Materials Injection

Introduction

Recent trends in the environnent al renediation field have been anay fromactive nethods (e.g. punp and
treat) and tovard construction of perneable barriers and injection of naterials that can enhance or augnent
the natural attenuati on and bi odegradati on processes. Grrent research has indicated that injection of
oxidizing naterias or reducing agent s can significantly speed up and enhance the natura bi odegradation of
nany cont amnant s, lead to chenical breakdoamn of the cont amnants, o resdt inthar dteraionto
nonhazardous forns. Interest in direct push techniques has increased significantly for the rened ation
narket due nainly to the ef ficiency of direct push agodicatioms.

Why Direct Push for Materials Injection?

To better underst and wy direct push techniques are well suited for naterials inection, we nust first ook a
the vay in which renediation naterials are applied at a cont amneted site. Mst ful-scde prgect s invdve

nitipleinection locations that are napped out ina grid pattern over the planned treatnent area. A tydcd

grid nay include as nany as 100 or nore | ocations of ten spaced on 10-foot centers. Application depths are
generdly less than 8 feet wththe najority being 40 feet o less.

Fenedi ation naterias nust be applied inthe right location in order to be ef fective. Drect push net hods
endble naterial to beinected at controled depths and flowrates. UWlike nonitoring well applications vhi ch
can only occur wthin the fixed screened interval, direct push inections can be adj usted to cover the ertire
treatnent zone including the capillary fringe and vadose zone.

Inection prgect sd tent ake place on active industria or conmercia sites. Uhder such conditions, care nust
ke t aken to ninimze disturbances to business activities especia ly wen injections are | ocated near
inhabited buildings and on or near busy roads or streets

Drect push nachines are therefore suited to naterias inection for the fdlowng reasons:

e Compact Mchines Provide Enhanced Mbbility e Recise Tageting of Treatnent Zone
- @f-road and |inntedaccess sites - Renediation naterial applied directly to target zone for
- Low overhead | ocati ons accurate placenent over large area
- Indoor areas - Gpillary fringe treated wthout reliance on change in v
te led

e LowSte Inpat
- Mninal disturbance to existing property and e (st HEfidet

curent business activities - Mbility mininizes rel ocation and setup tine
- Nbo cuttings to nove and store onsite - Rpidinstalation alons for nany inections per day
- Does not require installation of pernanent - Nb cuttings to nanage onsite and pay for d sposa
equi pnent .
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View 1. View 2. View 3. View 4. View 5.

Bottom-Up Injection Procedure

Thre najority of inection prgect s today are conpl eted using the bottomup nethod. In this procedure, the
tod stringis driiven drectly tothe battomd theinectioninerva as shominViewl above. The inection
punp is att ached to the top probe rod (View?2) and nateria is inected drectly through the tod string during
retrievd (Views 2-5).

Injection can be perforned in two ways. The first is to operate the injection punp on high speed while slowy
wthdrawng the tod string This overpunping forces naterial out anay fromthe probe hole in a sonewhat
continuous col unm.  The second nethod is to raise the tod string a short dist ance wthout punpi ng and then
operate the punp wth the tod string st ationary. Repeating this pul | -and-thenpunp cycl e creates
overlapping “bulbs” of nateriad that resut in the desired coverage
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Top-Down Injection / Pressure-Activated Injection Probe
and DP800 Injection Pump

Patent Pending

Pressure-Activated Injection Probe
(21479 for 1.5 in. probe rods)
(18735 for 1.25 in. probe rods)

Top-Down Injection Procedure

Top-down injection begins by advancing the tod string tothe top of theinectioninterva. Mterid is punped
through the probe rods while the tod renains staionary. The tod s are then advanced to the next injection
depth and nateria is again punped through the st ationary probe rods. This cycle is repeated to provide
overl appi ng coverage across the ertire inection interva .

Interest intop-dow inection continues toincrease. Wile this wou d appear to be the best injection
rnethod it isnat wthout it sdffialties The nost common problemis clogging of the injection tip during
advancenent of the tod string. The Pressure-Activated Injection Rrobe (18735 alows for either top-down
or bottomup injection of renediation nateria s when using any Geoprobe® grout or inecti on nachine.
Uhl i ke conventional injection nethods, the Pressure-Activated Injection Rrobe ensures accurate pl acenent
o the materid inotheinededinectionineva. The probe aso acts as a backfl ow preventer, keeping
inection nateria INthe ground and not ONthe ground!  The unique internal spodl design of this probe
imsures thet the inection port s donat dogwth sal!
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Bottom-Up Injection / Expendable Drive Point

Tools for Bottom-Up Injection of Remediation Materials
The first nethod of bottomup injection utilized an Expendabl e Roint Hol der (BN AT1215) and Expendabl e
Dive Point (AT4). The point holder threads onto the leading end of st andard 1.25-inch ( probe rods and

isretrieved wth the rad string  The expendabl e poi nt drops fromthe hol der during injection and renai ns
downhol e.

This nethod is still conmon today because of the speed and ef ficiency of the procedure. Thetod stringis
drivendrectly to the bottomadf the inectioninerva using a st andard drive cap. A Injection RIl Gp (AN
16697 or 16698) is then threaded onto the top probe rod and nateria is punped through the tod string as
rods are puled tothe suface for retrievd.

It isimot at thet the ATI4 pant be used for inectionasits L1-inch @is snaller than that of the prabe
ras. This provides tight cot act between the soil and probe rods above the point hol der to ef fedivdy lint
novenent of naterial up al ong the probe rods during injection.

Querators wth 1.5inch D probe rods nay utilize a 1.5 Hn x 1.25 Box Adapter (PN 15812) to connect the
AT1215 Roint Hol der to the | eadi ng probe rod.
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Bottom-Up Injection / SP15 or SP16 Sampler

Tools for Bottom-Up Injection of Remediation Materials

A1l 5inch x 36-inch Hllow Peprobe (AN 17772) is
available for use wth 1. 25inch probe rods when

| eakage occurs aong the rod string.  The 1.5 inch
@ of the preprobe provides tighter cont at
between the soil and probe rods above the
expendabl e point to better sea the rod annul us.

Geopr obe® Syst ens

Page 65

A Sreen Point 15/ Screen Point 16 G oundwat er
Sanpl er (ninus the screen) is sonetines pl aced at
the lead ng end of the tod string for bottomup
ifedion Thisis nest of ten used by operators who
already have an P15/ 16 sanpler in their tod
invertory and do not wsh to stock additiona itens
such as the preprobe or ATl4 points. Because of
the considerably greater cost of the P15/ P16
expendabl e points, it is wseto use probe rods and
AT14 point s for bottomup injection whenever
possi bl e.
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Tools for Top-Down Injection of Remediation Materials

A conmon thought about top-down injectionis tosinply utilize a ported probe rod a the leading end of the
tool string. Geoprobe tested this idea using ported 1. 0-inch x 12-inch and 1. 0-i nch x 24-inch probe rods on
the leading end of a 1.25-inch @ probe rod string. Both 1.0-inch rods were ported wth 0. 25 i nch hol es
spaced approxi natel y every 1.0 inches over the etire length of the rod. Test s reved ed that wth either
length of ported rod, al but the top fewport s becane plugged during driving resuiting in naterial flowony
through these top 3 or 4 ports. Wththisinfornationinmnd, the L2 Anx L0 Bx Inection Rint (AN
17826) was devel oped for top-down injection.

fs shomintheillustration above theinectionpont is driiventothetop of the proposed injection interva
wsing a st andard drive cap. The drive cap is replaced wth an injection pul cap and nateria is punped
through the st a@iaery tad string  The pdl capis then replaced wth the drive cap and the tod stringis
advance to the next inectioninterva where the drive cap is once again replaced wth the pull cap to alow
punpi ng at the new depth.
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Tools for Connecting the Pump to the Probe Rods

The nost inport ant factor to consider when sel ecting a hose and coupler to att ach the punp to the probe
rods is the viscosity of the renediation nateria. Viscous naterials require larger hoses and connections to
keep backpressure at a reasonable level. Lowviscosity naterials can utilize snaller hoses and connecti ons

wich are less costly and physical ly easier to work wth. A few of the nore conmon hose and coupl er
options are listed bel ow

Nte: “Q is the abbreviation for Qick Gnnect.

Hammer latch hooks over Hammer latch hooks over
pull cap. pull cap.

1/2-in. QC Nipple
1/2-in. QC Nipple QC Nipp

Coupler threads onto 1.25-

Coupler threads onto 1.5-in.
in. probe rod pin

probe rod pin
AN 16697 AN 16698
MninumID Approxinately 0.5 i nches. MninumID Approxinately 0.5 inches.
Description: Inection Rl Gp, 1L 25in Rods Description: Injection RII Gp, L5in Rods

1/2-in. QC Coupler

1/2-in. QC Coupler

1/2-in. QC Coupler 3/4-in. QC Coupler
PN GS1051 AN 17946
MninmumID Less than 0.25 inches. MninumID Approxi nately 0.5 i nches.
Description: Hgh-Pressure Gout Hise Asm, 10-ft Description: Gout-Injection Hse, 1/2 @ x 34
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Tools for Connecting the Pump to the Probe Rods (continued)

12MJ
Hydraulic Fitting

Coupler threads onto 1.25-
in. probe rod pin

AN 17219
MninumID Approxinately 0.625 inches
Description: Inection Gupler, 1.25 Rod x 12M

3/4-inch QC Coupler

Length = 12 ft.

Ball Valve
(stops flow when closed)

Coupler threads onto 1.25-in.
probe rod pin

AN 13900
MninumI|D Approxinately 0.625 inches
Description: Gout Hse / Qupler Asm,
wth Vadve fo 1L25in Rods

Geopr obe® Syst ens

3/4-inch QC Coupler

Length = 12 ft.

Coupler threads onto 1.25-in.
probe rod pin

AN 12580
Mn 1D Approxinately 0.625 inches
Description: Gout Hise/ Gupl er Asm,
wo Vave fa 125inch Rods

3/4-inch QC Coupler

Length = 12 ft.

Ball Valve
(stops flow when closed)

Coupler threads onto 1.5-in.
probe rod pin

AN 16888
MninmumI D Approxi nately 0.625 i nches
Description: Gout Hse / Gupler Asm,
wth Vdve for L5in Rds
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Tools for Measuring Line Pressure

Punpi ng pressure can be nonitored using on of the three assenblies shoawn bel ow  Each assentl y
dt aches directly to the punp outl et using quick connect couplers. The grout/injection hose is then
connected to the end of the pressure gauge assenbly.

The pressure gauge is comnected to the end of asmall flexible hose. This hoseis filled wth vater to pratect
the gauge frompunped naterial that would otherwse clog the snall orifice at the base of the gauge. HIl the
hose wth water and nount the pressure gauge on the side of the Gout Mchine belowthe level of the

punp outlet using a Mgnetic Gout Hse Hlder (PN Gl095). This configuration traps vater inthe snall
hose to better protect the gauge. It is still necessary to periodically renove the gauge at the qui ck connect
coupling to flush and then refill the snall hose wth cl ean vater.

A bdl vaveisinduded on two of the assenlies. The val ve enabl es the operator to relieve pressure from
the grout/inection hose before renoving the pull cap or coupler fromthe probe rod string. Gose the va ve
whi | e punping and then open the valve to relieve |ine pressure once the punp is shut of f. Atachfledbe
tubing to the barbed fitting on the end of the valve and route the open end to a suit abl e catch cont a ner .

1/2-in. 3/4-in.
QC Nipple QC Coupler

3/4-in.
QC Nipple

1/2-in.
QC Coupler

AN GS1090 AN 13914
MninmumID Approxinately 0.5 inches MninumID Approxi nately 0.75 inches
Description: Gout Pressure Gauge / Ball Vdwve Asm, Description: Gout Pressure Gauge / Ball Vdwe Asm,
1/2-in. Qick Gnnects wth Vave fo 125in Rods
3/4in. 3/4-in:
QC Coupler QC Nipple \’
Qﬂ:i
t:.:l," 1
1'?—.
=3 - ‘
o
*-lﬂiq; [
AN 13913 AN GS1095
Mninum I D Approxinately 0.75 inches Description: Magnetic Gout Hose Hol der

Description: Gout Pressure Gauge Asm,
34-in. Qick Gnnects
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Pumping Remediation Materials

Introduction

The ability to nove renediation product s into the subsurface is deternined by severd factars.  The viscosity
o thenaterid, vdue of nateriad to beinected, depth of inectioninerva, type of gedogca fornations,
and chenmical nake-up of the naterial being punped a | deternmine howa nateria is applied to the
subsurface. The direct push industry is seeing an increase in naterial types being used for rened ation
purposes. onsequently, the need to punp these dif ferent nateria types into the subsurface cannot essily
be done ef fectively and econonical ly by just one single punp. The followng section di scusses punps

punp construction, and punp options for conmon renedi ation products being used in the direct push

nar ket today.

Piston Pumps

A ston punps are coomonly used everyday in the direct push and construction industry. The design of a
piston punp nakes it ideal for high-pressure and high nateria viscosity applications. 9 nce nost direct
push injections are perforned wth snall inside daneter tooing, the ability to nove high viscosity nateria s
through a snal| flowareais inperative. The features and configuration of the piston punp nake it idea for
these conditions. Held serviceabl e conponent s nake nai ntenance and clean-up ideal for direct push sites
aswdl.

Geoprobe® Model GS2000
Grout Machine

o Geoprobe® Model GS500

Grout Machine

A

Geoprobe® Model GS1000
Grout Machine
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The G5 series of piston punps d fered by Geoprobe Systens a | utilize the sane principl e of operation.
Hydraul i c poner is used to actuate apistoninahydradic cylinder. This hydradic pistonis couled to a
gout pstonviaapstonrod The reciprocation of the hydraulic cylinder creates the punping action in the
gou cylinder. Asthecylinder retract s, it dravs nateriad out of the hopper and into the grout cylinder via the
T-vdve The extension of the cylinder forces the nateriad thru the T-valve and into the injection hose, which
is comnected to the tod string or tremmie tube. In the case of the G300, hydraulic power is supplied from
an external source via auxiliary supply. The GS1000 and GR2000 are powered by a sel f-cont a ned gasol i ne
engi ne.

The G500 and GBI000 feature a “free fl oati ng” check bal | systemfor applications requiring | ess than 1000 psi.
This concept isideal for punping lowviscosity naterials at nediumto | owpressures. The G&000 uses a
“spring seated’ check ball systemwth heat-treated stainl ess steel check balls and springs which alows the
punp to operate at nuch higher pressures (1850 psi). The “spring seated’ check bal I's al | owthe punp to
operate nuch nore efficiently than “free floating” check balls in highviscosity applications such as HHGR  The
stainl ess steel design resists corrosi on and breakdown frompot assi umand sodi umper nanganat e.
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A af termarket T-val ve wth spring seated st ai nl ess steel check bal |'s (16253) is avai l abl e for use on G000 and
GBL000 for punpi ng heat ed HRGRI n shal | owappl i cations. (40 ft. and | ess)

—

9
I
{

/

A

<

) o Viton Grout Piston Seal Kit (18075)
Viton O-ring Kit (18072)

Areplacenent Mton grout pistonsea kit (18075 and Mton Qring kit (18072) are a so avai l abl e for the GR000
for punpi ng pot assi umand sodi umper nanganat e. The factory buna seal s on the G2000 w I | break down wth
linnted exposure to any of the pernanganates. It is highly reconmended that any per nanganates not be
punped wth the GBH00 or GBl000. The seal s for these two punps are not availableinanaterial suitable for
punpi ng per nanganat es, and the vol une at whi ch per nanganat es are usual |y punped (>50 gal . per hole) is not
particu arly suitab e for the lowflowrates of the G500 or GaLOOO.
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Diaphragm Pump

D aphragm punps are findng their vay into drect push rened ation goplications due to their adility to ddiver
hi gher volunes of material wthout the need for high pressure.  Rot assi umand sodi um per nanganate are
good candi dates for use wth a diaphragmpunp. The viscosity of the pernanganates does not usual |y
require pressures higher than 1000 psi innast fornations.  The injection vol unes of the Pernanganat es
are usual ly higher than other product s, therefore a high vol une, nedi umpressure punp is ideal .

A though the construction of nost di aphragmpunps is entirely nechanical (no el ectrical conponents), they are
not usual ly fieldserviceable. Hwever, they can be easily di sassentl ed and serviced i n a shop envi ronnent. It
is not reconmended to use a di aphragmpunp to punp naterials wth a high viscosity or nateria s that have the
potentia toset up or hardeninside the punp. Keeping thisinnmind, it is not reconmended to punp high solids
grouts, grouts wth cenent, or HR®®wth a di aphragmpunp. Miteria s requiring highinjection val unes and
naterials wthalowviscosity areided for diaphragmpunps. Thiswou dinclude, but not belimtedtothe
followng: Hydrogen peroxi des, pernanganates, nicrobial products, and any abrasive sl urri es.

Geoprobe Model DP80O0 Injection Pump

N

/
s

The DPB00 punp i s desi gned to punp | owvi scosity naterial such as pernanganat es, peroxides, and nicrobial
product s. Spedficdly, this punp has been desi gned with the pernanganates in nind. Punp conponent s such
as springs, valves, sed's, and the diaphragns are constructed to wthstand the harsh condi ti ons caused by

pot assi umand sodi um per nanganat e.
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Diaphragm Pump Section

The di aphragmpunp of the 0P80 operates using the fol lowng principle: The drive shaft (coupled to a 9HP
Honda engine) is connected to a fixed-angle camor wobble plate. As the drive shaft turns, the wobble plate
noves, oscillating forvard and back (converting axial notioninto linear notion). Three pistons are
alternately noved by the wobbl e plate.  These pistons push oil against the back of the diaphragmon the
forvard stroke, causing themto flex forward and back as the wobbl e plate noves the pistons forvard and
back, thus providing the punping action. The diaphragns are equal |y spaced 120 degrees apart fromeach
other providing a | ow pul se fl ow.

Pumping Hydrogen Release Compound® (HRC®)

/s previowsly st ated, the ability of a punp to punp any given nateria into the subsurface depends on
severd factas. The viscosity of the nateria seens to have the nost ef fect on how successful a naterial
can be punped. Hgh viscosity (thick) naterials and high pressure punps go hand in hand.  Thisis duetoa
condition called “pressure drop” o pressure loss.  The pressure drop is the sumof al the | osses (naj or and
nmnor) inthe punping system Inthe case of a direct push appication, these | osses are due to friction

| osses in hoses, probe rods, fittings, hose comections, and inection o grout pul caps Al o these | osses
(bigad snall) add up tothe tatd pressre drop.  As the viscosity of the nateria increases, the | osses
increase as well as creating the need for nore energy in order to nove the nateria into the subsurface.

HRG® can present significant problens wth pressure | osses since it has a very high viscosity at room
tenperatre.  As HRGO® becane nore popul ar, the need for a high-pressure punp becane evident. Not
only did the punp need to have high pressure, but it a so needed tools and periphera itens that woul d keep
pressure drops and flowrestrictions to a mninum Thus began the devel opnent of |owrestriction grouting
adinectiontods. The inection hoses were enlarged to mninize friction loss. Al 90-degree fittings vere
elimnated to reduce pressure | osses. Runp val ves and pull caps were enlarged and redesigned to all owfor
lowrestriction flowof nateria through the punp unit.

Geopr obe® Syst ens Page 74 Mterids Inection



Wil e reducing pressure losses intod's, and optinizing punp and val ve design, the viscosity reduci ng ef fet
of heating HO®is the nost significant. Wien the naterial is heated above 95 degrees Fahrenheit the
ability to mix and punp HORis inproved tenfold. Generally, it is necessary to nix the HRG® before
punpi ng so that a honogenous mixture is being applied to the subsurface. The ability to mx HRO®at 60
degrees Fahrenheit is al nost inpossible, although HRO® heated to 100 degrees Fahrenheit is easily nixed
wthadill adpan nixer.

Runp safety is of tenoverlodkedind rect pushinectiongoplications. Hstaicdly, injecting grout and QRC® has
been done at fairly lowpressures. The pressure used to punp these naterial s i s significant enough to cause
serios inuy. The need for proper eye protection can not be enphasi zed enough.

Pumping Permanganates

Punpi ng pernanganates requires that nore attention be paid to conpatibility of punp ad toding
conponent s to the pernanganate nateria being used. The inconpatibility of common sed's, Orings,
hoses, and even sone net al s nake punp sel ection for pernmanganates sonewhat dif fialt. There are nany
nodel s of high-fl ow punps on the narket, but their conponent conpatibility wth the pernanganate famly of
naterids is questiondde.  The OPBOO has been designed specifically for the pernanganate naterials. The
punp head, val ves, diaphragns, and even the injection hose have been constructed out of sel ected
naterid s resist ant to the corrosi veness of the pernanganate naterial s.

Fs st ated above, punp safety is easily overlooked. Mterias such as grout's, xygen Rel ease

Gonpounds® (ARCR), and are punped w thout nuch thought of nishaps or accidents. Punp safety
isespecidly inport ant when punpi ng pernanganates. Not only is the danger of a pressurized system
present, but asoinportant is the chenical nakeup of the naterial being punped. Rot assi umand sodi um
per nanganat e are oxidi zers, whi ch nakes themdangerous naterials to be in cont act wth. Hacing them
under pressure in a punpi ng system nakes themeven nore dangerous. Qhce again, proper personal
protectionis a nost.

Pump Selection

Inthe past, the popd arity of inecting nateriads indrect push gopicatios dd nat necessit ate nuch t hought
when it cane to punp sel ection. Today, as we see the need to punp hundreds of gallons of nateriasina
singe direct push hde, punp selectionis not only a natter of nateria conpdiblity, but aso anatter of
econoni cs.

For higher viscosity naterials such as high sdids grout s, or Ml asses, piston punps are a nost
nandat ory due to the punps adility to hade the high viscosity naterid. Fortunately, these sane nateria s
are usually inected in fairly lowvo unes naking themnore suit abl e to piston punp applicati ons.

Low viscosity naterial s such as pernanganates, and nicrobia products can be punped wth sel ect punps
d fered by Geoprobe® Systens. Sdnce these naterials are general |y punped in high vol unes (>50 gal | ons/
hde, it ismt sitable to punp themwth a GG series punp at 3.6 gallons per mnute (nax.). Aternady,
these nateria are nuch nore suitable for the OPBO0 which is capade of delivering these naterids a 8
ga | ons per nminute.
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Geoprobe® Pump Comparison Data Sheet

Grout/Injection Machine DP800 GS500 (51000 (52000
Max Output Pressure 650psi | 1000psi | 1000psi | 1850 psi
Max Flow Rate* 80gpm | 23gpm | 23gpm | 3.6gpm
= Bentonite Slurry - Yes Yes Yes
5 Neat Cement - Yes Yes Yes
HRC® (heated to 100°F) - LC LC Yes
g HRC-X™ (heated to 125°F) - - - Yes
é‘;’ g Hydrogen Peroxide Yes - - -
g E % Microbial Products Yes — - —
% = ORC® - Yes Yes Yes
= Potassium Permanganate Yes - - Yese
Sodium Permanganate Yes Yese

*Pumping water
Yes: The pump is capable of pumping the material.

Yese: The pump is capable of pumping the material if the standard seals are replace with viton seals.

LC: The pump has limited HRC® pumping capabilities providing the standard T-valve is exchanged with a spring loaded T-valve.

—: The pump is not recommended for the material

HRC® and ORC® are registered trademarks of Regenesis Bioremediation Products, Inc., San Clemente, CA.
HRC-X™ s a trademark of Regenesis Bioremediation Products, Inc., San Clemente, CA.
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Minimum Pumping Time* (minutes)

Pump Flow Rate (GPM)
GS500
and GS2000 DP800
GS1000
2.3 GPM 3.6 GPM 8.0 GPM
5 Gal 2.2 14 0.6
10 Gal 43 2.8 13
15 Gal 6.5 4.2 1.9
= 20 Gal 8.7 5.6 2.5
(=
=
S 30 Gal 13 8.3 3.8
=
@ 40 Gal 17 11 5.0
o)
=
s 50 Gal 2 14 6.3
(7]
E 60 Gal 2 17 75
(=}
—
70 Gal 30 19 8.8
80 Gal 35 2 10
90 Gal 39 25 11
100 Gal 43 28 13

*Based on naxi nimavail abl e flowrate for punpi ng water.
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Remediation Products Commonly Injected
with Direct Push Equipment

Fenediation naterias are injected into the subsurface to reduce the concentration of specific groups d
cont aminhant s such as chlorinated and fuel hydrocarbons. Qhce placed in the treatnent zone, renediation
nateria s |oner cont amnant concentrations either through chemical oxidation or enhanced bi orenediation.

In chenncal oxidation, the inected naterial (oxidizing agent) react s drectly wththet arget cont am nant
resuting in nontoxic end product s or conpounds that are nore readily degradable. This is contrasted by
enhanced bi orenediation in which the injected nateria accel erates and pronotes bi odegradati on and
nturd attenuation of the t arget cont amnant by nicroor gani sns.

Sone of the nore conmon renedi ation products that nay be injected wth direct push equi prent are
revi ened bel ow

Category: Chenmical xidation Category: Chenmical xidation
Product: Pot assi um Per manganat e Product: Sodi um Per manganat e
e Rinarily used for renediation of chlorinated sd vert s e Rinarily used for renediation of chlorinated sd vert s
e Shipped dry - purple grand ar cryst ds* e Sippedinliqidfom- dark purp e sd uti o
e Slubility inwveter = 6%sdution a 20°C(68°H* e Slubility inwvater =50%sd ution a 20°C(68°H*
e Nornally inected at 3-5%sa ution e Nornally injected up to 20%soal ution
e Low Viscosity e Low Viscosity
e Nbt conpatible with sone punp conponent s e Inconpatibility wth punp conponent s is as issue
e Strong oxidizer - specid safety considerati ons e Strong oxidizer - specid safety considerati ons
*Source: Carus Chenmical Gonpany (ww car uschem con) *Source: Carus Chemical Gonpany (www. car uschem con)

The viscosity of sodi umand pot assi umpernanganate solutions is near that of water. Becasse of this,
mn nal backpressure is created wthin the tod string during delivery of the sd ution to the subsurface.

The oxidizing ef fect of pernanganates poses a problemthat nust be consi dered when sel ecting the tooling
and punp for an injection project. PRernanganates are not chemical |y conpatible wth the naterids from
whi ch st andard Orings, punp seal's, and high-pressure hoses are nanufactured. These conponent s nay
fal & ter anywhere fromseveral days to as little as a fewhours of exposure.  Though dependent on the
tenperature and concentration of the sol ution, sodi umpernanganate is generally nuch nore danaging to
punp pats and hoses than pot assi um per nanganat e.

Viton Orings and punp seal s are conpatible wth sod umand pot assi um per nanganate. Viton pat s ae
nore expensi ve than those nade fromthe nore conmon Buna naterial, but this is of fset by the increased
service life provided by Vitm

Geopr obe® Syst ens Page 78 Mterids Inection



GH00 and GBL000 Gout Michines utilize piston cup seal s nade fromurethane. Wethane cup seal s
quickly deteriorate in the presence of sodi umpernanganate. Uifortunately, this type of cup sed is
avalabein Vitm A negrene fabric reinforced urethane cup seal is available, but provides only linted
i nprovenent when punpi ng sodi um per nanganate. GS2000 nachi nes can be equi pped wth Viton cup
seds. Viton punp seal s are st andard for the OPB00.

Fernanganate injection project sd teninvdve the goplication of a sigificat quatity of reneda product.
Vol unes over 100 gal | ons per hole are not unconmon.  Qutput flow should therefore be a najor

consi deration when sel ecting a punp for pernanganate projects. For exanplee A 3 gpmpunp nust run at
ful throttle for approxinately 50 mnutes to conplete a singe 150-ga loninection. Wsing a 6 gompunp wl |
at thstineinhef, & fectively saving 25 mnutes per hde.

/s listed previously, sodiumand pot assi umpernanganate are strong oxidizers that require specia safety
consi derations when handling. The followng protective gear is reconmended in the Mteria Sofety Dot a
Sheet s for sodi um permanganat e and pot assi um per nanganat e product s avai |l abl e from Garus Chencal

Conmpany (waw. car uschem con):

D) Fece shidd, goggles, o safety g asses wth side shidds.

2 Ribber or plastic doves.

3 MNornal work clothing covering arns and legs plus a plastic or rubber aoron. (Protective coverals
of simlar naterials nay be preferred for probe work.)

Monent ary skin cont act wth pernanganate sd utions wll resut inbrowm stains. Wash the & fected area
inmedi ately wth soap and clean vater to avoid irritation. |f clothing becones spotted (ninor exposure),
vash the area wth water. Inthe evert of nagjor cot anination, renove the clothing, inmediately rinse wth
vater, and wash before reuse. Note that spont aneous ignition of cont amnated cloth or paper can occur .

Category: Chemical xidation
Product: Hydrogen Per oxi de

e Wed (Wthcat dyst s) for rened aion of cont aminant s including chlorinated and fuel hydrocarbons
e Cexr, cdorless, water-like appearance
e Low Viscosity
e Strong sd ution (>8% for chenical oxidation
- Heat and vol une expansi on (pressure) occur during deconposition
- Rt s wthironin carbon steel prabe rods
- Inconpaibe wth cat ain punp pats
e Mre commonly used as a di ssol ved oxygen source (0.5 1. 0%sol ution) for indtu biorened ation
e Strong oxidizer - specia safety considerati ons
Source: US Peroxi de (waw H2C2. con)
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The consi derabl e heat and pressure resul ting fromthe deconposition of strong hydrogen peroxi de sol uti ons
can lead to unsafe conditions if inproperly cotrdled A forcefu (explosive) rel ease of dowho e heat and
pressure nay result frominproper injection techniques. Applications nust therefore be designed and

i npl enented by personnel trained and experienced in the handing and injection of hydrogen peroxide.

Category: B orenediation
Product: Oxygen Rel ease Conpound ( ORC®)

e Roietary formul ati on of nagnesi um per oxi de

« Wite fine (325 nesh) ponder that is hydrated onsite for injection of 35-626sdids slurry

e Viscosity raises sligtly wth increased soids cotent - 62%sl urry still crestes nininal backpressure

e Provides slowand sust ai ned rel ease of nol ecul ar oxygen whi ch stinmul ates nicroorgani sns that aerobical |y degrade
i ats. Resut is enhanced natural attenuation of cont aninant s

e Renediation target oftenis BIEXor Vinyl Qloride

o Nlld oxidizer - specid safety considerations

Source: Regenesi s B orenedi ati on Product s (waw regenesi s. con)

Experience wth naterials injection accunul ated by Geoprobe® Systens began several years ago wth a
visit fromRegenesis B orenedi ation Product s. Regenesis was | ooking for a dependabl e nethod to deliver
their then-new@RC®product to the subsurface. Early field applications of QRZ®®were perforned by | overing
QRC®“socks” down exi sting nonitoring wells.  The results proved promsing, but a different approach was
Oesiredtobetter dstribute the product over anetiresite.

Regenesi s had tried injecting ARB®through probe rods usi ng various types of punps wth only linted success.
The nest conmon concerns were difficuty wth disassenly for cleaning, toolittle output pressure, or

prohi bitive purchase/ operating costs. Geoprobe' s then-new GEL000 Gout Michi ne appeared to provi de

so utions these prod ens. A fewtest haoles in the backyard confirned that QRCinjection coul d be perforned
qui ckly and easi |y wth Geoprobe tool s and equi pnent .

QRCis shippedinseaed5galon plastic buckets each contai ni ng 30 pounds of dry powdered product encl osed
inapasticbag The powder is hydrated onsite using cl ean water and a hi gh-speed e ectric or cord ess drill
equpped wthalarge spira pant nixer. NIxingisastragt forward process of contining the powder wth a
neasur ed vol une of water, andthen operatingthe drill nixer toformasnooth slurry.  Sone settling nay occur
inthe bucket if thesluryisnat powreddrectly intothe punp hopper. Snply stir theslury wthagaou spada
until remxed. QRCReventual |y hardens into a cenent-1ike conpound. Db not |et the mxed slurry stand for
nore than 30 ninut es bef ore punpi ng.

Because GRCRis a nil d oxidi zer, precautions shou d bet akentolint cot act wth the powder and sl urry.
Stuate the mxing area out in the gpen to provide good vertilaion. Stand upw nd when conbi ni ng t he
powder and water to avoid breathing the fine QRC® particles that are easily suspended inthe air. A
breat hing nask with HEPA filters is reconmended. Chenical safety gl asses and protective gl oves shoul d
al so be worn when nixing and injecting QR sl urry.
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Standard punp seal s, Orings, and hi gh-pressure hoses are not adversely af fected by exposure to GRC®sl urry.
The punp val ves and hose qui ck connect coupl ers nust be thoroughl y cl eaned wth water and a scrub brush
after punping. Residual GQRC®w || harden overni ght pernanent |y | ocki ng qui ck connects and t hreaded punp
pertsinpace

CGategory: Biorenedi ation
Product: Hydrogen Rel ease Conpound ( HRGC®)

e Roriet ay pdylact ate ester specially formilated for slowrel ease of |actic acid upon hydrati on
e Gf-vhite, cloudy appearance - consistency of honey
e Viscosity lowers dranatical |y when heated (>90°H 32°Q
e Pinarily used for renediation of chlorinated hydrocarbons
e Anaerobic nicrobes facilit ae reductive chlorination
- HRCslowy rel eases | actic acid wen hydrat ed
- Mcrobes net abdize this lactic acid and rel ease hydrogen
- Hydrogen is then used by other nicrobes to strip chlorine atons fromcont aminant s (reductive dechl ori nati on)
- Renai ning conpounds are further biologically degraded
e atidpaethe paetid fa eeirritaionadskinirrit aion wth large sca e exposure or in sensitive indvidud s

Source: Regenesis B orenedi ation Product s (waw regenesi s. con)

HRO®is shipped in sea ed 4.25-gal lon plastic bucket s cot aining 30 pounds of product. HRO®is to be
applied as delivered fromthe nanufacturer. No water or glycerin nay be added prior to punpi ng.

The high viscosity of HR®at mild tenperatures creates significant backpressure inthe tod string. It is nat
uncomnmon to require upwards of 1000 psi just to nove HRG®through 40 feet of 5/8inch I D probe rods at

50°F (10°Q. Hgh viscosity al so creates fl ow probl ens through the punp check val ves which dranatical ly
[ over punp ef fidey. The G000 Gout Mchi ne was specifical |y designed for the higher pressures and
fl ow concerns associ ated wth HRC injection.

Regenesi s now reconmends heating HRC®in a hot water bath before pouring the naterial into the punp
hopper. The followng instructions are based on infornation found on the Regenesis website
( www regenesi s. con).

P ace unopened bucket s of HRCinto an enpty water tak A Rubbernai d® fibergl ass Farm Trough Stok Tank
(Model 4242-00- GRAY) is typicaly used for this gppication and can hdd up to 16 bucket s of HRC Hot water
(approxi natel y 130-170°F or 54-77°Q shoul d be added to the tank af ter the bucket s have been pl aced inside.
HRC®is ready to be poured into the punp hopper when it reaches a mininumtenperature of 95°F (35°Q which
shou d t ake approxi natel y 20-30 ninut es.

(nce poured into the punp hopper, acatain anount of residual HRC®RWII renain in the bucket.  Scrape
the sides and bottomaof bucket and transfer this nateria to the hopper. There nay occasionally be a thin
layer of sticky granular nateria onthe battomof the bucket. Db not scrape this nateria into the hopper as it
can cause problens wth the punp check balls. Qe the hopper is filled, the HRG® can be recircul ated
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through the punp for approxi nat el y one hopper vol une to create a uni formconsi stency. Db nat overcircd ate or
add any type of liquidstodecressethe viscosity of thenaterid asthiswll adversdy & fect HRG®1 ongevity.

Bven when heat ed t o the reconmended t enperat ure, HRC®renai ns vi scous enough to warrant using a hi gh-
pressure hose and coupl er wtharelatively large ID  Geoprobe recomnmends one of the Gout Hse / Goupl er
Assentl i es (PN 12580, 13900, or 16888) described earlier inthis docunent. These assenblies carry a
nmini numl D of 0.625 i nches whi ch nat ches the IDof both 1.25 and 1. 5 i nch Geopr obe® probe rods.

The MBS far HR®states that “Oe shou d articipate the potential for eyeirritationandskinirritationwth
large sca e exposure or in sensitive individual s”.  In nast cases, cotact wth HRGBBw Il be nore of an
annoyance than a health concern. HRO®is an extrenely sticky naterial that requires hot soapy vater and
ld s of scrubbing to renove fromthe skinn. @l d vater is basicaly inef fective. FRunp pats ad toding are
best cleaned wth the hot high-pressure vater froma steamcl eaner .

Category: B orenediation
Product: Mcrobia Products

e Two-part inection - mcrobes and nutrient s
- Apply nicrobes during advancenent - nutrient s upon retraction
Part 1 Bend of living nmcrobes specificaly formilated for site condtions
- Ntturdly occurring becteriaisdaed and grom for specific application
- Fecut ative anaerobes - can survive aerobic and anaerobi ¢ conditions
- Formil ations availabd e for fuel hydrocarbons, chlorinated sovert's, P(Bs
- Mteria has appearance of “pond water” - |ow viscosity
- Inect nicrobes wthout dlution (as shipped)
e Pt 2 Ropietary bend of nutrient s naxi mzes perfornance of nicrobes
- Mianins, trace mneral's, and specidized nutrients
- Nirient sduionnmxedinfidd- 1 gd o nurients (as shipped) dluted to 55 gd before agpplication
e Inected a 1.4 vo une (nicrobes: nutrient 9

Source: Mcro-Bac International (v nicro-bac. con)

Mcrobi al product s approach renediation froma dif ferent direction than QRB® and HRB® injection. GRC
and HRCR are applied to a cont amnated site in order to enhance bi orenedi ation by i ndi genous nicrobes.
They acconplish this by provid ng oxygen or hydrogen which are generally the linmting nutrient s for nmicroa d
gonhinareas of high cont amnation. The result is a nore healthy, active nicrobe popul ation and an
incressed level of natural attenuation.

Mcrobia product s cotain naturally occurring nicroorgani sns (general ly bacteria) that have been found to
florish inthe presence of certan cotamnants. Nicrobes are selected for their adility to breakdowmn specific
conpounds and are then “grown” for application at cont amnated sites. NMcrobia product s enhance natural
attentuation by est adishing mcroorganisns that preferentialy wilize the t arget cont amnant sinthar

net abol i ¢ processes or inprove cont aninant reduction as a result of naterias rel eased as by-product s d
thar bdagcd adivities.
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Facut ative anaerobes are selected for nmicrobia product s to ensure their survival during aerohi ¢/ anaerobic
cycling which nay seriously limt the popul ation of indigenous nicrobes.

Ater godication of the mcrobes, a nutrient sduwionis inected ino the susurface This provides a mx of
\t amns, nineral's, and other speciaized nutrient s that help “junpg art” bacteria ggoth and aid in
acclination to the newerviromnent. Injection of ten consist s of a top-down application of nicrobes fol | oned
by a bottomup application of nutrients

The low viscosity of the nicrobia and nutrient sol utions nakes themeasy to punp wth Geoprobe® pi ston
and di aphragm punps. Cntrifugal punps should not be used as the high shear conditions and cavit ain
wthin the punp will harmthe nicroorgani sns. Mcrobes can easily survive the naxi num 1500 psi pressure
limt of Geoprobe® grout and injection nachi nes.
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Important Points to Remember
When Injecting Remediation Materials

e Wear the appropriate safety gear .
e Bduaesitelithdogy aong wth cont amnant | ocation, concentration, and
speci ation before i npl enenting an injection rened ation plan.

e Select punps wth appropriate flovrates for the va une of nateria to be
ineted

* DMke sure punp(s), tubing, and tooling are conpaile wththe punped fluid.

e Hevate supy t anks above the OPBO0 punp inlet to prevent cavit &in

e Awvays uilize Orings a every prabe rod jart.

* Lubricate Orings before threading probe rods toget her .

e lubricate Qrings before assenling T-val ves for the G600, G51000 and
G52000 nachi nes.

e Becaedu tonat pinch or kink inection hoses or tuding.

e (Uean the punp and auxiliary equi pnent as soon as punpi ng i s conpl ete.

e e apreprobe above theinection point if necessary to prevent nateria from

traveing up the bore ha e.

e Sdect tod string conponent s, such as paint's, pre-probes, and probe rods, so
that the outer dianeter conbi nations prevent bl ow by.

* HRlievefludpressure wthin the tod string before d scomecting the injection
hose fromthe tod string or punp.

Geopr obe® Syst ens Page 84 Mterids Inection



Common Injection Problems and Mistakes

Several mistakes and problems that may be encountered with materials injection are
listed below.

Probl em I nadequat e seal between soil and tool string (I eakage at ground surface).

Cuse (1): Incorrect sizing of drive point - point Ais larger than prabe rod @

Sol ution: Wse 1. 1-inch Expendabl e Ori ve Roint s (AT14) when possible or 1. 1-inch @ Threaded Ori ve Foint
(AT142B wth adapter to appropriate probe rod.

Cuse (2): Loose soil or highinection pressures require atigiter sel wth soil above |l eading end of rod string.
Sol ution: We 1.5inch x 36-inch Hl |l ow Rreprobe (17772) above injection point or expendabl e point hol der.

Probl em Excessi ve pressure | oss (backpressure) through tool string.
Cuse (1): Uilizing o der (GB124) Gout Rl Gy which has a restrictive mninuml|D|ess than 1/4 inches.
Sol uti on: Swtch to an Inection RUl Gy (16697 or 166998).

Cuse (2): Atenpting toinect ahigh viscosity nateria wth st andard grout accessori es.
Sol uti on: Uilize Gout Hse / Qupler Assently (12580, 13900, or 16888) and rod grip pull system

Cause (3): Atenpting to inject HRG®at anbi ent tenperature.
Sol uti on: Heat HRCin hot water bath until neasured tenperature reaches approxi natel y 130-170°F (54-77°Q.

Probl em Punp piston(s) cycle but do not build pressure or level of nateria in hopper does not go down.
Cuse (1): Val ve tee inproperly assenbl ed or check balls onmitted during assenil y.
Sol uti on: Reassenbl e fol | ow ng expl oded vi ew sticker on punp or procedure in Ganer 's Minual .

Cuse (2): Runp was not cl eaned properly fol l owng previous operation.
Sol uti on: D sassenl e punp and cl ean val ve tee, check balls, and check ball seats. Replace check balls and seat s
if requred due to presence of corrosion or residud naterial .

Cause (3): Ganular naterial frombottomof HRCO® bucket caused sticki ng check val ves.
Sol uti on: D sassentl e punp and cl ean val ve tee, check balls, and seats. Db not scrape granu ar nateria from
bot t om of HRG® bucket into punp hopper.

Probl em Excessi ve | eakage frompunp cylinder drain hol e.
Cuse (1): Qp seal (s) are worn fromnornal use.
Sol uti on: Repl ace with new cup seal (s).

Cause (2): Qp seal (s) are inconpatibe wthinection naterid and have faled
Sol uti on: Repl ace with new cup seal (s) nade fromconpatible naterid. My need to swtchtoadfferent punpis
compaible seds aenat avaldde
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