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Pueblo, CO Former UST Site
MTBE Benzene

MW-2 Before
2 Mo After

MW-3 Before
2 Mo After

MW-6R Before
2 Mo After

MW-27 Before
2 Mo After

10,000 Not Signif.

ND (0.5)

2,900 Not Signif.

ND (0.5)
1,900 3,300
0.7 1.7

LNAPL  LNAPL
ND (0.5) 1




Three Most Important Things

INJECTION CONTRACTOR
Chosen Technology Matched to the Injection Technique

High Resolution Injection Plan
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Injection — What'’s the Goal?

Treatment Volume Vertical Spacing
Per Injection Per Injection

Local Equilbrium
Injection Rod Sorbed vs Dissolved
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Injections vs Mass

Treatment Volume Vertical Spacing
Per Injection Per Injection

Local Equilbrium
Injection Rod Sorbed vs Dissolved
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Injections vs Mass

Treatment Volume Vertical Spacing
Per Injection Per Injection

-

Local Equilbrium
Injection Rod Sorbed vs Dissolved

) RP]

Remediation Products, Inc.



Injections vs Mass

Injection Rod
Ground Surface

Treatment Volume Vertical Spacing
Per Injection Per Injection

Local Equilbrium
Injection Rod Sorbed vs Dissolved
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Vertical Profile at LUST S

Detph (ft)

Distribution of Benzene
as a function of depth

te

P

GW at 1 ppm

IZ

\

pav)

®

(<))

p

-0.5

<P

0.5

1 15
Benzene Concentration (ppm)

25

) RP]

Remediation Products, Ine.



Why Saturated Soil Contamination Is Important

GW @ 1 ppm

Soil @ 2 m
8.5 mg/ft3 @2 pp

100 mg/ft3

e

) RP]

- Remediation Products, Inc.



Conceptual Site Model - Goals

Detailed Understanding of Vertical and Horizontal Distribution of
Contamination

1. Lab analysis of soil to develop vertical profiles of contaminant
mass — where impacts begin and where they end.

2. Use hydropunch or temp wells to define horizontal distribution
of GW impacts.

3. Detailed Soll Boring Logs to Direct Future Injections

’RP]
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Injection Dynamics Part 1

Hydraulic Fracturing
High Pressure — High Flow
Injection in Clays/Silts, Sands & Gravel

Radius of Influence

’RP]
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Typical “"Top-Down” Injection for Clay Soils

Bentonite Seal

\

Injection Head

Hose from Pump

7

3 to 5 ft. sections
1-1/4" O.D. Rod

===

Injectate

Deepest Point of Injection

) RP]

Remediation Products, Inc.



FRACTURING

_i

Propagation Pressure
INJECTION
PRESSURE RESPONSE:
<--A--> RAPID SPIKE

<--B--—> SLOW TO MODERATE
DECLINE

<--C-—> STABILIZATION

INCREASING PRESSURE (PSI)

TIME (MINS)

NOTE:
APPLIES TO DIRECT PUSH AND UNDERDEVELOPED WELLS

INSITU REMEDIAL REAGENTS WORKING GROUP PRESSURE:
RAPID SPIKE —SLOW TO MODERATE

DECLINE — STABILIZATION
FIGURE 7A | e
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FRACTURING

INCREASING PRESSURE (PSI)

\<——INJECTION STOPPED
\
\

sl Bt}

INJECTION

FRACTURING
PRESSURE RESPONSE:
<--A- > RAPID SPIKE

<--B- > FRACTURE
FORMATION

<--C--> SLOW TO MODERATE
DECLINE

TIME (MINS)

NOTE: APPLIES TO DIRECT PUSH AND UNDERDEVELOPED WELLS

INSITU REMEDIAL REAGENTS WORKING GROUP

PRESSURE:
RAPID SPIKE —SLOW TO
MODERATE DECLINE

FIGURE 7B | 528
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Injection In Sands
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Injection In Gravel




Effective Radius of Influence

Injection Head _‘:,_i#

Hose from Pump

Overlap
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Effective Radius of Influence

Rules of Thumb — 10’ Grid

Silt/Clay — 40 to 50 gallons
Sands and Gravel — 50 to 70 gallons

Vertical Spacing
1.5 to 2" Typical
Up To 3’ in Fine to MG Sand




Injection Dynamics Part 2

Infiltration Galleries — “Gravity Feed”

Low Flow in Low Pressure or High Pressure Conditions:
When is it a Good Idea?
Injection Wells and Use of Packers

Low flow at low pressure
is the new industry
“mantra”

’RP]
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Low Flow Signhature

Avoid
| Fracture
| Pressure

Objective is to
emulate natural
GW seep flow-net.

IHJECTION
FIELD ADJUSTED

AFPLICATION RATE

PRESSURE RESPONSE :
=B e GLOW INCREASE

<--B- > RAPID SPIKE

<--G- == RAPID DECLINE
<= <D= = STABILIZATION
== =E- 2= ESTABILIZATION

e |NCREASING PRESSURE (PS5

AFTER FIELD
e e e el e o e e | Er=== ===l ADJUSTED |
- APPLICATION RATE
Adjust flow to
maintain a low
‘ pressure.
|
O ——— T —
» TIME (MINS) = ﬁ
| HOTE: APPLIES TO DIRECT PUSH AND UNDERDEVELOFED WELLS
IMSITU REMEDIAL REAGENTS WORKING GROUP FRESZURE!

S5LOW INCREASE — RAPID SPIKE — RAPID
DECLINE — STABILIZATION

FIGURE TC

HoALE
=TS
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LF/LP Injection

The Fantasy | Reality

Uniform
Distribution e
ROI=f(pv,tv) . W
1

-
—> Y,

Flow follows path
of least resistance

No control over
injectate location

Very poor distribution
likely

ROI Unknown

'RP]
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Injection Wells:

Open Screen vs. Packers

DIAGRAM OF INJECTION WELL

Wellhead
@ r{ection Pressure

Infic M
Annuls Pr.'.r.um

Typleal
Injaction
Well

Confining Zone
Infaction Zona

SOURCE:Adapted from the Naborsd Ersayy Tednolegy Laboratory,
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Straddle Packer

infiation Vvahoao (HMO7809) o —

———__ Compresaion Fillings
(#107BBAM DOFEES)

Siraddls Packer
T (F1O7TREEMNOFREE])

Eyebolls (top & boltom) ———-
Rt h Bl ]

Inflation Line ——
{41 Y FRee)

Stroaddio Pips —
127 diaf1™ dim
(ool im0,
2 M, 38 lengihs)

Simgla Fainl Packer
{(#107T0ATMOTHERD)
Cantralizers {if u»qjuir-d:l-
e _jm & Dotlom) .
(10FRSF1OGBIE)

Bone FPlug
(#1036 131 0B000)

1.8" (48 mm) dia. 2T (B4 mn
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nature of fracture networks.

The need for a very small
packer interval with accurate
depth placement is critical for
precision, controlled
placement of product.

Hydrophysics proved most, if
not all, fractures present
carried water.

This is from Redstone
Arsenal, a USACE site.

Fractured limestone.

Optical Televiewer Image
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This optical televView
naturally-occurring petroleum
product oozing from discrete
fractures.

n The product is lighter than
water and is observed to float
upward.

n This is from Redstone
Arsenal, a USACE site.

n Fractured limestone.
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Optical Televiewer Image
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Importance of the Injected Product

Water Soluble Reagents
Solid Suspensions — Slurries
Highly Reactive Agents

> RPI
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Water Soluble Reagents

The Most Versatile
Compatible with Many Installation Techniques
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LF/LP Slurry Injection

Incompatible with Slurries

Formation Acts Like Blob-like Installations

Filter
Strains Out Virtually No Distribution
Suspended Solids Out From Injection Tip.
Minimal ROI

b B® Water Bleed-off
Leaving Solids Behind

) RP]
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Highly Reactive Agents

Hydrogen Peroxide/Fenton
Activated Persulfate
Very Short Lived
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Daylighting

s e, 2 _
D i
D et
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Daylighting — What are the Causes

Loose Seal Around Injection Rod
Worn Injection Rods

Come up Old Bore Hole

Seep from Monitor Well
Intersect Pathway to Surface
Excessive Injectate Volume

<» RPI




Daylighting — Field Adjustments

Off-set Injection Point
Carefully Plug Old Bore Holes
Replace Worn Injection Rods
Cap Monitor Wells

Reduce Injection Volume
Alter Grid Spacing

Revise Sequence of Installation — Scatter the
Injections

Reducing the Flow Rate will probably NOT HELP

<» RPI
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Hydraulic Effects

Injecting Fluid: Where does it go?
Mobilization of Sorbed Solute
Displacement of LNAPL

Ways to Mitigate Potential Displacement

‘Do injections push
contamination.”
Common Question from
Regulators and Clients

> RPI
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Mobilization of Contamination

Mounding causes a increase in hydraulic gradient

Hydraulic push is likely minimal because total fluid
volume is a small fraction of one pore volume
Drainage results in temporal effect of short
duration

“Pressure pulses” can also transport solute, but
effects are temporary and recover

> RPI
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Ways to Mitigate/Monitor Potential
Displacement

Reduce slurry water volume

The sequence order in which points are injected
can be adjusted to minimize cumulative mounding
effects

Inject Areas of Low Concentration First — The Work
Toward Source Areas

Use of Sentinel Wells

> RPI
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Summary

Identify High Quality Injection Contractors
Develop Robust Conceptual Site Model
Vertical Distribution of Contamination Critical
Utilize High Resolution Sampling Strategies

Ensure Injection Technique is Compatible with the
Technology Selected
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