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Quantum Environmental & 
Engineering Services. LLC 

December 13, 2012 

Mr. Greg Parker, Supervisor 
Water Quality Branch & Septic Tank Program 
Shelby County Health Department 
814 Jefferson A venue 
Memphis, Tennessee 38105-5041 

Re: Injection Permit Request 
SWMU-14/46 NSA Mid-South, Millington, Tennessee 

Dear Mr. Parker 

Please find attached an injection well permit application for Solid Waste Management Unit 
14/46 (SWMU-14/46) at Naval Support Activity (NSA) Mid-South. Quantum Environmental & 
Engineering Services, LLC (QE2

), on behalf of the Navy, requests to advance 27 soil borings to a 
maximum depth of 25-feet below ground surface (bgs) and inject Hydrogen Release Compound 
(HRC®) into the aquifer to enhance the degradation of trichloroethylene (TCE) and 
tetrachloroethylene (PCE). HRC® is a controlled release, electron donor material, that when 
hydrated is specifically designed to produce a controlled release of lactic acid. The material 
safety data sheets for HRC® are attached. 

From the HRC® webpage: HRC® is typically applied using direct-injection techniques. This 
process enables the viscous HRC® material to be pressure injected into the zone of contamination 
and moved out into the aquifer media. Once in the subsurface, HRC® can reside within the soil 
matrix fueling reductive dechlorination and promoting reducing aquifer conditions for periods of 
up to 24 months or longer through the controlled release of lactic acid and subsequent hydrogen 
production. 

HRC® is supplied as a viscous liquid for direct injection into contaminated groundwater and 
saturated soils. This specially formulated product produces a controlled release of lactic acid 
upon contact with water. The source of lactic acid is then metabolized by microbes to produce 
hydrogen which ~s then used as a naturally occurring process known as anaerobic reductive 
dechlorination. The reductive dechlorination process results in the step-by-step biological 
degradation of chlorinated contaminants. HRC® can be used to degrade a range of chlorinated 
compounds including degreasing agents such as trichloroethene (TCE) and tetrachloroethylene 
(PCE), along with their breakdown products. 
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Page 2 
Mr. Greg Parker 
December 13, 2012 

The HRC® solution is proposed to be injected in temporary soil borings across the contaminant 
plume. Table 1 lists the number of temporary injection points, quantity of HRC® to be injected at 
each direct push boring location, and injection depth. Two figures are attached that show the 
location of NSA Mid-South property along with a Site Map containing groundwater contaminant 
plume information (based on groundwater monitoring of the existing site monitoring wells) 
along with projosed injection locations at SWMU-14/46. Also attached are the procedures for 
injecting HRC using a direct push drill rig. 

Table 1 
I . f I i f i SWMU 14/46 nJec ion n orma ion or -

*Number of temporary injection points 27 
**Injection depth interval at each boring location -15-25ft bgs 
Substrate dose of HRC® per well 60lbs 

* Temporary injection points will be installed with a direct push drill and abandoned upon 
completion. 

**Average depth to water at SWMU-14/46 (loess) is 15-ft below ground surface (bgs). 

QE2
, on behalf of the Navy, requests permission from the Shelby County Health Department to 

proceed with the injection of HRC®. The efforts listed above are being requested in order to 
expedite the ongoing cleanup efforts at NSA Mid-South. If you have any questions or concerns, 
please give me a call at (865) 689-1395 ext. 4028. 

Sincerely, 

Matthew Teglas, P.G. 
Project Manager 

Attachments: Well Application Form 
MSDS for HRC® 
Figures 
HRC® Injection Instructions 

c: Mr. Benjamin Simes, NAVFAC Midwest 
Mr. Jim Heide, NSA Mid-South 
QE2 File 500998.002 

Quantum Enwonmental & 
Engineering Semces. LLC 



MEMPHISANDSHELBYCOUNTYHEALTHDEPARTMENT 
POLLUTION CONTROL SECTION 

WATER QUALITY BRANCH 
1075 Mullins Station Road 
Memphis, Tennessee 38134 

(901) 379-7254 and/ax (901) 379-7570 

JVELL APPLICATION FORM 

SECTIONS I, 11, Ill AND IX MUST BE CffMPLETED BY THE WELL OWNER. 
SECTIONS IV THRU Vlll MUST BE COMPLETED BY THE WE'LL DRILLER. 

APPLICANT AND DRILLER MUST SIGN THE APPL/CATION 

l. WE.LL OWNER 
Name of Owner/Establishment NSA Mid-South ------·---------------
Con tact Name and Title Jim Heide, IEPM Name of Company NSA Mid-South Public Works 

Mailing Address _5_7_22_1_nt_eg=--r-'ity_D_n_·ve ________________________ _ 

City Memphis State Tennessee 

Business Phone Number (901) 874-5367 Home Phone Number ---------

II. WELL LOCATION 

Address __!'!~A Mid-South Near Singleton Avenue and Savitz Dr Zip Code 38054 

Well is Approximately 0.04 Miles N S E )' Of Singleton Avenue Road/Street/Hwy 
Well Identification Number Temporary din-ct push borings Land Size in Acres -----

Ill. TYPE OF WELL TO BE INSTALLED 

Water Production 
Dewatcring 
Soil Boring 
Geo probe 
Direct Push 

- -----

Other Dit·cct 1>ush borings 

Specify 

Monitoring ____ _ 

A) Ground Water Quality ---·-·--·-
B) Methane Gas 
C) Water Level 
D) Leachate 
E) Gas Movement 
F) Chemical Movement 

IV. \VE-LL DRILLER 

Drilling Company Chase Em'ironmcntal Group, LLC 

Tennessee Well Drillers License Number _76_<·---· Representative Todd Mms 
Tennessee P.E./R.P.G. Number __ 4_20_2 ______ Representative Matllww Teglas 

Mailing Address _ 9470 Highway 6U West City Kevil State KY Zip Code 4205...:~--

Business Phone Number (21~ 488-2584 Fax Number(270) 488-25~6 ··------

V. TYPE OF " 'ORK 

New Well Fill and Abandonment ------- - ------
Repair _______ _ Chemical Treatment 
Replacement ----
Other Groundwater remediation 



VI. \VATER WELL CONSTRUCTION INFOR1\1ATlON 

Expected depth of the well Soil borings to be 25-ft in feet 
Type of water source used during construction of the well NIA -------
Well casing: Type of Material NIA Diameter _N_IA _ ___ Wall Thickness _N_l_A __ _ 

VII. MONITORING \VELL INFORMATION 
27 DPT borings 

b . . . (abandoned upon completion) l Each so·1 bon·ng II be Num er of Momtormg Wells to be msta11eo l'roposed depth of wets 1 wi 
Substance (s) to be analyzed from well a. NIA b. c._ __ __ advanced to a max of 25-ft 

Sampling method to be used Bailor Pump--·--·----------
How often will the well be sampled? NIA: quarterl)' ~Undwater monitorin2 wm be conducted in pre\·inusly installed monitoring 

wells 

VIII. WATER WELL USAGE INFORMATJON 

Residential 
Commercial 

Fam1 
irrigation 

Sprinkler System __ _ 
Water Livestock ------

Industrial Retain lake level Other --- ---

IX. ADDITJONAL INFOR1\1A TION TI-IA T IS REQUIRED 
Approx. 

1. How many existing wells arc on the property? Active 185 Inactive None 
2. The following must accompany any application that is submitted: 

A.) Plot plan that includes all infonnation required as stated in the Regulations 
B.) A $25.00 dollar application processing fee 

---

C.) When an Emergency Pennit is issued for any work an additional $50.00 dollars 
D.) All monitoring well, soil boring or similar applications require an inspection fee of 

$100.00 dollars, with the exception of water production wells. 
E.) A sketch or diagram of any proposed monitoring well must be enclosed 

The applicant as well as the well driller agrees to comply with all regulations outlined in the Shelby 
County Well Construction Code as they relate to the constmction and maintenance of a well in 
Shelby County. All applicable fees as well as the paperwork submitted arc accurate as outlined in 
the regulations. By signing this application the applicant and well driller agree to comply with all of 
the regulatory requirements outlined in the Shelby Co y Well Construction Code. 

Signature of Well Dliller ----- - ---- ----- Date -------

Remarks: The Health Department reserves the right to supplement the general requirements by an addendum as may 
be required. If the application is approved by the Health Department, a Construction Pem1it will be issued in writing to 
the selected well driller with a copy to the applicant. No construction is to begin until the pem1it has been received and 
the pcnnit shall be kept at the construction site until the well or other work has been completed. 

FOR DEPARTMENT lJSE ONLY 

Date Application Recch•ed _____ Approval/Denial Date _____ Permit Rejected __ _ 
Permit Granted Conditions Permit Number ____ _ 
Log Number Handy Ma11 Page & Section---------------

Departmental Signature ___________________________ _ 



Last Revised: 

Supplier: 

Hydrogen Release Compound (HRC®) 
MATERIAL SAFETY DATA SHEET (MSDS) 

October 9, 2007 

Section 1 - Material Identification 

REGENESIS 
1011 Calle Sombra 
San Clemente, CA 92673 
Phone: 949.366.8000 

Fax: 

E-mail: 

Chemical Name: 

Chemical Family: 

Trade Name: 

Product Use: 

CAS# 

201167-72-8 

56-81-5 

50-21-5 

Melting Point: 

Boiling Point: 

Flash Point: 

Density: 

949.366.8090 

info:'il rcgcncsis.com 

Propanoic acid, 2-[2-[2-(2-hydroxy-1-oxopropoxy)-1-
oxopropoxy]-1-oxopropoxy]-1,2,3-propanetriyl ester 

Organic Chemical 
® c ® Hydrogen Release Compound (HR ) 

Glycerol tripolylactate and Glycerol 

Used to remediate contaminated soil and groundwater 
(environmental applications) 

Section 2 - Chemical Identification 

Chemical 

Glycerol Tripolylactate 

Glycerol 

Lactic Acid 

Section 3 - Physical Data 

Not Available (NA) 

Not Determined (ND) 

ND 

1.3 glee 



Regenesis - HRC MSDS 

Section 3 - Physical Data (cont) 

Solubility: Acetone and DMSO 

Appearance: Viscous amber gel/liquid 

Odor: Not detectable 

Vapor Pressure: None 

Section 4 - Fire and Explosion Hazard Data 

Extinguishing Media: 
Use Water Spray, Carbon Dioxide, Dry Chemical Powder or 
Appropriate Foam. 

Water may be used to keep exposed containers cool. 

For large quantities involved in a fire, one should wear full protective clothing and a 
NIOSH approved self contained breathing apparatus with full face piece operated in the 
pressure demand or positive pressure mode as for a situation where lack of oxygen and 
excess heat are present. 

Acute Effects: 

RTECS#: 

Irritation data: 

J:\Operations\MSDS\HRC MSDS 

Section 5 - Toxicological Information 

May be harmful by inhalation, ingestion, or skin absorption. 
May cause irritation. To the best of our knowledge, the 
chemical, physical, and toxicological properties of the glycerol 
tripolylactate have not been investigated. Listed below are the 
toxicological information for glycerol and lactic acid. 

MA8050000 
Glycerol 

SKN-RBT 500 MG/24H MLD 
85JCAE-,207,1986 
EYE-RBT 126 MG MLD 
EYE-RBT 500 MG/24H MLD 
SKN-RBT 5MG/24H SEV 
EYE-RBT 750 UG SEV 

Page 2 

BIOFX* 9-4/1970 
85JCAE-,207,1986 
85JCAE -,656,86 
AJOPAA 29,1363,46 



Regenesis - HRC MSDS 

Section 5 -Toxicological Information (cont) 

Toxicity data: 

Target Organ data: 

RTECS#: 

ORL-MUS LD50:4090 MG/KG 
FRZKAP (6),56,1977 
SCU-RBT LD50:100 MG/KG 
ORL-RAT LD50:12600 MG/KG 
IHL-
RA TLC50:>570MG/M3/1HBIO 
FX*9-4/1970 IPR-RAT LD50: 
4420 MG/KG 
IVN-RAT LD50: 5566 MG/KG 
IPR-MUS LD50: 8700 MG/KG 
SCU-MUS LD50: 91 MG/KG 
IVN-MUS LD50: 4250 MG/KG 
ORL-RBT LD50: 27 GM/KG 
SKN-RBT LD50:>10GM/KG 
IVN-RBT LD50: 53 GM/KG 
ORL-GPG LD50: 7750 MG/KG 
ORL-RAT LD50:3543 MG/KG 
SKN-RBT LD50:>2 GM/KG 
ORL-MUS LD50: 4875 MG/KG 
ORL-GPG LD50: 1810 MG/KG 
ORL-QAL LD50: >2250 
MG/KG 

NIIRDN 6,215,1982 
FEPRA7 4,142,1945 
RCOCB8 56,125,1987 
ARZNAD 26,1581,1976 
ARZNAD 26,1579,1978 
NIIRDN 6,215,1982 
JAPMA8 39,583,1950 
DMDJAP 31,276,1959 
BIOFX* 9-4/1970 
NIIRDN 6,215,1982 
FMCHA2-,C252,91 
FMCHA2-,C252,91 
FAONAU 40,144,67 
JIHTAB 23,259,41 
FM CHA2-,C252,91 
JIHTAB 23,259,1941 

Behavioral (headache), gastrointestinal (nausea or vomiting), 
Paternal effects (spermatogenesis, testes, epididymis, sperm 
duct), effects of fertility (male fertility index, post
implantation mortality). 

OD2800000 
Lactic acid 

Only selected registry of toxic effects of chemical substances (RTECS) data is presented 
here. See actual entry in RTECS for complete information on lactic acid and glycerol. 

J:\Operations\MSDS\HRC MSDS Page 3 



Regenesis - HRC MSDS 

Section 6 - Health Hazard Data 

Handling: Avoid continued contact with skin. Avoid contact with eyes. 

In any case of any exposure which elicits a response, a physician should be consulted 
immediately. 

First Aid Procedures 

Inhalation: 

Ingestion: 

Skin Contact: 

Eye contact: 

Conditions to Avoid: 

Hazardous 
Polymerization: 

Further Information: 

Remove to fresh air. If not breathing give artificial 
respiration. In case of labored breathing give oxygen. Call a 
physician. 

No effects expected. Do not give anything to an unconscious 
person. Call a physician immediately. 

Flush with plenty of water. Contaminated clothing may be 
washed or dry cleaned normally. 

Wash eyes with plenty of water for at least 15 minutes lifting 
both upper and lower lids. Call a physician. 

Section 7 - Reactivity Data 

Strong oxidizing agents, bases and acids 

None known 

Hydrolyses in water to form Lactic Acid and Glycerol. 

Section 8 - Spill, Leak or Accident Procedures 

After Spillage or 
Leakage: 

Disposal: 

Neutralization is not required. This material may be burned 
in a chemical incinerator equipped with an afterburner and 
scrubber. 

Laws and regulations for disposal vary widely by locality. 
Observe all applicable regulations and laws. This material, 
may be disposed of in solid waste. Material is readily 
degradable and hydrolyses in several hours. 

No requirement for a reportable quantity (CERCLA) of a spill is known. 

J: \Operations\MSDS\J-IRC MSDS Page 4 



Regenesis - HRC MSDS 

Section 9 - Special Protection or Handling 

Should be stored in plastic lined, steel, plastic, glass, aluminum, stainless steel, or 
reinforced fiberglass containers. 

Protective Gloves: 

Eyes: 

Ventilation: 

Storage: 

Vinyl or Rubber 

Splash Goggles or Full Face Shield 
Area should have approved means of washing eyes. 

General exhaust. 

Store in cool, dry, ventilated area. Protect from incompatible 
materials. 

Section 10 - Other Information 

This material will degrade in the environment by hydrolysis to lactic acid and glycerol. 
Materials containing reactive chemicals should be used only by personnel with 
appropriate chemical training. 

The information contained in this document is the best available to the supplier as of the 
time of writing. Some possible hazards have been determined by analogy to similar 
classes of material. No separate tests have been performed on the toxicity of this material. 
The items in this document are subject to change and clarification as more information 
becomes available. 

J:\Operations\MSDS\HRC MSDS Page 5 
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HRC® Injection Instructions 



REGEN ESIS 

Hydrogen Release Compound (HRC®) 

INSTALLATION INSTRUCTIONS 
Direct-Push Injection 

GENERAL GUIDELINES 

The best method to deliver HRC into the subsurface is to inject the material through direct push 
rods using hydraulic equipment. This approach increases the spreading and mixing of HRC into 
the aquifer. This set of instructions is specific to direct push equipment. 

Regenesis has found that very few pumps can adequately deliver HRC to the subsurface. 
Although other pumps may be capable of injecting HRC, \\e have developed the following 
instructions specifically for use with an R.E. RUPE Company Model ORC/HRC 9-1500 mixing 
and pumping machine. There is also strong evidence that the Geoprobe GS-2000 pump can 
effectively deliver HRC to the subsurface. In gereral, Regenesis strongly recommends using a 
pump with a minimum pressure rating of 1,500 pounds per square inch (psi) and a minimum 
delivery rate of 3 gallons per minute. 

The installation of HRC should span the entire vertical contaminated saturated thickness. If the 
vertical extent of HRC application is confined to a limited interval, then the HRC material should 
be placed across a vertical zone extending a minimum of 2 feet above and below the screened 
Interval of monitoring wells to be used to evaluate the performance of the bioremediation 
project. 

MATERIAL OVERVIEW, HANDLING, AND SAFETY 

HRC is shipped in 4.25- gallon buckets and each bucket has a gross weight of approximately 32 
pounds (net weight of HRC is 30 pounds). At room temperature, HRC is a sticky gel with a 
viscosity of approximately 20,000 centipoise (roughly equivalent to cold honey). The HRC 
material has a nominal density of 1.3 grams/cubic centimeter or approximately 10.8 pounds per 
gallon. The viscosity of HRC is temperature sensitive. Significant changes in viscosity are 
observed with large changes in product temperature. It should be noted that the 
temperature/viscosity relationship is not linear. For ease of installation, HRC should be stored in 
a warm, dry place that is protected from direct sunlight. It is common for stored HRC to settle 
somewhat in a container. Pre-heating HRC makes it easier to work with the material. Although 
HRC is manufactured as a food-grade material that is safe to ingest, field personnel should take 
precautions while handling and applying HRC. Field personnel should use appropriate safety 
equipment, including eye protection. The low pH when dissolved in water and the viscosity of 
the product make eye protection mandatory. Gloves should be used as appropriate based on the 
exposure duration and field conditions. A Material Safety Data Sheet is provided with each 
shipment. Personnel who operate field equipment during the installation process should have 
appropriate training, supervision, and experience. 



SPECIFIC INSTALLATION PROCEDURES 

1) Prior to the installation of HRC, any surface or overhead impediments should be identified as 
well as the location of all underground structures. Underground structures include but are not 
limited to: utility lines, tanks, distribution piping, sewers, drains, and landscape irrigation 
systems. 

2) The planned installation locations should be adjusted to account for all impediments and 
obstacles. 

3) Regenesis recommends pre-heating HRC in a hot water bath. Place unopened buckets of 
HRC into an empty water tank. A Rubbermaid fiberglass Farm Trough Stock Tank (Model 
4242-00-GRA Y) is typically used for this application and can hold up to 16 buckets of HRC. 
Hot water (approximately 130-170°F or 54-77°C) should be added to the tank after the 
buckets of HRC have been placed inside. When the HRC reaches a minimum temperature of 
95°F or 35°C (approximately 20-30 minutes) it is ready to be poured into the pump hopper. 

4) Pre-mark the installation locations, noting any points that may have different vertical 
application requirements or total depth. 

5) Set up the direct push unit over each specific point and follow the manufacturer standard 
operating procedures (SOP) for the direct push equipment. Care should be taken to assure 
that probe holes remain in the vertical. 

6) For most applications, Regenesis suggests using 1.25-inch O.D./0.625-inch 1.D Geoprobe 
brand drive rods. However, some applications may require the use of 2.125-inch O.D./1.5-
inch l.D. drive rods. 

7) The HRC delivery sub-assemblies that Regenesis currently uses are designed for 1.25-inch 
Geoprobe rods. Other brands of drive rods can also be used but require the fabrication of a 
sub-assembly (see Regenesis Website). 

8) Advance drive rods through the surface pavement, as necessary, following SOP. 

9) Push the drive rod assembly with an expendable tip to the desired maximum depth. 
Regenesis suggests pre-counting the number of drive rods needed to reach depth prior to 
starting injection activities. 

10) After the drive rods have been pushed to tre desired depth, the rod assembly should be 
withdrawn three to six inches. Then the expendable tip can be dropped from the drive rods, 
following SOP. 

a) If an injection tool was used instead of an expendable tip, the application of material can 
take place without any preliminary withdrawal of the rods. 

2 



11) In some cases, introduction of a large column of air may be problematic. This is particularly 
the case in deep injections (>50 ft) with large diameter rods(> 1.5-inch O.D.). To prevent the 
injection of air into the aquifer during HRC application, fill the drive rods with water. 

12) Pour the pre-heated HRC into the pump hopper (up to 40 gallons). Remove the separated 
HRC from the bucket bottom by tipping the bucket into the hopper and scraping out the 
smooth residual material. Use the pumps mixing and recirculation features to create a 
uniform consistency. This typi::ally requires recirculation of approximately one hopper 
volume. NOTE: Do not attempt to mix HRC with water or other liquids to thin or decrease 
the viscosity of the material. This may adversely affect HRC longevity. 

13) A volume check should be performed prior to injecting HRC. Determining the volume 
displaced per pump stroke can be accomplished in two easy steps. 

a) Determine the number of pump strokes needed to deliver 3 gallons of HRC (use a 
graduated bucket for this) 

b) Divide 3 gallons by the results from the first step to determine the number of gallons of 
HRC delivered by each pump stroke. 

c) Level indicators present in the hopper are in 3 gallon increments. 

d) The volume of HRC displaced should be confirmed using the HRC level indicators 
located inside the pump hopper. 

14) Connect the 1.25-inch O.D., I-inch l.D. delivery hose to the pump outlet and the provided 
HRC delivery sub-assembly. Circulate HRC trough the hose and the delivery sub-assembly 
to displace air in the hose. 

15) Connect the HRC sub-assembly to the drive rod. After confirming that all of the connections 
are secure, pump the HRC through the delivery system to displace the water/fluid in the rods. 
NOTE: Prior to pumping HRC into the aquifer, close the pump recirculation valve; failure to 
do so will allow material to short-circuit into the hopper and change the volume of HRC 
delivered per pump stroke. 

16) The pump engine RPM and hydraulic settings should remain constant throughout the day. 
However, if the hydraulic system starts to "squeal", the pump speed should be decreased 
until the noise is mitigated. 

17) Use the pump's stroke counter and the provided volume/weight conversions to apply the 
appropriate HRC volume per injection location (and per vertical foot of contaminated 
saturated zone). Table 1 shows typical HRC delivery information followed by an example 
calculation. 

3 



Table 1: Pump Volume Calculation 

Example: For each injection location, install 60 pounds of HRC across 10 vertical feet of aquifer 
(an application rate of 6 pounds per vertical foot). 

Solution: 

• 60 pounds/10.8 pounds per gallon~ 5.6 gallons for the injection location 

• 5.6 gallons/0.2 gallons per stroke ~ 28 pump strokes for the injection location 

• 28 pump strokes/I 0 vertical feet = 2.8 strokes per vertical foot 

• 2.8 strokes per vertical foot= 8.4 strokes per 3 foot drive rod 

• 2.8 strokes per vertical foot = 11.2 strokes per 4 foot drive rod 

18) Slowly withdraw the drive rods using Geoprobe Rod Grip or Pull Plate Assembly (Part 
AT1222-For 1.25-inch drive rods). While slowly withdrawing single lengths of drive rod (3 
or 4 feet), pump the pre-determined volume of HRC into the aquifer across the desired 
treatment interval (Step 13). Use the stroke counter and pump on/off switch to control 
volume of injection. See Helpful Hints at the end of this section. 

19) Remove one section of the drive rod. The drive rod may contain some residual HRC. Place 
the HRC-filled rod in a clean, empty bocket and allow the HRC to drain. Eventually, the 
HRC should be returned to the HRC pump hopper for reuse. 

20) Observe any indications of aquifer refusal. This is typically indicated by a high-pitched 
squeal in the pump's hydraulic system or (in the case of shallow applications) HRC 
"surfacing" around the injection rods or previously installed injection points. If aquifer 
acceptance appears to be low, allow enough time for the aquifer to equilibrate prior to 
removing the drive rod. 

21) Repeat steps 15 through 20 until treatment of the entire contaminated vertical zone has been 
achieved. 

22) Install an appropriate seal, such as bentonite, above the HRC material through the entire 
vadose zone. Depending on soil conditions and local regulations, use a bentonite seal via 
chips or pellets after the probe rods have been removed. This assures that the HRC remains 
properly placed and prevents contaminant migration from the surface. If HRC continues to 
"surface" up the direct push borehole, an appropriately sized (oversized) disposable drive tip 
or wood plug/stake can be used to plug the hole until the aquifer equilibrates and the HRC 
stops surfacing. 

23) Remove and clean the drive rods as necessary. 

24) Finish the borehole at the surface as appropriate (concrete or asphalt cap, if necessary). 

25) Periodically compare the pre- and post-injection volumes of HRC in the pump hopper using 
the pre-marked volume levels. Volume level indicators are not on aU pump hoppers. In this 
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case, volume level markings can be temporarily added using known amounts of water and a 
carpenter's grease pencil (Kiel crayon). We suggest marking the water levels in :>.gallon 
increments. 

26) Move to the next probe point, repeating steps 8 through 25. 

HELPFUL HINTS 

1) Application in Cold Weather Settings 

The viscosity of HRC is directly related to the ambient temperature. As discussed in the 
Material Overview, Handling, and Safety section, cold weather tends to increase HRC viscosity 
and decrease ease of pumping. To maintain HRC at a temperature/viscosity at which it is easy to 
apply: 

Raise and maintain the temperature of the HRC to at least 95°F (35°C) prior to pouring it into the 
pump hopper. 

Insulate the delivery hose and keep the pump and hot water bath inside an enclosed structure 
such as a cargo van or trailer. 

Periodically check the HRC temperature in the hopper. 

Occasionally re-circulate HRC through the pump and hose to maintain temperature and 
viscosity. 

The volume of HRC recirculated should not exceed the volume of HRC in the hopper. 

Do not constantly recirculate HRC through the pump and hoses, as this may adversely affect the 
longevity of HRC. 

2) HRC Pump Information 

Regenesis has evaluated a number of pumps that are capable of delivering 20,000 centipoise 
HRC to the subsurface at a sufficient pressu-e and volumetric rate. Although a number of pumps 
may be capable of delivering the HRC to the subsurface at adequate pressures and volume, each 
pump has a set of practical issues that make it difficult to manage in a field setting. As a result of 
this evaluation, Regenesis has determined that the R.E. RUPE Company Model ORC/HRC 9-
1500 meets the pressure and volume requirements needed to successfully inject HRC in the field. 
In general, Regenesis strongly recommends using a pump with a minimum pressure iating of 
1,500 pounds per square inch (psi) and a minimum delivery rate of 3 gallons per minute. When 
applying measured volumes of HRC via probe boreholes, it is useful to know the volume of a 
single pump stroke (Table I above) and the associated delivery system lines. The following 
additional information is provided for reference: 
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Table 2 : HRC Physical Characteristics 

Density 
Viscosity 

1.3 glee or 10.8 lbs/gal 
Approx. 20,000 centipoise 

Table 3: Equipment Volume and HRC Weight per length 

Equipment 

I-inch OD; 0.625-inch ID hose (10 feet long) 
1.25-inch OD; 0.625-inch ID drive rod (3 feet length): 
1.25-inch OD; 0.625-inch ID drive rod (4 feet length): 

3) Pump Cleaning 

Volume 

0.2 gallon 
0.05 gallon 
0.06 gallon 

HRC weight 

1.8 lbs. 
0.5 lbs. 
0.7 lbs. 

For best results, use a hot water pressure washer (150 - 170 °F or 66 - 77 °C) to clean equipment 
and rods periodically throughout the day. Internal pump mechanisms and hoses can be easily 
cleaned by circulating hot water and a biodegradable cleaner such as Simple Green through the 
pump and delivery hose. Further cleaning and decontamination (if necessary due to subsurface 
conditions) should be performed according to the equipment supplier's standard procedures and 
local regulatory requirements. 

NOTE: The remote control/pump counter should be kept dry at all times. If it gets wet, it will 
short-circuit and will need to be replaced. 

Before using the Rupe Pump, check the following: 

• Fuel level prior to engaging in pumping activities (it would be best to start with a full 
tank) 

• Remote control/pump stroke counter LCD display (if no display is present, the electronic 
counter will need to be replaced (Grainger Stock No. 2A540)) 

Monitor pump strokes by observing the proximity switches (these are located on the top of the 
piston). 

4) HRC Bedrock Applications 

When contaminants are present in competent bedrock aquifers, the use of direct push technology 
as a delivery method is not possible. Regenesis is in the process of developing methods for 
applying HRC via boreholes drilled using conventional rotary techniques. To develop the best 
installation strategy for a particular bedrock site, it is critical that our customers call the technical 
support department at Regenesis early in the design process. 

HRC can be applied into a bedrock aquifer in cased and uncased boreholes. HRC can be 
delivered by simply filling the borehole without pressure or by using a single or straddle 
packer system to inject HRC under pressure. Selection of the appropriate delivery 
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method is predicated on site-specific conditions. The following issues should be considered in 
developing an HRC delivery strategy: 

• Is the aquifer's transmissivity controlled by fractures? 

• Backfilling may be the better delivery method in massive, unfractured bedrock. This is 
particularly true in an aquifer setting with high permeability and little fracturing (such as 
that found in massive sandstone). 

• Down-hole packer systems may be more advantageorn in fractured bedrock aquifers. 

• In this case the fracture type, trends, and interconnections should be evaluated and 
identified. 

• Are the injection wells and monitoring wells connected by the same fractures? 

• Determine if it is likely that the HRC injection zone is connected to the proposed 
monitoring points. 

• If pressure injection via straddle packers is desired, consideration should be given to the 
well construction. Specific issues to be considered are: 

Diameter of the uncased borehole (will casing diameter allow a packer system to 
be used?). 

• Diameter of the casing (same as above). 

Strength of the casing (can it withstand the delivery pressures?). 

• Length of screened interval (screened intervals greater than I 0 feet will require a 
straddle packer system). 
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