thegassavings that
occuredin Case 2.

Froma geenhouse agenissiors gandmint, the retural gas saings andlossescitedabowe were
conwertal into methare enissionglosses. This wasdone ugig natual gas conposiiond data
routinely measurediy ANR pipdine (®e Setion 23.2.3. An awrage 9709 pecert methare
conposition was neasued duing the Phae Itestpeiod by ANR and,based orthis value, totl

methane rdudions (savngs) andincrease were cdculated & follows

Case 1 7,594and D,099scf methane increa® for Engnes 501and 5@, respectively
Case 2 256,87 ard 375,73 sd methanedecreasefor Engnes 5A and B2, especively

Again, the nethare redudions for Case 2 @cured as aresut of the shutdown/idle proces
change assimed thee; ot the performance d the Frane pachkng.

3.4 INSTALLATI ON REQUIREMENTS

Installion of the Farce paking system was completed in 2 days. Based oninterviews
conduded with site operators, this is the same anount of tme requred to install conventiond
packng. Thus, the incrementalingtallation wsts far the Fane packing is z2ro. On a per+od
bass, he @pital cog was $3,42642, and the installation required 2 labor-hours.
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Table 36. Ca 1 and Cag 2 Gas Svings (<f natural gas)

Engine Date CASE 1 CASE 2
Rod Seal Rod Seal Loss | Total Rod Seal | Rod Seal Loss| Blowdown | Blowdown Unit Valve PRV and Total
Savings While [ Due to Increase| Savings Increae |Due to Increasg  Valve Valve Leak |[Leak Savings| Misc. Canp. | Savings
Idle While Running While Idle |While Running| Savings Loss Loss

501 16-Jun 0 0 0 0 0 0 0 0 0 0
17-dun 0 0 0 0 0 0 0 0 0 0
18-Jun -245 -30 -275 -1,041 -30 0 -68 10270 0 9,132
19-Jun 0 -72 -72) 0 -72 0 0 0 0 =72
20-dun 0 -72 -72 0 -72 0 0 0 0 -72
21-dun 0 -72 -72 0 -72 0 0 0 0 -72
22-Jun 0 -72 -72) 0 -72 0 0 0 0 -72
23-Jun 0 -72 -72) 0 -72 0 0 0 0 -72
24-dun 0 -72 -72 0 -72 0 0 0 0 -72
25-dun 0 -72 -72 0 -72 0 0 0 0 -72
26-Jun 0 -72 -72 0 -72 0 0 0 0 -72
27-dun 0 -72 -72) 0 -72 0 0 0 0 -72
28-Jun 0 -61 -61] 0 -61 0 0 0 0 -61
29-dun 0 -72 -72 0 -72 0 0 0 0 -72
30-Jun 0 -72 -72 0 -72 0 0 0 0 -72
1-dul 0 -72 -72 0 -72 0 0 0 0 -72
2-Jul 0 -72 -72) 0 -72 0 0 0 0 -72
3-dul 0 -72 -72) 0 -72 0 0 0 0 -72
4-Jul -287 -22 -309 -1,218 -22 7,900 -79 12019 0 18600
5-dul -341 -13 -3%4 -1,446 -13 0 -94 14277 0 12,723
6-Jul 0 -72 -72) 0 -72 0 0 0 0 -72
7-dul 0 0 0 0 0 0 0 0 0 0
(cortinued)
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Table 3-6 (conthued

Engine Date CASE 1 CASE 2
Rod Seal Rod Seal Loss Total Rod Seal Rod Seal Loss| Blowdown Blowdown Unit Valve PRV and Total
Savings While [ Due to Increase| Savings Increae |Due to Increasg  Valve Valve Leak |[Leak Savings| Misc. Canp. | Savings
Idle While Running While Idle |While Running| Savings Loss Loss

8-ul 0 0 0 0 0 0 0 0 0 0
9-Jul 0 -72 -72) 0 -72 0 0 0 0 -72
10-Jul 0 -47 -47, 0 -47 0 0 0 0 -47
11-Jul -122 0 -122 -517 0 7,900 -34 5,099 of 12449
12-Jul -418 0 -418 -1,771 0 0 -115 17482 of 155%
13-Jul -418 0 -418| -1,771 0 0 -115 17482 of 155%
14-3ul -418 0 -418| -1,771 0 0 -115 17482 of 155%
15-Jul -418 0 -418 -1,771 0 0 -115 17482 of 155%
16-Jul -188 -19 -207 -797 -19 0 -52 7,867 0 6,999
17-dul 0 0 0 0 0 0 0 0 0 0
18-aul 0 0 0 0 0 0 0 0 0 0
19-ul -284 0 -284 -1,203 0 7,900 -78 11873 of 184®
20-Jul -418 0 -418 -1,771 0 0 -115 17482 of 155%
21-ul -418 0 -418| -1,771 0 0 -115 17482 o 155%
22-Jul -418 0 -418|| -1,771 0 0 -115 17482 of 155%
23-Jul -418 0 -418| -1,771 0 0 -115 17482 of 155%
24-Jul -418 0 -418|| -1,771 0 0 -115 17482 of 155%
25-ul -418 0 -418| -1,771 0 0 -115 17482 o 155%
26-ul -418 0 -418| -1,771 0 0 -115 17482 o 155%
27-dul -418 0 -418|| -1,771 0 0 -115 17482 of 155%
28-ul 0 0 o| 0 0 0 0 0 0 0
29-ul 0 0 0| 0 0 0 0 0 0 0
30-ul 0 0 0 0 0 0 0 0 0 0
TOTAL -6,478 -1,344 -7,822) 27476 -1,344 23,700 -1,787 27118 of 264277
(cortinued)
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Table 3-6 (conthued

Engine Date CASE 1 CASE 2
Rod Seal Rod Seal Loss | Total Rod Seal Rod Seal Loss| Blowdown | Blowdown Unit Valve PRV and Total
Savings While [ Due to Increase| Savings Increae |Due to Increasg  Valve Valve Leak |[Leak Savings| Misc. Canp. | Savings
Idle While Running While Idle |While Running| Savings Loss Loss

502 16-Jun 0 0 0 0 0 0 0 0 0 0
17-Jun 0 0 o| 0 0 0 0 0 0 0
18-Jun -405 -2 -408|| -1,720 -2 7,900 -112 16972 o 23038
19-Jun -418 0 -418|| -1,771 0 0 -115 17482 o 155%
20-Jun -418 0 -418 -1,771 0 0 -115 17482 0] 155%
21-Jun -397 0 -397 -1,683 0 0 -109 16608 0 14815
22-Jun -151 -28 -180 -642 -28 0 -42 6,337 0 5,625
23-Jun -94 -56 -149 -399 -56 7,900 -26 3,983 0 11353
24-Jun -418 0 -418| -1,771 0 0 -115 17482 0| 155%
25-Jun -418 0 -418] -1,771 0 0 -115 17482 0] 155%
26-Jun -418 0 -418| -1,771 0 0 -115 17482 0] 155%
27-Jun -418 0 -418| -1,771 0 0 -115 17482 o 155%
28-Jun -259 0 -259)| -1,100 0 0 -72 10853 0 9,682
29-Jun -231 -31 -263 -982 -31 0 -64 9,638 0 8,611
30-Jun 0 -72 -72 0 -72 0 0 0 0 -72
1-aul 0 -72 -72 0 -72 0 0 0 0 -72
2-Jul 0 -72 -72 0 -72 0 0 0 0 -72
3-dul 0 -72 -72 0 -72 0 0 0 0 -72
4-Jul -235 -31 -266 -996 -31 7,900 -65 9,833 o 16p41
5-Jul -418 0 -418 -1,771 0 0 -115 17482 0] 155%
6-Jul -411 0 -411 -1,742 0 0 -113 17190 0| 153%
7-dul 0 0 0 0 0 0 0 0 0 0
8-Jul 0 0 0 0 0 0 0 0 0 0
9-Jul -37 -65 -102 -155 -65 0 -10 1,530 0 1,299
10-Jul -418 0 -418 -1,771 0 0 -115 17482 0| 155%
11-ul -418 0 -418] -1,771 0 0 -115 17482 0] 155%
(cortinued)
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Table 3-6 (conthued

Engine Date CASE 1 CASE 2
Rod Seal Rod Seal Loss Total Rod Seal Rod Seal Loss| Blowdown Blowdown Unit Valve PRV and Total
Savings While [ Due to Increase| Savings Increae |Due to Increasg  Valve Valve Leak |[Leak Savings| Misc. Canp. | Savings
Idle While Running While Idle |While Running| Savings Loss Loss
12-Jul -418 0 -418 -1,771 0 0 -115 17482 0f 155%
13-Jul -270 -25 -295 -1,144 -25 0 -74 11290 of 10047
14-3ul 0 -72 -72) 0 -72 0 0 0 0 -72
15-Jul -228 -32 -260 -967 -32 7,900 -63 9,542 of 16380
16-Jul -160 -39 -199 -679 -39 0 -44 6,701 0 5,939
17-dul 0 -72 -72) 0 -72 0 0 0 0 -72
18-Jul 0 -72 -72) 0 -72 0 0 0 0 -72
19-Jul 0 -72 -72) 0 -72 0 0 0 0 -72
20-Jul 0 -72 -72) 0 -72 0 0 0 0 -72
21-Jul 0 -72 -72) 0 -72 0 0 0 0 -72
22-ul -191 -39 -230 -812 -39 7,900 -53 8,012 of 15009
23-Jul -418 0 -418 -1,771 0 0 -115 17482 0f 155%
24-Jul -418 0 -418| -1,771 0 0 -115 17482 0] 155%
25-ul -418 0 -418| -1,771 0 0 -115 17482 o 155%
26-ul -418 0 -418|| -1,771 0 0 -115 17482 of 155%
27-dul -418 0 -418| -1,771 0 0 -115 17482 0f 155%
28-Jul 0 0 o| 0 0 0 0 0 0 0
29-ul 0 0 0| 0 0 0 0 0 0 0
30-Jul 0 0 0| 0 0 0 0 0 0 0
TOTAL -9,333 -1,069]  -10402 -39586 -1,069 39500 -2,575 390714 0| 386984

Note Gray areas rgresent sanpling conducted by the Center.

3-15




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

40 DATAQUALITY

4.1 BACKGROUND

Information an daa quality is usedto charaderize the level of uncetainty in measurd values and
verification paameters The pocess of establishing dat qudity obectives starts with
detemining the dsired level of confiderce in the primary verifi cation paameters. A primary
paraneter for Phase | wasthe estblishnent of idle-mode gas saings for the Frarce mcking.
These @s svings are sed o help quartify the primary Phasell verificaion parameter, the
Frane packng paybackpetiod. The daa quality objective that was etablished for the payack
period ddinesthe quality goals for all measued paaneters. It is based oninput from gas
indugry and dgher Stakeholder Group members, and ows for an error in payback values of
about+3 to 4 nonths. This goa was sedto st data qudity goals for the following key
measuredvalues. rod packing emssions,valve enissions(unit, blowdown, andpresue relief
valves), miscelaneous sour@ emissons, and ratura gas quéity measurerents. This sction
idertifies hese gralsand dscusses howthey affed the Phae |verificationresuts.

During the Fhas | evaluation,field andlaboratory measurerents were collected in an effort to
quanify uncertainty in the measued values idertified abowe. For exanple, theaccuacy and
predsion o the flow tube nmeasuement was quanified with frequent calbrations and repicae
sanples, andthese dta were usal to quarify uncetainty in the packng emssins rates

preened in Sedion 3. Thesecalibraions andredicate samples, dong with accuacy and
predsion data provided by ingrument vendois, wee usedo quantify uncetainty in the key Phase
| verification parameter, ngural gassavngs. As a pacica meatter, onelimitaton on the quisty

andrepresenativenes of the measurerants collededis ther reative infrequeancy. Although the
level of uncertainty is asseiated with measurerent frequency, it wasaddesed byrepeating all

measurerants onthree gparate occasons. On eah oc@sion, neaswenments were cdleded at

lead twice, andead resul represented numerousindividual quanifications.

4.2 ROD PACKING EMISSION RATE M EASUREMENTS

The MEM Rangnmasterflow meters originaly plannedfor useon the dodious vents dd not

function properly in the field. Asa resut, a decsion was mede to repgace thesemeters with the
manual Flow Tube measurerents. Basedon manufadurer suppied paformance dta for the
MEM meters, the meximum error anicipated was +2 pecent of the instrument’s full-scale
readng. An eror of 5 percert would hawe allowed theachevement of thedata qualty objectives
setfor the payback peiiod ard, cansidering the magnitude of theaverag enissionratesmeasured
at the site, the MEM meter may hawe resuted in an a@ror of abou 6 percert. Calibration data

colleded m the Flow Tube siggest tha the eror asodated enmsgon rates measued at the site

were low, exeeedng the aiginal performance gal for the MEM meters.

Table 4-1 presets Phae |calibration resuts for the Flow Tube, andshows the accuracy values
dewelopedfrom these déa. The How Tube wa alibraked againg alaminar flow elenent (LFE),
which itself was cabrated agpinst aNIST-traceake primary stand@rd (r* valuesranged béween
0.9975ard 0.99%). The mun-average Flow Tube acaracy values pesented were cdculated by
awveradng the acuracyvaues for each indidud measurerant in a run. Individualmeasurerent
accuacy values were calculated by deermining the dffererces betwen theFlow Tube and.FE



flow rates (flow tube minus LFE) dividing this value by the LFE flow rate, and then
multiplying by 100. As the tble shovg, the

Table4-1. Flow Tube Calibration Resuts (Low Flows)
Date [Run| Flow Tube [Flow Tube Methane| LFE Pressure LFE Methane Flow Tube
Velocity, fom| Flow Rate, £fm Drop, in. H,O Flow Rate, <fm | Accuracy,’%
6/2/99 1 102 0.29 0.98 0.34
238 0.70 2.00 0.69
484 1.44 4.05 1.4%
711 2.12 6.05 2.1
905 2.70 8.0Q 2.78
Run Averag -2.5
6/2/99 2 101 0.30 0.98 0.34
h 236 0.70 2.0Q 0.69
z 486 1.45 4.05 1.4%
712, 2.13 6.05 2.1
m 908 2.72 8.0Q 2.78
Run Averag -1.9
E 712099 | 1 113 0.32 1.02 0.35
202 0.70 2.03 0.71
: 368 1.41 4.03 1.40
528 2.10 6.02 2.09
u 683 2.77 8.05 2.8(0
843 3.45 10.1 3.52
o Run Averagg -2.3
a 712199 2 103 0.30 1.04 0.34
203 0.72 2.0§ 0.71
370 1.42 3.98 1.38
[y 535 2.11 6.01 2.09
694 2.78 8.04 2.81
> 850 3.44 10.05 3.51
= Run Averagg -2.7)
7/2309 1 110 0.27 0.92 0.32
: 230 0.72 2.0Q 0.7¢
u 427 1.45 4.01 1.4%
608 2.12 6.01 2.12
u 784 2.77 7.98 2.82
Run Averag -2.5
q 72309 | 2 107 0.30 1.02 0.34
225 0.72 1.99 0.7¢
¢ 427 1.45 4.01 1.4%
612 2.12 5.99 2.12
(a8 791] 2.7 7.96 2.83
Run Averag -2.7
|-|-| & Rowding erras may prevert the rea@r from calculating the exactrun averagepercertages using the concentation
m daa presented in the teble.
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average accuacy of the How Tube ranged from-1.9 to-2.7 percat of the value measuredy the
LFE (owral awrage of 2.4 perent). The instrument provided acepable readngs aaoss he
flow range repeseriedin Table 44, buta rdatively corsistert negative bias wasobseved atlow
flow rates. Spedfically, atflows lessthan abaot 0.3 scfm a negtive bias petween 11 and 17
perend) was dosaved fa all calibraton runs. Fortunaely, there were no field measuenents
colleagedin this flow regme. In the regme where nost measurerants were collected (between
0.5and 3sdm), the oerdl averag FlowTube a&cuacywas 0.4percert. This value is usedto
detemine the lewel of acual uncetainty in the ret gas saings values ascibed in Sedion 4.4.

Pregsion am/or repedahlity were asesed bycondicting redicat cdibrations. The calibratons
condutedon 6/2/99represert the orly set d cdibration replicates where te refererceflow rates
(i.e, the LFE flow rates) were precisely dudicated br bath runs. In the dher cdlibrations,the
dupication of flow condtions was ¢ose, bu na exat. Figure 41 pregnts a plot of the
calibration resuts cdleded on 6/2/99. Thetwo linesplot the dfferene beweenthe How Tule
flow ratesand LFE rates dvided bythe LFE rates. These values are dotted for eah d the five
flow rate corditions exanined, saf the How Tube values were100 fercentrepeatable & al fl ow
condtions, mly oneline would be vsible. In this @ase repedallity is not exat but is accepgalle
at dl cdibration flow condtions. Owveral Flow Tuberepetabiity was cdculated for 6/299 by:
calallating the awerage differene baweenthe two Flow Tube raes measued for eah of two
runsatthefive flow corditions; dividing this value bythe awerag refererce conceriration across
all flow condtions; and multiplying by 100. This value, @culated to be 0.54 perent,is a
measureof the degeeof How Tube \ariablity observed relative to the adud or refererce flow.
The trends observed in the 6/299 data were apgrentin plots ofall calibration resuts cdleded.

Figure 4-1. Flow Tube Repeaability (6/2/99

0.05

] /2 3 s g

-0.05

-0.10 —e—Run1l —m—Run?2

(Flow Tube-LFE)/LFE
(scfm)

-0.15

Flow Condition (1 = lowest flow)

Gas saings for the rad packing are déermined asthe dffererce béweenthe packng emssion
rates neasued onthe Ted and @ntrol Rods. Thus, the total error in the dfferenceis the sumof
the absdute erors in each measurerant. This principle, dong with the average acaracy value
of 0.4 percentde<ribed eaiikr, is used tadetermine potertial levels of error in ne gassaungs
values peseted in Sec¢ion 3. This owerall error is preseedin Secion 4.4.
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Findly, the original conpletenes goal for rod paking enissions neasuements lequired the
conpletion of 15 saés d measuements. As disaused in Sedion 3, 14 conplete sets of
measurerants were cdlecte.

4.3 OTHER MEASUREMENTS

43.1 Unit Valve, Blowdown Valve, and Pressure Relief Valve

Meaaurenentof the leakratesfor the blowdown valve, pressue rdief valve, and uit valves were
made using different cdibrated instruments. QA resilts asocated wth eah of thee
measurerants ae descibed bdow. Data quality consderations for the estmated blevdown
volume are als discissed.

The pressue relief ard uni valves were measued usng the How Tube discused eatier.
Becaus flow was rot detected for any pressire relief valves, QA andcdibration daa are nat
preented for them For the urit valve, he How Tubecalibration dah presented in Section 4.2
are gplicable to the few low flow rate measwements cdleded onthis devce. In most cass,
flow rateswere higher, am a hgh flow calibration chat was deeloped ad usd dter the field
studywas conpletedto canvert measued gas \elocitiesinto ratura gas fow rates. The sane
Flow Tubecalibration procedue desaibed for therod paking vent measurerents wasfollowed
here,andthe calibration data developedare presertedin Table 42 (Note it was notfeasble to
simulate gasflows geaerthan 8 sdm in the laboratay). A cdibration chat, similar to the How
Tube cdibraion chart preseredin Secion 2 for the rod paking vent measurerents, s shown in
Figure 42. The How Tube accuracy at high flow rate regmes wadoundto perform as god as
or better thanthe acaracy obsered a lower flow regmes. Figure 42 clealy shows that the
natual gas fow rate is linealy propational to the gasvelocity measuredvith the Flow Tube (at
both hgh and bw flow rae regmes). For this reason, the guaion shownin the figure was used
to exrapohte the cdibration dda, and etimate gas fow rates athigher velocity readngs. The
accuacy and pedsion o the How Tubein high flow rate regimesapproxmatedthose at lower
flow rate regimes.

Table 42. Flow Tube Calibration Resuts (High Flows)

Date | Run | Flow Tube [Flow Tube Methane| LFE Pressure LFE Methane Flow Tube
Velocity, fom| Flow Rate, £fm Drop, in. H,O | Flow Rate, <fm | Accuracy, %
8/11/99 1 674 2.08 0.25 2.14
1150 355 041 355
1433 443 050 436
1831 582 065 572
2351 728 081 723
2416 748 0.85 739
Run Averagg -0.1
8/11/99 2 179 0.06 0.07 0.60
725 2.19 0.25 2.15
1207 358 041 354
1458 431 050 434
1928 567 0.65 5.70
2286 6.71 0.75 661
Run Average 0.7
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Figure 4-2. Flow Tube Calibration at High Flows (8/11/09)
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The Flow Tube wasoriginally planred for use onthe dowdown \ave & wel. Howe\er, eaty
field reslts sugyested thathe flow rates fromthe blowdown valve were very low, and Flow
Tube cdibraions siggested tht performance was poa in this regme (i.e.,there is no resporse).
Therefore, alow flow rate rotameter was ugdto cordud measurerants a the bbwdown valve.
The cdibration results for this device ae pesertedin Tae 43. The aiginal accuracy goals for
this measuregarameter ae also shown for conparison.

Table 4-3. Rotameter Calibration Resuts

Measuement Calibration Range Accuracy Precision
Instrument Used Date Goal | Actual Goal Actual
Rotameter 0 to 1®0
(Dwyer VB Seie9 8/9 mL/min 3 1.38 3 0.73

For the miscdlaneousconponens sut as flanges and slve gens, it was no possibde to
effecively chanm®l the leaking gas tothe flow tube. For these typesof fugitive sources, sog-
screening was usedo idertify significant leaks, ard when flow rate determinaton was neeed,
EPA’s pratocol tent/bag method wasplannedfor use. Becausesignificantleaks were ot found,
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the tent/bag method was notapdied. The dat quality information for this method is not
preentd.

The awerag acuracy values pesned hae ae usedlater in Section 4.4 to asess howthes
measuredvalues may contribue to owerall uncertainty in the ratural gas saings edimated for
Case 1 ad Case 2.

4.3.2 Gas Compostion

Basedon averag gas conposiiond data suppied byANR, the aerage methane conertration in
the raturad gas was diermined to be 97.09 pecent. The accuacy of the® readngs was
detemined tobe 0.2 pecert

4.3.3 Blowdown Volume

Blowdown wlume was quatified based onthe wlume of piping and nanifolds in the
conpressorsystem and s accurate to within the pping specifcaions @ssimed to be 10 pecert
accuate). The unt pressue, which was measuredht the station by ANR engne monitors, was
usedto conwert the @lculated volume into a wlume of naura gas at standard condtions.
Generdly, the hog site operaed d abou 600 sig sudion pressire. Unfortunately, cdibration
recadsfor the pressue nonitor were nd made awilable by ANR, soaccuacy edimates for this
measured pameter coud nd be detrmined. However, the acaracy of the pressue sener was
notrequired beauseblowdown volume wascalculated basedon a typical sudion pressire of600

psig

4.4 OVERALL UNCERTIANTY IN THE MEASUREMENTS, NET GAS SAVINGS,
AND METHANE EMISSIONS VALUES

Calibrations were conduded bythe Certer on nost of the instuments usedn this verification.
Thesedata are sunmarized in Table 4-4. In a fewcasespeirformance daa sipplied byether the
instrument vendoror ANR Pipeline were wised. Thes dda ae als preseredin Table 44.

Table 44. Summary of Instrument Performance Data
M easurement Applicable Source Sourceof Accuracy Precision
Instrument Usel Performance Data (%) (%)
Flow Tube DoghaouseVents The Center -2.4 (0.92 -0.54
Pressue Relief Valve Leaks The Center -2.4 -0.54
Unit Valve Leaks The Center +0.31 +1.37
Rotameter Blowdown Valve Leaks The Center +1.38 -0.73
Gas Gromatograph All (convert naural gas not
emissions into methane ANR PFipeline 0.12 .
.. available
emissiong
Hydrocarbon Pressue Relief Valve Misc. The Genter 15 05
Analyzer Comporents
& The vale in parertheses repesers the accuacy at flow regimes ewounteed in the field. It was used to assess
uncertainty in ne gas savings values as described bdow.
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The measurerant accuracy values peserted d@ove were wsedto calculate how measurerant
erra might propagte through the cdculation proces ugd D deternine net gas saings and
methaneemissians for the France packing. Based orthese @l culatons, uncetainty or pdertial
erra in the né gas saings andmethaneemssons values due tanstrumentétion is edimated to
be +5 percent for Casel. For Case?2, nore indvidud measurerants were cdlected, and a
greate oppatunity for error existed In this @se the owerdl uncetainty or poenia error due to
measurerants irstrumentsis estimated tobe +8 pacent

It should be ated that the etimated errors aboe repreen uncertainty introduced by the
measurerants nethods $ed. They do notinclude uncetainty or bastha could be intoduwced
into the results atiributalde to: differences in thehost sies deign or operaing charateristics
relative to ather gtes; the frequency of measurerents condweted; and evironmental diurnal,
geographic, @ other potenia biasng fadors. The Cente conduded this ewaluaion ower a 4
weekperiod andcollected seerd sepaate measurerants dda <ts, in an dfort to addresssone
of thesepotenialy biasing factors. Basedonthe Sudert’ st digtribution aralysis shown ealierin
Secton 3, it is clear that pocess wriablity is introdudng erras tha are geder than the
instrument arors. The Center is investigatng more sengive ingruments tha may be able to
detect sone of this variablity. It is expecedtha some level of processvariabiity may still exist
and nay not be adressed with the measwement sclenme usedn this verification.
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