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Modern Frac Fleets
Deliver Wells Faster
And Consume Less Fuel
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By Coleer Cookson

“Waste not, want not” has become the hydraulic fracturing industry’s motoo.
Modern fleets do everything possible to minimize fuel consumption, simpdify
surface equipment and aromate routne tasks. In the process, they are discovering
Wways to increase horsepower density and complete wells with fewer pecple.
These innovalions OUL cperatng costs while reduong safety nsks, community
impacts and emissions.

Many of the companies behind these improvements say they have benefited from
vertical integraton. In-house manufaohering has helped them blumt the impaces of
global supphy chain disruptions. Even so. those disrupgons have reinferced broader
‘trends that Emit how quiddy new pressure pumping fleets can come on line.

“The demand for pressure pumping services excesds supply,” assesses Mam
Wilks, PF Holdings' executive chairman. “in the past. the demand may have led
service companies to build too many fleets, bue | don't believe that will happen
dpfined. Investors used o be more zggressve about gving capical to companies
with contraces. Todzy, they look more dosely 2t how new capadty will affect the
maoro environment and deploy capatal only when it makes sense.”
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The spreads that ore built tend to be
clociric or dual-Tuel Nects. “The goal is
lo displece dicsel with motural gos”
Wilks explains. “The delivoned cost For
dicscl runs oround 3550 o gollon, and
an all-dicsc] Mool consumes 7 million-
10 million gallons o year, which puis
anmal fuel cosis between 33,85 million
and 5500 million. A single Mcl of gos
can displace obowl cight galions of diesel,
so checiric or dual-lecl Neets can deliver
imcredible sovings.

“The economic incentive for duak-lucl
and clectric Moets is strong cooagh thal,
ovenlmally, wo do nol think we will soc
many mll-diesc] Mecls,” Wilks prodicis.
“Dicsc] Meocts will handle single well
pads omd some rocomplelions, bt com-
plotimg multiwcll pads will be done by
sore [orm ol fuck-elficient Moel, whothor
iL"s an cloctric Mect thal runs calircly on
natural gos or o dual-fucl floel with bigh
sushesiflstion mics.™

Wilks points oul thol on Moy, 1, Prolmc
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Services moguired U_S. Well Services,
onc of Lhe pioncers of clectric rac Docls
with mono than 110 psicwis covaring ro-
Iated techeology. “Hefone the scquisition,
wi secunod Bocnses throuph U5, Well
Services 50 wo could build our own
chocinic Mects” he mentions. “The com-
bimcad company has cight chociric Mools,
omd we oxpoct io have 12 carly in 2023
o= more redl off the line.”

The company”s horscpower also will
inchude al least 13 Tier I'V dual-fucl Nects
by thi: First quarier of’ 2007, Wilks indicoles.
He says Profrac hsikls both s clectric
amd dunl-fucl MNeocis intcroally ko control
cosls ond manage it supply chains. “¥or-
tical imlegrution belps us build clecinic
Miceis ai o lowor cost. The copilal expeose
For the Mool itsell is ower than il would
be for o convendional dicsel Meol™ he
SHYE.

“IN we comsbined the costs for the Dot
with the turbine thot provides the elec-
Iricity, the oost would he slightly highor,”
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Wilks allows. “However, we treal the
Meets and werhines 2= scparaic busincsses.
The ficels compele with othor pressmo
pumping cquipmenl, while the lorbines
compele with dicscl-hascd engines and
mrc mvailnble oo & nonlal basis throwgh
longer-fcrm condrocts.™

Given the focl cost savings provided
by matural gos torbines, Wilks dooms the
imvestiment worthwhile. He mentions that
displacing dicsc]l hes the side clfocl of
improwing air quality. “We ore handling
the E im ESG largoly by following =
maxim thal is intrinsic 0 capilofism:
o™l wasic what you dom’l nood,” he
snys. “In ather words, we bry 1o work o=
clficicntly as possible.™
Enmabling Eificicncy

Floots ane hecoming mons cificiont by
roducing how long cogines spond idEing.
Wilk=s sayx. He expresses pride im EKU
Power Dirives, a PF Holbdings subsidiary
thal has dovelopod a system o sulomali-
cally shul down ongincs il thoy idic oo
long. KLU extimates thal the sysicm ne-
doces engine idle Gme B0%, halving
diemel diliveries ond shrinking omissiomns.

The idic momagemenl sysicm oses
cleciric stariers rathor tham bydraulic siar
mmid wel kils Lypical on Frac sibes, o change
Wilks says greally reduces the side Fool-
prini. *“To accommodale hydraslic kils, a
Mot wiith 50000 horsopower woald uso-
ally mocd 34-36 Cloxs 8 iraclors, or anc
Tor cvary pump. With the idlc mensgoment
syslem’s chooiric slariors, wo can roduco
the trucks nssecisled with cach Neat o
10-12. b dictnills.

In cold iemporalures, the idle man-
mpemcnl sysicm perindically brings co-
gincs o line in keep Meds @nd cotalysis
warm s the equipamenl can um on when
necdod, Wilks nodes.

Profruc hos adopied big-bore frac
mumifolds, Wilks contiues. “Those man-
ifolds allve us Lo oqualize pressune From
cach pump,” Wilks says. “Un o conven-
tional mumifodd, we would have 1o equaliae
the linc prossure across quadrams (o pro-
vont aggressive vibrations thol could
canse cquipment Fxilores.

“The big bore manifold allows mono
Mexibility,™ be oontrasts. “Tesicad of treal-
ing the whole system os o single umil and
balancing prossures &= the number onc
prisrity, we can ook ol indivichea] drive
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that Furope woold shut dows much ol
its manufociuring o comscrve focl for
the winler, bul wo sow inllationsry pres-
sures and wanded Lo shorten bosd thmes,™
hi savs. “Afier moving forgings sisteside,
wr howe shorior boad tmes than over.”

As hydmulic fraciuring cquipment hos
hecome relinble cnough for pumps 1o
mum 18-20 hours & doy, reducing Tocl
Fcth Moore, cxcoulive vico president and
chicl opomting officer of Catalyst Fnorgy
Services. “Today, Mol scoounts for o
third of a Meot’s oporaling cosL,”™ ho says.
“Fwen smoll focl savings bhove o bugo
impncl scoss & moath.”

To deliver o slop-change in opoerating
exponsss, Moore says Catalyst developod
u fleet thol runs enlirely on moboral ges.
“Wo looked 2l fclding a tradilional
clooiric Moot with o simgle terbine pow-
cring several pumps, bul the capilal cost
was loo high o AL our philosophy on
spending.” bo relotes. “Insicad, wo do-
cided 1o Lonke the direct-drive npproach,
wilth much smaller lorbincs powering
individual pumps.”™

Fach iroiler has @ single pump that
delivers up o 5,000 horsepower and the
mmncisted mrbine, Moo describes. “We

pack o kol of horsopower inlo o small
rackage.” he remarks. “The imikors sne

48 focl from bumper 1o bumper, a no-
lbcoabic improvomeonl From convenlGonal
MNects™ 68-74 Fool railors.”

Such horscpower densily means Cato-
lyst poods fower pomps on sile, Moono
says. “In the Pormion Basin, our direct-
drive (ool is runming cighl pumps o do
johs that normally ke 20" ho illusires.

The footprind for the diroct-drive Dect
can be ns moch as 55% smaoller than the
otprinl sssocialed with a conventional
diemel or dunl-fuel Moo, Moo calculsies.
“The redoced lootprind is big,” ho com-
mcnls. “IL smves cuslomors money and
minimizes oovironmonial dismplions.
Wi also hove fewer brucks driving down
the road, =0 local commumilics bonchiL
as well.”

The trailers hove boen designod o bo
rcliable and casy 1o mainiain, Mooro os-
suncs. “Mol counting Twcl, thoy should
meduce operabing costs 1~ 15% versus
standard Mects,™ he estimabes.
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Fmiissi

When somothing unexpociod ooours,
crews con shul ofl the wrbines o save
fiocl ond miligale omissions, Moore says.
“The turbines lake kess than fve minules
Iy brimg hack on line,™ he cxplains. “This
is much fusicr tham @ traditional descl
Mizol with ) pumps, which Lokes 40 min-
mies ko i back on ovem when the cguip-
menl ix new. Mosl flects toke ol beast an
haowr 1o shui down completchy.™

Thai kong window cooMITAEES Crows
runming traditional flocls o koop cogines
nmmning as roubleshonling ocours, Moor:
suggesls. Idfing consumes (il ond in-
creases safoty risks, but il climinates the
chomce of unnecesory monprodocive
lim il the problem gels resolved quickly,
e caplains.

Unfortumatedy, the tme tnoshleshooting
will roguir: can be hard b prodicl. “When
crow membors spot o keak or other e,
they ofien think, “All we noed o do is re-
place tho gaskel, so we will bo back op
i 10 mimsles.” Sometimes the initial fix
works, bul when il docsn'l, 10 mipulbes
oflcn turns inlo teo or throe haowrs,™
Muoore relales. “If the cagines have been
idling the colire me, the wasied sl
ndds up. The (osicr starls wilh oor oow
tmrhine lochnology bolp tcams koop safcty
front amd cenler while minimizing non-
productive time.™

The turhincs’ Nexibility and the ad-

vanlages of molurnl gos Bmil emisions,
Moone says. “Weo are working with =
third-party group b quantily Lhe omission
sowings from burming noturnl ges rathor
than diesel ond shotling down mone fre-
quently,” he mentions. “The results diffor
from: the sumbers in original cquipmont
manofactunors” spoc sheels hecawse those
numbers ore bascd on new cguipment
opcraling al sca lovel in mild iempominres
and spocific homadity levels, bul whal
we have scem so for hos hoem imgpres-
sive”

The indepemdent festing's findings
mirror those of o disseriation ol the Umi-
wvorsity of Wesl Yirginin that compares
seworal [rac lechmologics ond concludes
izl dircct-drive werbines ollor the owest
enmissions, Moo imlicalos.

Az ol lole November, Colslyst Energy
Services had ono of the now Noets in the
hickd amd ancihor under comstruction, as
well s o mone traditonal fects. Moons
says his company con momiociure di-
rocl-drive flocks ol o cosd comparablo
with lraditional ones.

“We purchase cach mmil’s pump, cngine,
gearbox and drive train bt build all the
cyuipment thowse componenls go inbo,
then e the companents wggether,™ b de-
ik, “In-housc manelacluring kis us
keep pabent-pending  lochnslopy umder
lock and helps us munsge costs.

“The glohal supply chain isecs e
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have scen simce the pandemic ane begin-
ning 1o relax or of Teast become mone
predictable,”™ Moore roponts. “Mow thal
we have more relinble kead Limes, we can
grow ol o sieady pace thal proserves our
safcly rooord and suslainable opermlions.™
(Mher Initiatives

Moore points ol thal many oporolors
simipdily bogistics by osing bocofly mined
wel samd ox proppant. “Wiol sand”s pariicle
st distribulion varics mone thon graded
samdl, which mcans we have ke deal with
pebbles thal con casse problons: in miving
and pumping equipmenl,” Moore sobes.
“Thore are lechoologics o protocl the
oquipmenl, bul thoy are cvolving con-
stanily. Wi are tracking those develop-
mcnis and cvalualing the hesl options.

“Annibor area wo ore working on is
the froc iron,” he contimues. “Because of
b cxireme pressurcs and the bypes of
samdl that po throagh, the surfsce ooquip-
menl sees 3 kit of orosion, which con-
iribubcs b [milurcs and nonprodective
limee. W ore hoking ol ways Lo simplily
the system and redoce feilure podms™

Commosion ofion conbribules b surfeoc
oyaipment milores, Moore says. “Many
raditionn] biocides. such os chlorine
dinxide, sodinm hypochioriic and hy-
drogen poroxide, can be extremely delri-
mcninl o equipmenl. They afso con mc-
ocloale crosion by inlerforing wilh the
friction roducers that normally limit
sand's cifecis,” Moore coslions. “We
plan o offer customers alicrastives that
arc cqually clTective but hove fower ncg-
ative side eMects.”
Electric Wireline

When the Girst clociric hydraufic Frac-
lring Mects began 1o appear, Hodxonal
Wincline Sorvices bocame extremly cu-
rious aboul their appoal. “We wondered
why companics would invest in clectric
frec Mocls when dicse]l wes casy o gol,
[amifiar and for more affordablc than it
is inday,” rocalls Soseph Siles, Horxoniol™s
chicl cxocubive officer. “As we infked
wilh our cusiomers, many prodicted the
Muols would provide significant ciBcioncy
gains os well s eoviroamental beoclis™

Il froc flocls were using torhines 1o
prnoraic porsr for their pumps, Horizontal
rensmnid thal cleciricity would be availohie
o odhor equipmenl amd bogan investi-
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paling cloclric wincline units” polontial.
“Had wo known all the bencfits nhesd of
tme, wo would have moved 1o clectnic
much sooner,” Sites says. “From on on-
vironmenial stasdpoind, clectric wnits
make Iolsl serse. Bul omoc we stariod
comsimecling those unils ond reafized how
much moxdorn checiromics and soflware
could improve wircline operations, we
knew Lhoy had Buge saloly and ooonomic
nidvoninges: as well.”

Recausc an cloclric molor is far more
responsive Lhan the ydrokics imditionally
msed on wirchine wnils. il can kevorspe
sodbware io muke decisions ol a speed o
human can match, Silcs roporis. For ox-
ompie, il the winch detecis exorss lension,
il will stop sulomstically o prevent the
wircline cablo from broaking.

With coough losting, soliware also
com subomale rowline ke, Sies adds.
“Wio ano ol & poinl ow whone we con su-
lnmake pump down complelchy.” he says.
“Hile supervisors: still monior the job,
bl iheir robcs have shilled. Insicad of
dovoling 8% of their atlenlion o con-
trodlimg the winch, they only mocd 1o in-
lorvens il somelhing unusual happens.™

The nutomnted operotions hove frood
suporvisars Lo [ooes on olther tosks, such
as cosuring thoir icams are working safcly,
Siles says. “Char clociric wincline units
ml qmnly increase cfficiency omd consis-
lemcy, bud also improve safety and scrvice
guakity,” he roports.

The efficicncy gains are dramstic, he
continues. “With a mechanical wircline
umil, the pump down spoed wousld svosge
400-500 Feet a minule. With the eleciric

syslom we have pone 2300 foct 5 minoie
during lests. Thal speed is ummocessory
during doy-to-day opoations, bl on mosL
johs, we com mum op o 1000 or 1,200
loet 0 mimube. W ore doohling the spood
ol oporating so far below o umil’s mox-
imom copobility thol we hove incrediblic
saficly morgine™

Eliminaling the high-pressume pumps
mnd lincs mssocioted with hydroulics
also improves sofcty, Siles aoles. “Even
wilhowl the safely bonofils, cmployocs
tcnd e be happior in clectric mnils,” ho
says. “When the wirckine iz mowving.,
the somnd inside is aboul the same os
drivimg down tho highway wilh the win-
dows up ond the nir conditioning off.
Thc uniis do mot creale any cenissions,
50 the air is cheancr.”

Betworn the cificicncy pains, ssfoly
sedvuminges and emdssion roductions, Sikes
says clociric unils can owtporform their
diesel counlerparis in any situation. “We
used o womnder whether conventional
unils woukd be bolter when power isn'L
svoiloble,” he ockmowlodges. “Hul os
Mumny =s it looks, il"s smarcr in that siio-
atinn io bring a dicscl-powonod gonerotor
on sike b drive the clectric umil, bocmsse
thal pencmicr will creale half tho ernisdons
a5 o large dicsel molor.”

In kstc Mowvember, S3ics sad Haorizomiol
had cight clociric wirchine omils i the
fickl, wilh three more scheduled o be
buill by tho cod of 2022, “Our supply
chain has seitled cnough thet we should
b sbic o add o umil cvery month in
2023, be commcnbod.

(rver Limie, Sikes predicls thal cleciric

maoaa
precise adjustments. Ac-
cording to Horizontal
'H'irn_lirln Services, that

ion lots many tasks
aiomated, fing
the wnits to down
twice as fast im-
proving safety.
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wirelime umits will bocome increasingly
muinmuicd. “We an nol keoking o noplece
imdividuaks ol the well site, bul we do
wanl o pul more salcgmends and backops
mrvruned them in cose they mske s misiake,™
he oullines. “FEventually, we think wo
will he bl o fully sntomste porfomting
by uximg independent systems 1o conlirm
the guns howe reached the proper depth
mnid can be fincd saficky.”

Foel Valves

Fvem with propor comdilioning, Lho
\nrhimes thol s povaser many froc pomps
st comiend wilth variations in gas quality,
abservcs Keith Flitner, semior businoss
development manoger sl Comtinonial Cone-
trols Corp. “Chur smorl fwcl vabees ndjust
the amount of fucl os the guality changes™
he says. “Thoy ore procise cnough Lo help
the larbine mainisin e desired losd and
moduce downlime and mainlcnance coss.”

The smarl valves minimizc the risk ol
isznes during startup, Finer sdds. “These
isscs hove plagued wrhincs since the
doy they were invenlod,” be reflocts.
“Slariing a lwrhine roguincs ombosding
tho gas compressor while igniting fecl in
the combustion chambor. By malching
el with oir flow, we can ensure the ig-
nition gocs smoothhy.™

When the Tecl mix i ol kilior, icch-
nicizns oflen heor booms coandng from
the back of ihe turhine &= il rics bo starl,
Flitnor says. “With a proporly-oontrolled
smarl valve, the biggest sign the lorhine
hos storied is numbers appearing on o
screcn,” e contrasts. “The dilforence is
stark cmough Lhot poople who iry the
valves oficn promoils them.

“Unce the turbine is runming, the scll-
goverming valve optimizes focl fow o
reduce el comrmumplion, cmizsions and
muainicoance,” Flitnor noporis.

Acconding o Fhlmor, Continenial Con-
trolx” =marl volves ofler procise conbrol
hecamse they combime (25t servo control
wilh scrodynamic designs thal minimiso
prossare drop ocross e valves. “The
anboard compuler and the mesied coatral
logic wo have developed over the yeors
alzn ane key to the valves" performance,™
he ndds. “The contrd logic cxcels ob
cvaluating, sevoral [aciors o delonming
e the valves should respomsd.™

The vadves hove @ remondoos turmdowns
ralice, Flitnor reporis. “They con hondlc

RESOURCE SCIENCE

‘Bmart fuel valves turbines start
and run smoothly, which saves fuel
minimizos emissions and simplifios
masntenance. bn sddition to being -
;:‘bdinm h.H‘l_i'lﬂl, l'u:luri.rbgmn
e e
can be retro on much older urbinas
uzad in other applications.

the low Mows thal ooour = the torbine
slorts and the high Dows il nocds ot Gl
Inad,” be assunes. “Acmss the il mnge,
the volves have ol leasi 0.5% scourncy.
The conlrol is more procise in coriain
oreas, omd we can cuslonmiye those lor
specific spplications.™

Enahling Retrofits

In the hydraubic frociuring marked,
mosl of Contincnial Coplrols” smar
valvis ore imstafled on now oguipment,
Flitner soys. “Howewer, the volves can
be retrofiticd onto turbines and rocipro-
caling engincs, cvem oncs wilh anolog
conbrol systems,” he says. “The computer
urd semzors one embedded in the valve
itsell, and il con run ofl a simplc 4-20
milliamp conlrol signal, =0 we can pro-
vide procise contrel withoul & compleie
systom overbiol .~

Such ovorhonls com cost sin digils,
Flitner reporis. “Wilth our smarl valve,
the cosl is in the hw dosblc digits,™ he
conbrasis.

SUher lesd times: are shorl. Wi oficn
deliver products in o month or less thal
would imvolve six-month kead times chse-
where,” Fhner sdds. “We have seen: the
same supply chain isucs as cvoryonc
che, bul boecouse we manuloctuse our
om circwil homrds mnd hamdle mschiming
internally, we can rocower fom them
mre casily.”

Flitner predicts thal retrofilling couip-
menl will booome incnoasingly imporian
us thi e, cost and risk associalod wilk
pormitling new [ocililies prows. “We re-
conlly upgraded a plani for Kindor Morgan
in Arizons thol had wnils from the 19505
The plamt hod beem mathballed, bal al
lodny’s prices, il made scnsc o bring i

hock om fipe,™ he relaics.

The polontial for spgrades opplics o
boith wrhines and rociprocating cngines,
Flitrser maindnims, noling thal Contincntal
Conbds introduced a nexi-gencralion
Fuci valve for smzldHo-mediom-sized en-
gines ol the Gos Machimery Research
Council’s conference last October. This
valve supporis the Oow moges oficn ne-
guired o run on feld gas thol olhorwiso
woubd be Mared.

Contimonial Controls is doing overy-
thing il can Io simplify the work ssascimied
with reinofilling cquipmenl, Flitner ne-
marks. “Uher overape cuslommar s cuporionoe
lewel is chamging,™ b shserves. “Tasl ne-
coxsions mecan thal many companics have
two bulpes, with mamy workors ovar 50
and many younger than W Thesi com-
pamics are irying o onsune koowlodgo
geis passod on, but thal process novar
goos s well ns we wonlkd like ™

Wilth that reality in ménd, Continemtal
Conirls is croaling Y ouTwhe vidoos thal
exploin how o insiall and commission its
valves, ps well as how o oporaic and
tmubsleshont them. “Many costomorns, owen
omes with limiled roining. wanl b iry
snbving a problem thensches belore they
call us. They froguently tem o Googlo
for answers, omd we wanl o make sure
they con imd them,™ he cxplaios.

Flilner emphasizes that theso vidoos
masl b backed by socessible supporl
“We =till puel our phone samiber snid waeh-
silc on overy pan wo ship, and we do not
scmd callers through sm subomsted meso
before they lalk o2 hemon™ be peseres
“We also have introduced o WhalsApp
number, which allows imcrnalional cus-
tomers v reach us wsing the Islernet
rathor than o cell phone or lcxl.™ m
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