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(57) Abstract: An apparatus includes a primer pump having a pneumatic power inlet, a fluid inlet coupled to receive a tluid from a
fluid source and a fluid outlet to output the fluid in response to a pressure at the tluid outlet being less than a pressure at the pneumatic
power inlet. The apparatus includes a liquid additive pump having a fluid inlet coupled to the fluid outlet of the primer pump to receive
the fluid, wherein the primer pump is to apply a positive pressure at the fluid inlet of the liquid additive pump.
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DBUAL PUMP CORFIGURATION FOR FLUID TRANSFER AND METERING

BACKGROUND
ja061] The disciosure gonerally relates 1o the fickd of fuid traonsfer, and more padicularty 10 a
5 dual pump configuration for fhad transfer and melering,
062} Metered pomp configomtions joclode one or mare pamps o provide for fnid tansfer and
metering of fhud flow volome. Preaise metening of the fuid can be needed in certain applications.
Feor example, fluid being wansferred through a purap can be a chemical fhuid that serves ag one of the
inpats irio a system that produces a fracturing floid vsed for hydranbe fractuning to stmalate
10 production of oif and gas wells, The composition of these fracturing flnids needs to inchsde precise
amounis of the varions ingis (¢ g, chemucals, proppants, ¢fc) i order o be offective dunng
downhele fracturing operations.
BRIFF DESCRIPTION OF THE DRAWINGS
{8663} HEmbodiments of the disclosiue mav be betier nnderstood by reforncing the
15 acconpanving dmwings.
{0604} FIG. 1 depicts a scheatic diagram of a sysiem that includes a doal pump confignration,
according 1o sorme crnbodiments.
{B00S] FIG 2 depicts a scherpatic diagram of a systom application that inchudes a dual pump
configuration, according 16 sorne embodiments.
I [06Ds FIG. 3 depicts a flowchan of operations for creating and aperating a dual punp
configuration, according to sorae erabodiments.
[B0H7] FiGe 4 depicts a Howchant of operations to validate operations of the bquid additive pung
of the dual pump configuration, according {6 some crabodiments.
[BG03] FiG 5 depicts a schematic diagram of a wellbore and a switace wellbore thud treatinent

25 svsiem, according to some embodiments.

je FIG. ¢ depicts an example computer device, according 10 some embodiments,
DESCRIPTION
{0618} The description that follows includes exampie systems, methods, technigues, and program

flows that enbody aspects of the disclosure, However, it s undersioond that this disclosure may be
Y A8} 3

3 practiced without these specific detatls. For instance, this disclosure refers to a system application to
stiroulate o1l and gas production. But aspects of this disclosore can be also apphied 1o vanous oiher
types of apphcations that inclode a dual purap configuration for Muid transfer and mcionnz. 1o other
ipstances, well-known structores and techmques bave noi been shown io detail in order rot 1o
obfuscate the descrption.

35 G6ead Sowme embodimernts nchide a dual pump confignration for fluid rausfer and retering.

The dual purop configaration can inchide a bauid additive pomp for 1nttoducing liguids 1oto a thed
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flow and a primer pump that charges or pumes the ligmd additive purap. The primer punp can be
near the finid source that inchudes the finid to be tansfersed to the ligmd additive pomp, Thus, the
Primer pump <an sorve as a trarsfer pump for fuid transfer o the Hauid additive pump. Bacause of
the transfer purap. the distance of the bauid additive pump car thus be farther from the fhad souece.

5 iR The lquid additive pump can be vanious types of a positive displacersent purop. The
prigmer pumnp can also provide positive pressure at the iniet of the liguid additive purmp. 1o some
applications, the ligoid additive powmyp can introduce a cherical bquid into a blender that combines
various ligoids, proppams (e.g., sand). etc. w0 create a fracking fiwd to be used for bydwmulic fachiring
to sinmilate production of existing ol and gas wells,

16 (0013 Such a dual pumep condigoration ensures that the hignid additive pump is primeed and
metering acourately even in systerns inwhich the fiuid source i a large distance from the hquid
additive pump. The primer pump can be different tvpes of pumps that charges or primes the higuid
additive metering pump. Examples of the primer pump caninclede an Air-Operated Double
Diaphragm (AQDD) pomp, contrifngal pump, oic.

15 [0d14) Fi{z 1 depicts a schematic diagram of a systom that includes a dual pump configuration,
according to some embodiments. FIG. | depicts 3 system 106 that inclades a dual puap
configuration conpusced of a pocumatically powersd primer purep 184 (ercinafter referenced as the
primer puop 104) and a lguid additive purop 108, The system also mcludes a fud sowrce 192, a
compressed aty sovrce 106, a flowmeter 110, and 2 computer device 120, Ap outiet of the fhud seurce

20 102 1s conecied to a fluid inlet of the poner pump 104 A fhad outief of the primer punp 104 is
connected to a fuid inlet of the Hauwd additive pump 108, A floid outlet of the Biguid additive pomp
04 15 conpecied to a fluid tulet of the flowmeter 116, A floid outlet of the flowraeter 110 cutpuis the
fhid, Ouiput of the fhad from the flowmeter 110 can be used for various applications. For ¢xample,
the fluid output from the fowmeler 110 can be received by an inlet of a blender that is 1o cutput 2

25 hydrsulic fractunng fhid. In another example, the flnid output from the Hlowmetar 1190 can be input
into another pomp (e g, cendrifugal puny) for further flmd transfer. While depicted such that the
flowmeter 110 is connected to the fluid wmstlet of the liguid additive purep 108, in some cmbodiments,
the flowmeter can be connected at any point after the Hluid is output from the Hluid outlet of the primer
pump 104, For example, the flowmeter 116 can be connected between the fluid outlet of the priveer

3G pump 104 and the fludd indet of the Hauid additive pump 108
B3] A power inlet of the prvner pump 184 is connected o the corapressed atr sourcs 106,
The primer pump 104 can be other types of prewmatically powered pumps. Forexample, the primer
punp 104 can be puswnatically powered piston-doven pump. b some other embodirnents, the

primer purap 104 can be powered by hydranbes, elecincity, etc. For example. the pomer pumyp 104

(42
25

cant he a centrifugal pomyp.
{0016} The primer pamp 104 can inclade a cyele coanter 114 that s communicatively coupled to

the computer device 120, The flowmeter 110 is also communicatively coupled to the computer
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device 120, The computer device 120 can be local or remote o the primer puny 104 and the
flowmeter 110, For example, the computer dovice 120 can be reynote such that the computer device
120 15 conwmunicatively coupled to the cycle counter 114 and the flowmeter 116 via one or more
petworks. Ag example of the computer device 120 15 depicted 10 FIG. 6, which is fusther descobed
5 below.
8017} Iresome enbodiaents, the primer pump 104 is an AQDD pomp. In some applications,
the thud sowrce 192 is a chemvical tank having a cheroical fhud for the hydwaulic frachuring. The
chemical tank can also be a large distance {o.2., 100 feet, 206, feet, 500 fect, ei¢) from the location
where the chemdeal fluid is metered and subsequently input into a blender for producing the hydravdic
10 fracnuing fluid. Inoperation, the priner pump 104 is preunatically powered using the compressed
air from the compressed air sonrce 106, The prnimer pump 104 can be configured to boost the flow of
hguid from the Thad source 102 at g pressure that is essentially cqual to the amount of air prossure
input from the compressed air source 106 used to pocuipatically power the privper pump 104, As
shown, a fhid flow 122 s owipmt frorm the primer pump 104 to o indet of the Lguid additive punip
i3 I8, This fiuid flow 122 frorm an outlet of the primer pump 104 1o an idet of the Banid addiive
pump 108 results ina positive pressure 10 be applied at the indet of the liguid additive pomp 108, This
postitve pressore applied at the inlet of the liguid additive pump 108 causes the ligud additive pump
105 1o be primed for operation. In some cobodirpents, the positive pressure can be a pressure that is
greater than a net positive suction head (NPSH) required. 1o soroe erobodimernts, NPSH required
20 refors to the amourd of pressuee the purap needs 1o see to pumnp fhad withow! cavitation, T NPSH
required is oo fow, the purap will oot move fluid. The purpose of the charged flotd is to rase the
NPEH avalable at the indet of the purap.
{8018} The liguid addittve pump 108 can then be electncally or hydrantically pewered on from
an electrical power source nof shown m FEGL 1. The hauid additive pump 108 canbe any type of
25 positve displacement purap. The ligeid additive purap 108 can be configared to hold backpressure
from the fhiid received from the primer pump 104 without leaking.
DR In operation, the primer pump 104 can ontput & set amount of volume during each pump

vele, The ovele counter 114 of the primer pungp 104 can track the number of pump cveles of the

)

primer purap 104, For example, the cycle counter 114 can be incremented cach tivee a pump cycle is
30 performed by the pomer pump 104 o output fluid from s outler. The Tiguid additive pump H08 can
be coupled o electrical controls (oot shown} to conirol operations {¢.g., siart, stop, eic.) of the lquid
additive purop 138, Ooee started, the Bauid addittve punp 198 pumps the bauid received from the
primer purap 104 out to the fowrneter 110, The flowreater 110 canbe a magnetic flowruater, a

Cortolis flowmeter, etc. The flowrneter 110 canrmontior the vohuwe fow of the Hawd as the Hgumd

(42
25

flows theongh the fowmeter 110,
{0268 The primer purap 104 can be selfregrdated. For example, if the lguid additive pump 108

stalis or is not operational, the conduit betweoen the primeer pump 104 and the higuid additive punp
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108 primes up o the pregsure used to power the primer pump 104, In torn, the primer pump 104 stalls
until the higuid additive pump 108 esumes operation. Io particudar, if the pressure at the fhud outlet
of the primer punp 104 is less than the pressure at the preunaiic power inlet, Thud flows from the
finid outlet. However, erce the fiuid outlet prossure reaches the proumatic power inlot prossure at the
primer pumnp 104, the privoer pump 104 stalls. Because the privoer pusyp 104 can be selfregulaied. no
controls are needed 1o operate the primer purap 104, Accordingly, as configured, operation of the
primer purap 104 precludes dry operation of the liquid additive pomp 108

[0} FIG. 1 15 annotated with a sencs of lettors AL These fetiors represent operatonal stages.
Although these siages are ordered for this example, the stapes ilostrate one exarople te aid in
understanding this disclosure and should not be used to hmit the claims. Subject matter fatling within
the scope of the claims can vary with respect (o the order and some of the operations.

{022} At stage A, the computer deviee 120 receives a total lgnd vohuone for a2 defined time
period from the flowmeter 110, For example, the computer device 129 can query the Howmeter 110
for the total liguid volume that the flowmeter 11U measured for a given time period (¢.8., one second,
Iwo seconds, 10 seconds, 30 seconds, one mimie, otc.). For instance, the computer device 126 can
guery the flowmeter 110 on a periodic basis,

1623 Atstage B, the computer device 126 mecorves a total nomber of poap cvcies for the same
defined tirne period from the cycle conpter 114, The computer device 120 can alse query the cyvcle
counter |14 for the total number of pump cycles of the primer puop 194 for the given tine penod.
The computer device 120 cap also guery the flowmeter 110 on a penodic basis. The compuier device
120 determines or retrieves a Hgoid voharne per purap cyele for the primer purap 104, Forexample,
the computer device 120 can retrieve a biquid volame per pump cycle for this particelar primer purap
from a database stored on a ncal or remote machine-readable medivm, For wstance, the compter
device 120 can retrieve a hagud volume per pommp ovele from a database based on the manufacturer
and model number for the primer pump 104, In some embodimends, the compuder device 120 can
receive the bguid volume per pump ovele for the primer puny via user input {e.g., input from ficld
persermel),

{86241 At stage O, the compumier device 120 validaies volome ovtput from the liquid additive
pump 108, The computer device 126 can defermine the fotal volume being pumped by the primer
pump 104 for a defined tioe period by roultiplving the bguid volume per pomp cycle for the prmer
pump 104 by the number total number of pump cvcles iracked by the cyvele counter 114 for that
defined tioe period. The comeputer device 120 can then cornpare this total volume being pumped by
the privoet pump 104 for a defined tiroe perted {total volwrne A) o the total velume measured by the
flowrnater 110 during the same defined time period (otal volume By I the difference between total

vohie B and total volume A s less than a fhud differential thueshold, the compter device 120

o

validates that the vohume output from the liguid additive pamp 108 1810 an acceptable range. Thus,

e

the liguid additive purmp 108 s considered to be properly calibrated and functional.
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{8625] I the difference beotween total volume B and total volume A is greater than a fhud
differential thresheld, the computer dovice 120 invalidates the volume output from the Hgmd additive
pump 108, The fiuid differential threshold can vary depending on one or more of the type of fluid, the
type of the primer pump 104, the type of the hguid additive pump 108, the amounaot of air presswe o
5 power the pomer pump 104, leagth of the condutt oot the fluid source 102 and the pooer pump 104,
fength of the condwit fron the pomer pump 104 1o the liguid additive pump 168, elc.
{e036] In response to the voliroe owiput from the hauid additive pump 108 not being vahdated,
the computer device 120 can perform apy of a munber of operations. For jnstance, the computer
device 120 can trapsinit a sotfication of the potential issue to field persoune! and/or personnel not on
10 site. The computer device 120 can activate an alarm (visual, audio, eie ). In some embodiments, the
volime flow can be adinsted to atfompt 1o resolbve this issae. For example, the amount of volame por
unit of nme being pumped by the hauid additive pump 108 can be adiusted (e.g., reduce or increase).
In some sttuations, the notification or alarm can stall the operations of the pumps. Freld personnel can
also attempt o resolve by changing either or both of the primer pump 104 and the lguid additive
15 pump 108 Additionally, ficld personnel can attompt to resobve the issue by stopping the pump
operations and cleaning the condniis {as farther describad beiow).
{86271 The dual purep configuration of FIG. | can alse inchude asother point of validation of the
liguid additive purep 108, Forexampie, the bauid additive puop 108 can incinde a tachometer 10
rogasure the munber of revahitions of the motor of the Hguwd additive pursp for the given time period,
20 Also, the amownd of voluoxk pomped for a ligeid additive pumg for a given reovolution can be koowa
based on the type (ranufacturer, model, ete) of the pump. The compoter device 102 canbe
corarounicatively coupled to the wachoreter of the hauid additive pump 108, Accordingly, the
coraputer device 120 can validate the total volame for the given time period by mdtiplying the
numpber of revolutions by the amount of volume pumped for a given revolation for the given time
25 period. The total volume dentved from the measurement by the tachometer can be defined ag fotal
volurae . The total volume C then be compared o the total volume A and the fotal volume B (se2
above) for validation of proper operations.  For exampie, if two of the three total volumes fall withina
threshold and the thivd falls ouiside the threshold, the device associated with the thixd fotal volume
that falls ontside the threshold is defined fo be fanlty. For example, assume total volume A
3G {associated with the primer purap 104) and fodad vohume © (asseoiated with the tachomeier of the
bguid additive puop 108) fall withio a threshold and that fotal volume B (associated with the
flowmeteor 110) falls oudside the threshold, I this exaraple, the flowmeter 110 s defined as faukty,
fe0IR] {nsome embodirents, the system 100 does not inclode the flowneter 110, Accordingly,

total volume C {associaied with the tachometer of the Hgmd additive pump 108) can be compared

(42
25

with total volurne A {{associated with the pomer purop 104), H the dfference between {otal volume ©

and total volume A s less than a fhid differential threshold, the computer device 120 validates that
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the volume output from the lignid additive pump 108 {5 in anaccepiable range. Thus, the hquid
additive pump 18 is corsidered {0 be properiy calibrated and furctional

8629} Operations depicted as being performad by the computer device 120 can be perforned by
hardware, software, firmware, or a combination theroof, Forexample, these oporations can be
performed by a pracessor(s) executing nstruciions siored in machine-readable media in the compuder
device 120

HEIRH At least some of the operations depicted inthe stages A-C can be performed at least
partially i paralie] and/or in a different order. For example, operations at stage A can be performed
at feast partially i parailel with operations at stage B, Also, operations at stage B can be petformed
prioy {6 operations at stage A,

{80631} i the pnmer pump 164 i an AQDD pump, the primper pump 104 can operate dry without
damage. Therefore, after the pumping operations are complete and as part of the cleaning operation,
operation of the primer pump 104 can be reversed to pump remairdng onused fhid back o the finid
source 102, This can inchide the fluid in the conduit from the primer punp 104 o the lguid additive
pump 168, the chemical fluid in the AQDD pump, aud the fluid in the condnit from the primer pump
134 back to the fluid source 162, This reverse operation of the primer pump 104 allows umised fhuids
10 the conduwits and the pomer pomp 194 to not be wasted. Also. the reverse aperation of the pomer
rump 164 reduces the likelihood that these fhuds are spilied. Such cleaning operatione can be
parboularty usefid in apphications where the fluids can be toxic, Also, these cleaning operations
reduce the likeltheod of environmental impact or unpecessary exposure fo personaet in applications
where the fluids are taxic.

180321 1o sorope ervhodiments, electrical control is provided to the Hguid addive purap 108,
However, as described above, the pomer pamyp 184 can be self-regulated, thereby removing the need
o have an electrical control for the priumer pump 164, Thaus, 1w some embodiments, the primer pump
104 1s preumatically powerad (nstead of being powered electrically or hvdraulically). Additionally,
hecause in sonwe enthodiments, the primer pump 104 needs to be ondy pneumatically powerad, the
primer pump H34 is not necessarily confined to a particular Incation. Rather, the pumer pump 104
along with s compressed air source can be nwobile and located where needed. For example, as
described above, the primer pump 104 and the fluid source 162 can be remote from the welistie for
apphications for bydraulic frachuring Becaose the poower pump 104 can be preamatically powered,
there can be less covironmentally impact i there s anvair leak. Also, because the Bguid additive
pump 108 is pooed by the primer punp 104 and sopphied with the fliid via a closed system, there
can be reduced mairienance and downtime 1p comparison o configirations wherern the liguid
additrve purap can run dey if the bguid additive pamp dogs vot remain privaed.

{8033] FIG. 2 depicts a schematic diagram of a svstem application that includes a doal pug
configaranon, acoording 1o some embodiments. FIG. 2 depicts a schernatic diagram of at feast part of

a surface weilbore fhad treatmment (SWEFT) systent 200 that includes a dual pump configuration. The
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SWET system 200 outputs a hydranlic fracturing floid 220 o be input indo a wellbore for downhole
frachuring operations. An example wellbore appiication using the SWFT system 208 is depicted in
FIG. 3, which is forther described below,
{343 The SWFT syeiont 200 1ocludes the dual pump configuration as depicted in FIG. | which
5 comprises the priver pump 104 and the Hgoid additive purop 108, To this example, the bauid additive
pump 108 and the compressed air scurce 196 are part of a blender 202, Also 1o this example,
chemical ies 208 are the fuid sowrce that s 10 supply a chemical thed for pumping by the doad
punp configrration.
{351 Cutpot from the chemdcal totes 268 is comnected to the fuid indet of the primer purap 104
10 wisa chenvcal hose 203, The fhnd oudet of the primer pump 104 iz connected to the fhud infet of the
figuid additive pomp 108 via a chemical hose 204, The power indet of the primer pammp 104 18
connected o the compressed air source 100 via an air hose 200, Although not shown, the blender 202
can mnchude the flowmeter 110 that is to recetve the chemical fhud prior to the chemical fhind baing
input into the blender 202, Additionally, the primer puny 104 can iichude the oycle counter 4, ard
15 the computer device 120 can be communicatively coupled to the flowmeter 110 and the cycle counter
P14 {as depicted in FIG. 1)
180361 Fhuid flow operations of the SWFT system 200 are siyoifar to the floid flow operations
descobed above i reference to FIG | The chemical fhud flows from the chemical toles 208 1o the
primer puop 104 via the cheoucal bose 263, After being pneumatically powered from the air
20 suppled from the compressed air source 106 via the air bose 206, the pdoer pemp 104 pusps the
chemical flamd to the bauid additive pomp 108 via the chemical hose 204, In response, the chemdcal
hose 204 prines up o the pressure used {o power the primer purop 104, In tury, the priveer pump 104
stalls until the hgumd additive pump 108 is inoperation. 1o patticular, the primer pomp 104 can stalt
until a difference between a pressure at the outlet of the prisner pump 104 and the prossure at the inlet
25 of the primer pump 104 exceeds a pressure differential threshold, Once siarted, the Hauid addinve
pump 108 pumps the chemical liguid received from the primer pump 104 out from s outlet. The
chemical fhud output from the Hgud additive purap 108 can flow through  flownmeter (as descnbed
above in reference to FIG. | poior o being tnput info an indet of the blender 202
fHO37) The blender 262 roceives the chemical fluid from the Hquid additive pump 108 and
30 proppants 218 The blender 202 blowds the chernical fhud with the proppards 28 o form the
bydraukic frachwring fluid 220, The blender 202 cutpuois the bydmolic fraacturing fuid 22¢. o some
crabodiments, the Meoder 202 can be twe blending uoits coanected 1o series. The first blending wnid
can add a gelling agent to the chemdcal floid recetved o the Hgmd additive prrap 108, The second

blending ynit can then add a proppant {0 this combination of the gelling agent and the chemical flnid.

(42
25

3R] I some instances, the SWET system 200 15 used at a wellsite where there 18 Himited space
arovnd the wellhead, The blender 202 can be closely positioned near the welthead, while the

chemical totes 208 can be remote from the wellhead, The primer punp 104 can be added proximate
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to the chemical totes 208, Thus, a kength of the chemical hose 204 can be longer than a length of the
chemical hose 203, For example, a ratio of a length of the chewicsl hose 204 to a length of the
chemical hose 203 can be 2001, 2501, 3011, 4011, cic. For instance, a length of the chendcal hose 204
can be 100 feet, while a length of the chenical hose 203 can be nwch shorter{e g, five feet)

5 i3IS FIG. 3 depicts a flowchart of operations for creating and operating a dual purp
configumtion, according to sooe embodieenis. Uperations of a flowchart 300 are described in
reference 1o the syster 100 of FIG. 1. The operations of the flowchart 300 start at block 302,

RIZSH At block 362, a fluid 1nlet of a primer pump s connected o a fhad outlet of a fluid souree
via a thid conduit. For example, with reference 10 the systep 100 of FHG |, 2 fhaid outlet of the floid
10 source fs connected to a fhuid inlet of the primer pump 104,
{00411 At block 304, a proumatic power inlet of the primer pump is connected (o a ppenmatic
power source. For example, with reference to the system 100 of FIG. 1, the preumatic power wlet of
the primer pump 104 15 connected o the compressed air source 166,
{0642} At block 306, a fhuid outiet of the prirser pump is connected 1o a Hluid indet of a ligud

15 additive pump. For example, with reference to the systom 100 of FIG. 1, the {luid outlet of the primer
pump 1604 is connected o the finid inlet of the higuid additive pump 108,
1043 At bleck 308, a flund outlet of the ligeid additive pump 18 connecied to a floid mict of a
flowmeter, For example, with reference {6 the system 100 of FIG. 1 the fluid outlet of the Haud
additive punp 108 is connected 1o the fluid inlet of the fowrseter 110,

200 06441 At block 318, a power inlet of the hquud additive parep is connected 10 a powst sowrce.
For example. with reference 1o the systera 100 of FIG. 1, the power indet of the hgud additive prunp
103 can be conpected o an electrical power soutce.
86451 Atblock 312, output of corapressed aty from the pneamatic power sowres 1o power the
primer pump is imtiated. For example, with reference to the systame 100 of FIG. 1, the compressed air

25 source 106 can be powered on to initiste output of compressed air o the primer purap 104, In

the fluid flow 122 from the Thaid source 102 can be imtiated by pump operations by the puner pump
104,
{8046} At block 314, power is supplicd from the power source to the lignid additive pomp. For
example, with reference to the systern 100 of FiG. 1, 2 power button onthe Banid additive puop 108
30 can be pressed or selectod to power on the liguid additive pump 108, Operations ai lock 312 and 34
are at least soree of the operations 1o rdtiate fiuid flow tuongh the dual puop configueation. Other
gperations can inchide supplving power to the flowmeter 110 and the ovele courder 114 I the dual
pump configuration s part of a hydraulic fracturing operation, other eperations can include supplyving

power {o the blender, supplying power to other pomps or devices used to sapply vartous proppards to
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the blender, elc. Alse, if vehire output from the bauid additive pumnp is being validated, operations

can alse inclade commuanicatively coupling the flowmeter 110 and the cycle counter 114 {o computer
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device 120, Additionally, operations for validating the volome ouiput from the Hguid additive purap
108 by the computer device 120 are depicted in FIG. 4 {descubed below),
804 7] At block 316, a determrination is made of whether purnping operations are complete. For
example, with reference fo the systern 100 of FIG. 1, pumping operations can be compleic afier thewe
3 is 0o fhid remaining in the fluid soorce 102 1o pump. In another example, punping eperations can be
compleier afier a defined ime porind. For hydranlic fracturiag operations, pumping oporations anc
complete after persouned shut dovwn output of hydraube fractonog fhid bewng output frorn the biender.
Hpumping operations are rof corpplete, operatons of the flowchart 300 rerpatn at block 316 to again
deterrmine if pumping operations are coraplete. I pumping opemabtions are complete, operatinns of the
10 fowehart 300 contme at block 318
{048} At block 318, the primer pusnp is reversed fo retumn Huid back {o the fhuid source that is
remaining 1 the fhad conduit between the hgqud additive pump and the primer pump and the conduit
between the primer puinp and the thad source. For example, with seference to the system 100 of FIG.
i, the primer puny 104 can roverse s pump operations fo pump the fluid back 1o the fluid source
i3 102, This can inchide the finid remaining in the conduif between the Hguid additive pump 108 and
the pumer pump 104, Thad rematung in the powmer pump 104, and finid rersaining in the conduit
between the prioer purop 104 and the fluid sovrce 102, Operations of the flowchan 300 are then
coraplete.
1B803:49] Operations for validating volome outp of the ligwd additive pump during the pumping
20 opemations are now described in reference o FIG. 4. These operations for validating can be pedormed
at least partially i paratiel with some of the operations depicted in FIG. 3. Forexample, these
operations for validating can be performed at any point after operations at biock 312 but priorto
pumnping operations berng coraplete after block 316,
[B030] FiG. 4 depicts a Hlowchart of operations o validate operations of the bauid additive pump
25 of the dusl pamp configieation, according o some embodiments. A flowchart 400 is described with
reference to the systern 160 of FIG. 1. Operations of the flowchan 400 can be performed by software,
frpwware, hardware or a combination thereof, Operations of the fowchart 460 can be performed
periodically or at any point duning operation of the dual pump configurmtion. For example, oporations
of the flowchart 400 can be pedormed during a hvdrantic fractuning operation, as depicted in FIG. §,
30 which is further descabed below. Operations of the flowchart 400 stag at block 462,
{0813 At block 462, a {otal vohume outpnt for a defised time perind is meerved froma
flowmeter that is connectod to a Thud ootlet of a hauid additive pump. For example, with reference o
FIG. 1, the computer device 120 receives a total boguid volome for a defined thme perfod from the

flowrnater 110, For exaraple. the computer device 120 can guery the Howmeter 110 for the total

(42
25

hauid volome that the flowmeter 110 raeasored for a grven time period (e, one second, two

scconds, 10 seconds, 30 seconds, one minute, oo} Aliernatively, the flowrate can be transmitied (o
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the computer device 120 inreal time. The computer device 120 can then defermine 5 toial flow
volure,

{0821 At block 464, a total mumber of pump cyeles for the defived time period is reeeived from
a oyele counder that is counting the number of pump cyeles of a priner poop. For exareple. with

reference to FIG, 1, the computer device 120 regcives a total nurnber of purap ovcles for the defined

e peried from the ovele courder 114 The computer device 128 can alsc guery the cvcle coonter
114 for the otal murber of pump cvcles of the primer purap 104 for the given thme perind.
Adternatively, a pulse generator op the privaer punp 104, wherein cach pulse corresponds to a pump
cycle. The pulses can then be transiatied inoreal time o the compuder devies 129, The coraputer
device 120 can then determune the total namber of pomp cycles. Also, while deseribed 1n reference to
mordtonng a full pump cvcle, in some embodiments, the primer purmp 104 can be monitored af a {iner
resolafion. For example, the cyele counter 114 can monitor each half pump cycle, cach quarter pump
cyele, et

{8053} At block 406, an amount of hguid volume per pump cycle for the prirmer punE 5
deternaned. For example, with reference to FIG. 1, the computer device 120 detormings or retricves
an amound of higuid volurne per purap eyele for the primer purap 104, For instance, the computer
device P20 can reivieve a hguid volume per pump ¢ycie for this particular pooer purnp from a
database stored on a lucal or reroote machine-readable medinm. The compuier device 130 can
retrieve a Hgwd voluree por pumap cycle from a database based on the mamifacturer and model
number for the primer purnp 04, In some embodinernts, the compuier device 120 can eceive an
amount of liguid volume per puimnp cycle for the primeer pump 104 vig user tnpud (2. g, fnpud from fleld
personnel).

6541 At block 408, a total volome output for the defined time penod from the fluid outlet of the
primer pump is determined. For example, with reference to FIG. 1, the computer devica 120 can
determine the total vohime being pumped by the primer pump 104 {or the defined time period by
mwitipiving the Hguid volume per pump cycle for the primer purnp 104 by the munder total nunder of
pump cyeles tracked by the cvcle counter 114 for that defined time period.

B085] At block 410, a determination is made of whether the Liquid additive pump i operating
correctly. For exaraple, with reference to FI5. 1, the compuier dovice 120 can make tlas
detepaination based on whether volume ooipud from the hquid additive purep 168 18 correct The
compuier device 120 can compare the total volume boing pumped by the primer puyop 104 for the
defined tioe periad (total volume A) 1o the total volures measured by the flowmeter 110 during the
same defined e penod (otal volume B). H the difference between total volume B and total volume
A 5 less than a floid differential threshold, the compater device 120 determmnes that the bauid
additrve purap 103 18 operatng correctly. Oyperations of the flowchart 400 are complete 1o this

situation. However, if the difference between fofal volume B and tomml volume A 15 greaior than a

{0
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flnid differential threshold, the computer device 120 determines that the banid additive pump 108 s
operating incorrectly. Operations of the flowehart 460 continme at block 412 1o thus sttuation.

B086] Atblock 412, action{s) 1o comrect operation of the hguid additive punip 15 intfiated. One
or maore actions can be perdormed. For exarmaple, with reference to FIG. L the computer device 120
can transmit a notification of the potential issue o ficld personnel and/or personnel not oo site. The
computer device 126 can activaic an alamm {(visual, aodic, ¢i¢.). To seme embodiments, the volune
flow can be adjosted to atterapt to resolbve this 1ssue. For example, the amount of volome per upit of
tiine bewng pomped by the hauid additive pomp 108 can be adjusted (e g, reduce or increase). In
some sipations, the notification ov alarm can stall the operabong of the pumps. Field personoel can
also attempt to resolve by changing either or both of the primer pump 104 and the lguid additive
pump 108, Additionally, field personnel can attempt (o rosolve the issue by stopping the pump
operations and cleaning the condimte/hoses 1n the dual purmp configuration. Operations of the
flowchart 400 return back to block 402

{657} FI(3. 5 depicts a schematic diagram of a wellbore and a suviace wellbore fhud treatnent
systeny, according 0 some embodiments. FIG. 5 depicts an operating envirenment that comprises 2
wellsite 500 that includes a wellbore 515 penetrating s sublerranean formation 525 for the purpose of
recovering hvdrecarbons, storing hvdrecarbons, disposing of carbon dioxide, 1necting welibore
servicing floids, or the bke. FIG. 3 also depicts a sudace wellbore Thaid treatment (SWFT) system
314, a wellbore servicing apparatos 340 de.g., a downhole oo} or appanatuss, or a combination theweaf
raay be deploved.

{B038] The SWET gystern S0 for the weatment of a weltbore servicing flad {WSF) and/or a
coraponent thereof (e, water) {s deploved at the wellsite 50C and s thiidly coupled t0 the wellbore
515 via a wellbead 368, The wellbora 513 may be drilled into the soblerranean formation 5325 asing
any suitable drilling technique. In some embodiments, a dnfling or servicing rig 530 may generally
comprise a derrick with a rig floor through which a budar string 535 {e.g., a dnil string; a work
string, such as a segmenied tobing, coiled mbing. jointed pipe, or the fike; a casing string; or
conbinations thereo!) mav be lowered into the wellbore 5§13, A wellbore servicing apparatus 540
configrred for one ot more wellbore servicing oporations (2.8, a comenting or completion operation,
a clean-ont operation, a perforating operation, 2 fracturing operation, production of hydrocarbons,
ci.) yoay be integratod within the tubudar string 535 for the purpose of pedforming one or more
welbore servicing operations,  Additional downhele tools may be inchided with and/or integeated
within the wellbore servicing apparatus 340 and/or the twbelar string 535, for exanple, one or mare
isolation devices 345 (for example, a packer, sach as a swellable or mechameal packer) raay be
positioned within the weltbore 315 for the parpose of isnlating a porton of the wellbore 515,

391 The delling or servicing rig may be conventional and may coraprise a rontor driven winch
and other associated equipment for lowenng the mbular stnng 5335 and/or wellbore servicing

apparatues 340 into the wellbore 515, Altematively, a mobile workover rig, 2 wellbore servicing amit
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{c.g., cotled tubing units), or the like mayv be used {o lower the mbudar string 533 and/or wellbore
servicing apparatus 540 into the wellbore 515 for the purposs of pedorming 2 wellbore servicing
Qperaton.
LRI The welibore 515 may exdend substastially vertically away fro the canb's surface 330
5 over a vertical welibore portion, or may deviate at any angle from the earth's surface 350 overa
deviaied or borizontal wellbore portion. Alteratively, portions or substantially all of the wellbore 515
tay be verlical, devialed, horizounial, and/or carved. Insome nstances, a portion of the tibular stoog
533 may be securad o position within the wellbore S15 in a conventional manner using cement 335
Adternatively, the tubudar string 535 may be partially cersented in wellbore 515, Aliernatively, the
10 robudar string 335 may be sncemented in the wellbore 515, The tubular string 533 can inchde two or
more concentrically posifioned strings of pipe {e.g., a first pipe siving such as jointed pipe or coiled
tubing may be posiioned within a sccond pipe string such as casing cemented within the wellbore), Tt
is noted that although FIG. 5 may oxemplify a given operating environment, the principles of the
devices, systemns, and nwethods disclosed may be sinularly applicable in other operational
15 environments, such as offshore and/or subsea wellbore spplications,
{8661} The SWET systerm 510 can be coupled to the wellhoad 560 via a conduit 365, and the
welthead 560 may be compected o {o.g., fhiidhy) the tubudar staor 335, In vanicus embodimenis, the
tubular string 535 may corpprise a casing sinng, a liner, a production tubing, coiled tubing, a dulling
string, the like, or combinations thereof, The wubular string 535 may exiend from the carilvs surface
2 350 downward within the wellbore 315 to a predetermined or desizable depth, for example, such that
the wellbore servicing apparatus 540 & positioned substantially proximate o a portion of the
subterranean formation 525 to be serviced {e.g., into which a fracture 570 is 1o be wntroduced). Flow
arows 530 and 573 indicate a wute of fhdd commumicaton from the SWET system $10 10 the
welthead 560 via condint 5635, from the welthead 566 to the weflbore servicing apparatus 540 via
25 tubular string 333, and {rom the welltbore servicing apparatus 340 into the wellbore 5135 and/or into
the subterrancan formation 525 {¢.g.. o fractures 570). The wellbore servicing apparatus 340 may
be confignred fo perform one or more servicing operations, for example, fracturing the formation 523,
hydrajetiing and/or perforating casing (when present} and/or the formation 525, expanding or
extending a ffuid path through or info the subterranean formation 5325, producing hydrocarbons from
30 the formation 525, orother servicing operation. In soms crbodineids, the wollbore sorvicing
apparatus 340 may comprise one or more ports, aperbures, nozzles, jets, windows, or corbinations
thereof cuitable for the communication of fhid from a fliowbore of the twubolar string 535 and/or a

flowbore of the wellbore servicing apparatas 340 o the subtermancan fonnaton 525, lu some

embodiments, the wellhote servicing apparatus 340 is actnatable (e g, opened or closed), for example,
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comprising a housing conprising a phurality of housiog pors and a sleeve being movable with respect
to the housing, the plurality of housing ports being selectively obhstructed or unohstricted by the

shding steeve 50 as to provide a Huid Howpath 10 and/or from the wellbore servicing apparatus 540
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into the wellbore 5135, the subiermanean formation 323, or combinations thereof In soms
erabodiments, the wellbore servicing apparatus 544 may be configurable for the perdormance of
mwitipie wellbore servicing operations.

7

[a062] In some eobediments, the SWET svsien 310 nchudes the dual pump configuration
depicied in FIGS. -2 for providing a chemical fliad as 1oput 1nto a blender that {s to ouiput a
fracturing fluid for hydraulic fractunng aperations downhole via the conduit 565, For example, 7
WEE, such as a particke (e.g., proppant) laden floid (e g, & fractuoing fhud), may be wtroduced, at a
refatively bigh-pressure, into the wellbore 513, The particle lades flnids may thes be introduced into
a pottion of the subtermnean formation 525 at a rate and/or pressare sulficient o imbate, create, or
cxtend one or more fractures 570 within the subterrancan formation 325, Proppants (e.g., grains of
sand, glass beads, shells, coramic particles, ¢, may be mied with the WSF, for example, so as o
keep the fractures open {e.g., 1o "prop” the fractires) such that hvdrocarbons may flow info the
wellbore 515 50 as o be produced from the sublerranean formation 525, Hydraulic fracturing may
create high-~conductivity fivid commumnication botween the wellbore 513 and the subicranean
formation 525, for example, to enbance production of Thiids (¢ .g., hvdrocarbons) from the formation
{08663} FIG. © depicts an example computer device, according o some embodiments. The
computer device rochudes a processor 601 (possibly including muliiple processars, multiple cores,
roultiple nodes, and/or implementing molit-theeading. etc.). The compuier device includes memory
607, The memory 507 may be system oerooy {8.g, one or more of cache, SRAM, DRAM, zero
capacitor RAM, Twin Transislor RAM, ¢DRAM, EDO RAM, DDR RAM, EEPROM, NRAM,
ERAM, SONOS, PRAM, et or any one or more of the above already descnbed possible realizations
of machine-readable media.

86641 The coraputer device also cludes a porsistent dala storage 609, The peeustent dala
storage 609 can be a hard disk drve, such as magnenc storage device. The computer device also
inclodes a bus 603 {e.g., PCL ISA, POL-Express, HyperTranspont® bus, InfindBand® bus, Nubus,
oic.) and a network interface 603 {e.g., a Fiber Channe! inferiace, an Ethomet interface, an intornat
small computer system interface, SONET interface, wireless interface, ote.).

{B065] The compuier device also includes a validator 611, The validator 611 can perform
validation of oporations of the higuid additive pump, as descnbed above,  Any one of the previously
described functionalitics may be partially {or entirely) implerseniced in hardware and/or on the
processar 601, For example, the funciionality may be implersented with an application spectfic
tdegrated circudl, in logic inxplemented in the processor 661, ina co-processor on a peripheral device
or card, ete. Furher realizations may inclade fower or additional comporents vot ilostrated in FIG.
6 {e.g., video cards, audio cards, addivonal network imerfaces, pedpheral devices, etc ), The
processor 601, the network interface 605, and the persistent data storage 609 are coupled to the bas
603, Ahthough ilfastrated as being coupled to the bus 603, the memory 687 may be coupled to the

processor 601
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{3661 The flowcharts are provided 1o aid v understanding the illustrations and are noi fo be
used to lumnit scope of the claims. The flowcharts depict example operations that can vary within the
scope of the claims. Additional operations may be performed; fewer operations may be performed;
the operations may be perfermed 1o paralic and the operations may be perfonmed in a differsnt onder.
It will be noderciaod that at least some of blocks of the flowchart tlustrations and/or bieck diagrams,
andd combinations of blocks in the fowchart iHustrations and/or block diagraras, can be aplomented
by program code. The program code may be provided to a processor of a general purpose compier,
special purpose computer, or other programmable machine or apparatus.

{8067} Ag will be appreciated. aspects of the disclosure may be cmbodied as a system, method or
program code/instnictions stored in one or more machine-readable media. Accordingly, aspects may
take the form of hardware, software (nchuding Srmware, resident software, nucro-code, ¢ie.), or a
combmation of software and hardware aspocts that may sl generatly be reforred 10 horein as s
“oircait,” “modele” or systern.” The functionalisy presented as individual modules/units in the
cxample iHusimtions can be organized differently in accordance with any one of platform {oporating
system and/or hardware), application ccosysiers, interfaces, programmer preferences, programming
langnage, administrator preferences, oic,

HENH Any combination of one ¢r reore reaching readable medinmds) may be viilized harcin,
For example, the comgpuier device 120 of FIG 1 canuse any combination of ong or more raaching
readable mediom(s) for storage of program code (¢ validate eoperations of the hguid additive pump
105, storage of databases that inciude the aroount of vohume per pump cycle for differcnt types of
primer pumps, etc. The machine wadable medivm raay be a wachine readable sigual ruedivm ora
machine readable storage medinon. A machine readable slorage medinm may be, for example, but pot
timted to, a systera, appatatus, or device, that enaploys any one of or combinaton of electronic,
magnetic, optical, electiomagnetic, infrared, or semiconducior technology 1o store program code.
Maore specific examples (a non-extaustive Hst) of the machine readable storage medium would
include the following: a2 portsble computer disketie, 5 hard disk, a mndontaceess mernory (RAM). &
read-ondy memory {ROM), an erasable programmuabie read-only memory (EPROM or Flash memory),
a potiable compact disc read-ondy memory (CI-ROM}, an eptical storage dovice, 3 meagnetic storge
device, ot ary suitable combination of the foregoing  In the context of this document. 4 machine
readable storage roedium may be agy tangible rmediom that can contain, or store a program for use by
or in connection with an insiniction execuiion system, apparatus, or device. A machine readable
storage roedium is not a maching readable signal meedivrm,

[8069] A machine readable sigoal medinm may 1nclude a propagated data signal with machine
readable program code ewbodied theretn, for example, in baseband or as part of a carvier wave. Such
a propagated signal may take any of a variety of forms, inchiding, but not Humted to, electro-magnence,
optical, or any suitable combinaton thereof. A machine readable signal mediim may be any machine

readable medivm that 1S not a machne readable storage modinm and that can commpunicate,
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propagaie, or transport a program for use by or in connection with an insiniction execution systent,
apparatus, or device,
T Program code embodied on a machine readable medivm may be ransmitied using anv
appropriate modium, including but ool Bmited (o wireless, wireline, optical fiber cable, BF, otc, or

5 any suiable commbination of the foregoing. Compuier program code for caryiog out operations for
aspects of the disclosune reay be wotien in any corabination of ong or mor progranming lanpuages,
inchiding an object oriexded progravmming language soch as the Java® prograroming language, O+
or the lke; a dvnamic programming language such ag Python; a scripting language such as Perd
programming language or PowerShell seript language; and conventional procedural programmmng

Tt

10 languages, such as the "C" programming language or similar programming languages. The progrm
code mav execute entirely on a stand-alone machine, may execute in a distributed manner across
multiple machines, and may execute on one machine wiile providing resulis and or accepting mpwt
o another maching.

{0671} The program code/insinuctions mayv also be sfored in 3 machine readable medivm that can

15 direct 2 maching to function in a pagiculsr manner, such that the instructions stored in the maching
readable medinm produce an aticle of manufacture including instnctions which unplenerd the
function/act specified in the flowchart and/or block diagram block or bloecks
IBG72] While the aspects of the disclasure are described with reference to varions
implernentations and exploitations, 1t will be uodersicod that these aspects are ilustrative and that the

20 scope of the claims 8 oot Hmited o them. I general, technigues a dual pump cordiguration as
desenbed berein may be tmplemented with facibbies consistent with any hardware systern or hardware
systems. Mapy varatons, modifications, additions, and uproveraenis are possible,

F6G7 31 1o sorope erohodiments, an apparatus inchides a ponmer pump having a preumatic powe
indet, a flnid indet coupled 1o receive a fluid from a fhid source and a fhyid outiet 1o outpyt the fhind in

25 response to a pressre at the fhnd outlet being loss than a pressure af the pnewmatic power indet. The
apparatis can alse inchude a Banid additive prump having a fhaid infet conpled {0 the fluid outlet of the
primer pump 1o receive the fluid, wherein the primer pump 5 1o apply a positive prossure at the fhad
infet of the Hauid sdditive punyp. The prner pump can be a pocumatically powered, dual diaphragm
pump. The pueumatically powered, dual diaphragm purnp cab inelude 5 oycle counter that s 0

30 increment a courdor vatue affer at keast one of cach pump ovele and cach haif puowp ovele. The
preumatically powered, dual diaphragre pump can ootput & pump oyele volome of the fluid thwongh
the fhad outlet for at Ieast one of each purap cvele and each half pump cycle. A compuicr device can
be comunpmcatively coupled to the apparatus, wherein the corapater device coraprises & processor and

4 roachine-readable medhim having program code execotable by the processor to cause the computer

(42
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device to defermine a veluroe output from the fhuid outlet of the prewmatically powered, doal
ciaphmgm pomp during a defined gme poriod based on the counter value and the pump ovele vohune

of the fhid m at least each pump cvcle and cach half pump cvele. The apparatus can further inchude a
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flowmeter that is coupled o receive the Thaid being ouiput from the fhud outiet of the pumer pump,
wharein the flowmeater i to measure 3 volume output from the flnid outlet of the primer pump duting
the defived time period. Also, the program code comprises program code execniablie by the processor
to cause the compreer device o validate operation of at kkast one of the Hgmd additive purap and the
flowmeter, in response o a difference between the volume outpud fron the flnid outlet of the
preumatically powered, dual diaphragre pump and the volome ootput measured by the flowmeter
during the defined tiroe pertod being within a volume differential theeshold

741 The pueumatically powered, dual digphragrn pump can inchide inclodes a pulse generator
to generate a pulse after each purap oyvele, wherein the previuatically powered, dual diaphragr pomp
i fo output a pump cycle voheme of the fhud through the floid outlet for cach pamp cycle. A
computer device can be communicatively coupled o the apparatus, wherein the computer device
comprizes a processor and a machine-readable mediam having program code excaable by the
processor o cause the computer device to deternune a volume output from the thud outlet of the
pnenmaticaily powered, dual disphragm pump based on a number of pulses generated and the pump
cvele volume of the flnid in each pump cycle. The apparatus can funther include a flowneter that is
coupled {6 receive the fluid being output fron the fuid outlet of the primmer purap, wherein the
fowreter 15 10 meacuw a vohume cutput from the Thind owtiet of the prirmer pump. The program cade
cah Conmprise program code excoutable by the processar io canse the computer device 1o validate
operation of at least one of the liguid additrve purp and the Aowmcter, in wesponse o a difference
between the vohume ouiput from the floid outlet of the prevmatically powered, dual diaphrago ponmp
and the vohise cutput measured by the flowmeter being within a volume differential threshold
{B8G7S] 1o soroe erohodiments, a systen includes a prowmatically powered purop having a
posumatc power indet, a thed inlet coupled to receive a chemdeal flwid from a chermeal fhid source
and a flaid outlet {6 outpot the chenmcal thid in responsc (0 a prossure af the fhid outlet being less
than a pressare at the preumatic power nlet. The systemn can inchude a blender that comprises a
bgquid additive pump baving 2 fhud inlet coupled (o the fluid outlet of the proumatically powered
pump o receive the chemical fluid, wherein the pnenmatically powered pump i5 o apply a positive
prossure at the flmd indet of the Lguid additive pump. The blender can also include a plarality of
inlcis, wherein ong of the piumim of inlets 15 coupled 10 a finid outlet of the Hauid additive pump o
recetve the chermical fhuid. The blender ¢an also include an outlet o ootput a bydraulic frachuring
fluid via a condwit for a downhole hydravdic fracturing operation. The preunatically powered pump
can be a pocumatically powered, dual diapheagm purap. The pacomatically powerad, dual diaphragm
punp can inchide a cycle counter that (s to incrernent a courder valoe after at least one of cach punp
cycle and each balf pomp cvcle, wherein the paeumatically powered, dual diaphragm pump 18 to
ouipnt a purp cycle vohove of the chemical fhid dwoogh the outlet for at least one of each puwap
cycle and each half pump cvcle. The sysiem can also inclade a computer device that is

commuricatively coupled fo the pneamatically powered, dual diaphragm pump. The computer device
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can inchide a processor and a maching-readable medium having program code excentable by the
Processor o cause the computier dovice 1o detorming a volume output from the nid outiet of the
preumatically powered, dual diaphragie punp during a defined time period based oun the counter
valne and the purap ovele vohume of the cherncal flhid 1o at least one of each pomp ¢vile and cach
5 half pump cvele. The system can inchede a flowmeter that (s coupled 1o receive the fluid being ovtput
front the flnid outlet of the provwmatically powered, dual diapbragm poop, wherein the flowacier s to
measure a volume outpi from the fhuid cotlet of the poevmatically powered, dual diaphragrs pump
during the defined tiroe period. In the systery, the machine-readable medhirn comprises prograit cod
excoutable by the processor to cause the computer deviee to validate operation of at least one of the
10 houid additive pump and the flowmeter, in response to a difference between the volume output from
the thd outlet of the poeumancally powered, dual diaphragme pump and the vohime ouiput measured
by the fowmeter during the defined timpe period being within a volume differential threshold.
{0761 In the system, the pnoumatically powered, dual daphragm pornp can mchude a pulse
goncralor 10 gencrate a pilse aftor cach pump oyele, wherein the preunatically powered, dual
15 disphragm pump is to output 8 pump oyvele volune of the fluid through the fluid outlet for each pump
cvele, The svstom can include a computer dovice that comprises a procossor and a machine-readable
roedrom baving program code ¢xecntable by the processor iy canse the system to determing a volonk
output frore the fhud ootlet of the poewnatically powered, dual diaphragm pump based on a nombey
of pulses rererated and the pusp cvele volome of the fluid in each pump ovele. The system can also
26 include a Bowmeter that {s coupled to measwre a volome sutput feom the fhuid outlet of the
posumatcally powared, dual diaphragm purnp. The program code can inclpde program code
execotable by the processor to cause the system to vahdate operation of at least one of the hauid
additive pump and the flowmeter, 18 response to a difference between the velume nutput from the
thiid ontlet of the proumaticatly powered, dual diaphragm pump and the volume outpit measared by
25 the flowmeter being within a volume differential threshold.
{677} In some embodimonts, a method inchudes copnecting a fluid inlet of a dual disphragm
pump to 5 chemical fhuid source with a first fluid conduit. The method can also include connecting a
fluid outlet of the dual diaphragm pump to a fhuid inlet of a ligmd additive purep with a second fluid
conduit. The method can inchide commecting 2 fiuid outlet of the Hguid additive pump to 2 Thud miet
3G of ablender. The method can alse include connecting an oudlet of the blender to a tubular string ina
welbore with a thivd fleid conduit. The reethed can also inchude intiating a hydraslic fractunog
operation of the welltbore using a hydranlic fractugog fhud that s sutput from the bieoder and that 1
based, at least 10 part, on a chemdcal fuid from the chemical flad sowce receved via a fhuid ootlet of

the liguid additive pump. Inbating of the byvdraglic fractiring operation can inchide preamatic

(42
25

powering of the doal diapbragm pomp through a prewnatic power 1niet of the deal dapbragm pamp,
wherein in response 0 pneuratic powering of the dual diaphragm pump and in response 1o a pressare

at the fhad outlet of the doal disphragm porep being less than a pressure at the proamatic power indet,
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the chemical fluid flows from the fhud ontlet of the dual diaphragm to the fhud inlet of the Ligmd
additive pump 1o prime the banid sddiive punp.  Initiating of the hyvdraubic fracturing operation can
also inchade powetning the liguid additive pump, wherein in response 1o powering the banid additive
pump. the chernical fhuid 1s ovipat Froa the Hgwd additive purop and inlo a fhad olet of the Meoder.
5 Imtiatiog of the bydulic frachiring operation can inchude poweniog the blender to votput the
bydeaglic fracturing fluid foom the outlet of the blender. The dual diaphmagm purop can include a
cycle connter, wheretn the rethod can inclode commumicatively coupling the cyvcle counterio a
computer device. The method can also mctude connecting a flowmeter to receive wd oulpat from
the flnd outlet of the doal diaphragm pomp and commumicatively coupling the flowmeter to the
10 compuier device. The method can also inglude retneving, by the computer deviee, a counter vatue of
the cyele counter during & defined time period and a pump cyele vohune of the chemical fluid ineach
pump cvcle of the dual diaphragm pump. The method can then include deternumng, by the computer
device, a first volume ountput from the thad outlet of the dual diaplyagm pump doring the defined time
period based on the courder value and the pump cycle volune of the chemical fhuid in each puop
15 cvele of the dust disphragom pump. The method can also include measuring, by the flowmeter, a
second volome output from the fhud outlet of the dual disphragm purep during the defined tinwe
perind. The method can inchide retrieving, by the computer device, the second vohume ouipet. The
raethod can alse inchude validating, by the corputer doviee, operation of at least one of the bguid
additive punp and the flowmeter, 18 response 1o a difference between the ficst volome oviput and the
20 second volume outprd being withie 3 volome d8ferential Gueshold,
{BG78] The dual duaphragre primg cannchude a pulse generator (6 generate a pulse after each
pumyp cycle, wherein the method inclades conuramicatively coupling the pulse gencrator to a
computer device and connecting a flowmeter o receive fnid output from the Muid outlet of the dual
diaphragi pump. The method can also inchide communicatively coupling the flowmeter (o the
25 computer device, and receiving, by the computer device, a mumber of pulses from the pulse generator
ard a pump ovele velume of the chenieal flnid in each pump cvcle of the dual disphragnipommp. The
method can inchude defermining, by the computer device, a first volume outpw from the fhud outlet
of the dual diaphragm pump based on the number of pulses sud the purnp evele volume of the
chemical fhuid in each pump cycle of the dual diaphragm pump. The method can inchade measuning,
3G by the flowmeter, a second vohime ouiput from the fiuid outlet of the dual diaphragm pump and
recetving, by the cornputer dovice, the second volome outprl. The method can include validating, by
the computer device, operation of the Hguoid adduwe pump, tn response to a differsnce between the
first volume outpat and the seoond vohune outpat berng within g vohune differeatial threshold,

{791 Plaral wastances may be provided for components, operations or stractuses descnbed

(42
25

berein as a smingle 1stance. Finally, boundaries between various components, operations and data
stores ara somewhat arbitrary, and panticalar operations are Hlustrated o the condext of specific

illostrative condigurations. Other allocations of funcionality are envisioned and way fall within the

18
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scope of the disclosum. In goneral, structures and functionality prosented as soparate componsnis in
the example confignmtions mav be implemented as a conbined strmchwre or component. Simiarly,
struchires and functionalily prosented as 3 single component may be implemented as sepamic
components. These and other variations, modifications, additions, and improvements may fall within

the scope of the disclosure.
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WHAT IS CLAIMEDR IS
i A apparatus compusing:

a primer punp having a preomatic power mndet, a fluid ndet conpled o weeive a floid from a
fluid source and a floid outlet 1o cuiput the Muid in response 10 a pressure at the faid
cutlet betog less thao a pressuee at the poouwmatic power indet; and

a lignid additive pomp haviong a floid inlet coupled to the fluid ouilet of the privoer pump
recetve the fhiid, wherein the primer purap 18 to apply a positive pressure at the fhed
inlet of the Hagwd additive pump.

2. The apparatas of claun 1, wherewn the primer punp 13 2 preamatically powered, duat
diaphragm pump.

3, The apparatus of claim 2, wheren the ponemnatically powered, dual diaphragm pumyp inchudes
a cycle counter that is to ncremsent a counder value after at least one of cach pump ovele and each half
pump cvele, and wheremn the pnoomatically powerad, dual diaphragm purp 1S 1o output a pump cvele
volume of the floid through the fhud outlet for at least ene of cach pump cyvele and each falf punp
cvele,

4. The apparatis of claim 3, wherein a compuier device is convwmnicatively coupled 1o the
apparatus, wherein the comprder device compuses,

3 pracessor; and

a reachinge-weadable medinm having program code oxeculablie by the processer 1o cause the
computer device to determing a volume outpui front the floid outlet of the
prenmatically powered. daal diaphragm pumyp during a defined time period based on
the counter value and the pump cycle volame of the fluid in at least each puwap cyele

and each half pump cycle.

31

The apparatus of claim 4, further comprising:

a flowmeter that is coupled 1o receive the fhiid being output from the fhaid outlet of the primer
pump, wherein the flowmeter is 1o measwre a2 volume output from the fluid outlet of
the primer pump during the defined time peviod.

&, The apparatus of claim 5, wherein the program code comprises program code execntable by

the processor to cause the computer device to validate operation of at least one of the Houid additive

pump and the flowmeter, tnrosponse to a differsoce between the vohuee ouiput from the fioid outlet

of the pooumatically pows

od, dual diaphragm purep and the volume ouipot measured by the
flowmeter during the defined tiroe pertod being within a volume differential threshold,
7. The apparatus of clawm 3,
wharein the preumatically powered, doal diapbragre pomg inchides a pulse generator to
generate a pubse after each pump cyvele, and wheredn the preumatically powered, dual
diaphragr pump 15 to output a pump cycle volume of the fhud through the fhid

gutlet for cach pump oycle,

20
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wherein a compnter dovice is compmmnicatively coupled 1o the apparatus, wherein the
compuier device cOraprises,

a processor; and
a machine-readable mediurn baviag program coede execuotable by the processer to

cause the compyiar device o deferming a volume outpid from the fhuid
outlet of the pnowmatically powered, dual diapbragra pump bascd on a
naraber of pulses generated and the pump cvcle volume of the floid in
each purap ovele,
wherein the apparatus forther comprises a flowmetar that is coupled fo receive the thiid being
output from the fluid outlet of the priseer pump, wherein the flowmeter s {0 measure
a vohume cuiput fromm the fhaid outlet of the privser pump; and
wherein the program code comprises program code exccutable by the processor to canse the
computer device to validate operation of at least one of the Haoid additive pump and
the flowmeter, in response (o a difference between the vohime output from the flud
cutlet of the poeumatically powered, dual diaphragm puap and the volume omipst
measured by the flowmeter being within a volume differential threshold,
2. A SYSiCm COmprising
a preuratically powered pump having a pnewmnatic pewer 1ndet, 2 fhuid 1o6let coupled to
geceive a chendeal flnid from a chemical f1ud sowrce and a fhuid vetdet to cuipui the

20 chenical fluid in response i a pressure al the fiund outlet being less than a pressuze at

the pacomatc power indet; and
a blender comprising.

a hgund additive punp having a fhiid iplet coupled to the ftuid outlet of the
pneumatically powered puunp o recerve the chemical fluid, wherein the
pneumatically powered puunp is 0 apply a positive pressure at the fhad
inlet of the Hguid additive pump;

a phuraiiy of inlets, wherein ore of the plurality of inlets is coupled to a fhnd
outlet of the Hanid addiive puny o receive the chomical fluid; and

an outiet to ouiput a hydraubic fracmnng fuid via a conduit for a downhole
hydranlic fracturing operation.

3, The syelem of claim 8, whercin the proursatically powered pomp s a poguraatically powered,
dual diaphragm parap.

10 The system of claim 9, whercin the poswmatically powered, dual diaphragr pump includes a
cycle counter that 1s {o increment a counter vatue after at least one of each pomp cycle and cach half

punp evele, and wherern the preumatically powered, dual diaphragm purap 1 fo cutpet a purap cycele

(42
25

vohume of the chemical fhad through the outlet for at least ong of each pumyp oyele and cach hatf

pump cvcle.
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it The system of claim U, further comprising a compuier devics that is commuunicatively

coupied to the preumatically powered, dual diaphragie puny, wherein the computer device

COmprises,

a processor; and
5 a machine-readable medivrn havisg program coede execotable by the processer to caose the

compuier device o determine a volume autput from the fhud outict of the
posruatically powerad, dual diapheagm pump during a defined time perind based op
the counter vahe and the purap cvele vohune of the chermical fhuid in at least one of
each purap ovele apd each half punp cyvele.

G 12 The system of claim 11, fiuther comprising a Howmeter that is coupled to recaive the fhud
being output from the flaid outlet of the pneomatically powered, dual diaphragm purap, wherein the
Howrneter 1S 1o measure a volame outpud from the fuid ontlet of the pronmatically powered, duat
draphragm pump during the defined time period.
i3 The svstem of clatm 12, wherein the machine-readable medium comprises program code

15 oxccptable by the processor to cause the computer dovice to validate oporation of af lcast one of the
Houid additive purap and the flowmeter, in response to a difference between the volume output from
the fluid ovtlet of the preumatically powered, doal diaphragm puop and the volome ootput measored
by the flowmeter dunng the deflined time penod being within a volume differential thieshold,

4 The systern of ¢laim 9,

20 whereis the pocumatically powered, dual diaphragm purop 1octodes a pulse generator fo
generate a pulse after each pomp cvcle, and wherein the poewraatically powered, dual
cdiaphragim pomy 1€ 16 cwipnt a purap ovele vohuone of the Thyid through the flmd
outlet for each purop cycle,

wherein the syvstem farther comprises a computer device that comprises,

25 a Processor;

a machine-readable medivm having program code exccntable by the processer to
cause the sysiem to determine a volime ouiput frony the finid outlet of the
poeumatically powered, dnal diaphragm purep based on a mumber of
puises generatod and the pump oycle volume of the fluid in cach pump

34 cyele; ard

a flowmeter that is coupled 1o measwre a volume outpud front the fluid outlet of the
posraatically powerad, dual diaphragm prep,

wherein the program code comprises program code exeoutable by the processor {o

cause the systern fo vahdate operation of &t least one of the hauid additive

(42
25

purnp and the flowmeter, 10 waponse {o a difference between the volume

output from the fluid outiet of the preumatically powered, dual disphragm
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pump aud the voluree output measured by the flowmeter being within a
volume differendial threshold.
i3 A method compusing:
connecting a fluid mlet of a dual diaphmgm purep 10 a chenvical fiuid source with a first floid
3 conduit;
connecting a fluid outlet of the dual diapheagr pump to a fhuid 1olei of a ligud additive purep
with a second fhuid condwy
copuecting a fluid cutlet of the bguid additive pump to a floid bdet of a blender; and
copuecting an ontlet of the blender (o a tubular string 1 a wellbore with a third {lvid conduit.
16 16 The method of claim 15, Buther comprising:
initiating a hydraulic fracturing operation of the wellbore asing a hydrubc fractanng fhad
that 15 output from the blender and that is based, at leastin part, on a chemical fluid
from the chemical thad source recerved vig a thud outiet of the hapid additive pamp,
wherein initiating the hydraulic frachiring operation comprises,
i3 preumaic powering of the dust disphragm pump through a preumatic power inlet
of the duai dispheagm puyop. wherein in response to pocumatic powenng
of the dual diapheagm pronp and in 1esponse {6 a pressore at the flod
cutlet of the doal diaphragm pomp being loss than a presswre at the
prcumatic power 1alet, the chemical fhuid flows from the fhuid outlet of
20 the doal diaphragm o the flud inlet of the Bguid addittve pump to pooe
the liguid addinve purop;
powering the lgwd addibve purap, wherein in response to poweniog the hauid
additive punp, the chermical fhid s output from the Hagwd addibve purap
and info a thad infet of the blender; and
25 powering the blender to output the hydranlic fracturing fhid from the outlet of the
blender.
i7. The method of claim 16, wherein the dual diaphragm purap includes a cvcle counter, wherein
the method comprises,
communicatively coupling the cycle counier 10 a computer dovice;
34 connecting a flowmeter to roceive flurd oudpunt from the fiuid outlet of the dual diapbiagm
purmp; and
conunanicatively coupling the flowmeter to the compser device,
25 The roethod of clmm 17, further comprising:

retneving, by the computer device, a counter vahie of the cycle counter during a defined thae

(42
25

pertod and a pamp cycle vohome of the chemicat flmd ineach purap oycle of the dual

diaphragrn pump; and
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determining, by the computer device, a first velume owiput front the fluid outlet of the dual
diaphragm pump during the defined tme period based on the counter value and the
pump cvele vohune of the chemical ffuid in cach pump cycle of the dual diaphmgm
rrticion
5 19, The method of claim {8, further comprising
measuring, by the flowrneter, a second volome output from the fhuid nutlet of the dual
diapheagrn pump during the defined time pericd;
reineving, by the computer device, the second volume outpul; and
vabdating, by the compuder device, operation of at least one of the Hywmd addiive purap and
16 the flowmeter, in response to a difference between the first volume output and the
second vohume output being within a vohame differential threshold.
20 The method of clanm 16, wherein the dual diaphragm pump includes a pulse generator 0
generate & pulse after cach pump ovele, wheremn the method comprises,

commurdcatively coupling the pulse generator fo a compuier devies,

13 connecting a Howmeter 1o reeeive fhud output frorm the finid outlet of the dual disphragm
fulition

communicatively coupling the flowmeter 1o the computer device; and
receiviag, by the computer device. a nuwraber of pulses from the palse geoerator ard a pump
cycle volume of the chemical fluid s each pump cyele of the dual diaphragm purng;
20 determining. by the computer device, a first vohune ontput from the fhud outlet of the dual
draphragm pomyp based on the nauber of pulses and the purap cyvele vobune of the
chemical fuid in each pump cycle of the dual diapbragm pomp;
measuning, by the flowmeler. a second vohime owpant from the fuid outlet of the dual
driaphragm pump;
25 receiving, by the compuder device, the second vohume oudput; and
validating, by the computer devics, operation of the lguid additive pump, inresponse o a
difference between the first volume output and the second volume outpiri being

within a volume differential threshold.
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