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MIP Probe

Trunkline Connections

EC Dipole

/ Membrane

Heater Block
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formation. The thermocouple is used to monitor & control the temperature.
Supply and return gas lines in the trunkline connect to the fittings at the probe



Nitrogen MIP Principles of
Carrier VOCs to

Gas | Detector Operation:

VOCs diffuse across
VOCs in Saoll the semipermeable
membrane under a
concentration

gradient.
Probe

Body Carrier gas delivers the

VOCs to gas phase

| Semi-permeable | detectors at the
Membrane surface.




MIP Instrumentation

APortable Computer
AF16000 Field Instrument
AMIP Controller

AGas Chromatograph with
three detectors:

APID
AFID
AXSD (or ECD)




MIP Field Operation

A probe machine advances the tool string into the subsurface
Incrementally while atringpottracks the depth of the probe. Rod
and trunkline management provide your daily workout routine.



MIP QA/QC
Field VOC Response Testin

Field standard 5 8
(e.g. Benzene, Field standard is injected
TCE, PCE, etc.) Into 500ml of clean water

NOT A CALIBRATION o e N
The heated MIP probe is
Inserted into the working
standard for 45 seconds



Typical Chemical Response Test
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Detector 1

Trip time Is the time required for analyte to travel across the membrane
and through the trunkline to its first observation at the detector. The

trip time Is entered into the software to allow for accurate tracking of
contaminants in the log.
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meter.
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: PID Detector
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: PID Detector
4.4 x 10B(uV)
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Stop incrementally to

let the contaminants
travel uptrunkline to

the detector
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interval for about 45 seconds to allow time for the probe
e and diffuse contaminants across the membrane. 14



Correlating MIP Detector to Groundwater Sample

EC (mS/m) PID Max (uV « 10°) XSD Max (uV x10%)
0 50 100 150 200 240 06 1 2 3 4 44 02 2 4 6 7.4
0|||||||||||||\|||||||| PN 1T T T T N N Y Y Y T T NN [N (PO SO U SRR RN S NP
- 7
_; ;
1
- |
I ]f
A | 71 mg/l
- 4 (PCE+TCE+DCE+VCQC)
3] T S
: t\ _L—""'-‘-ﬁ._k_‘_ _L_“‘i-""‘“-n
] — A < A
= ]
(=1 — e e———————
1) c .7
o 7] e ——
7] 5
5 — =
1 o
B T £ |
6 — " T =
_ C—
= i-
] A
7 — 1‘\‘
7] Kt
8 ] 5;
7] ¢
85 = [ | U U
0.1 2 4 6 8 0.1 2 4 6 8
GW X-VOC (ug/l) (10%) GW X-VOC (ug/l) (10%)

How does the MIP detector response correlate with groundwater sample results? At
the Skuldelesite the results correlate pretty well. We used a direct push piezometer
with a 1-foot screen interval to collect discrete samples for this comparison.



The HPT Probe System

. TrunklineConnections

EC Array

Replaceable
Screens




HPT Principles of
Operation
jm=

G----

L’ C | A) Water Tank

" @ .l N[ B) Pump & Flow Meter

A
B C) Electronics/computer
[] E D) Trunkline

: T E) Pressure Sensor
Inject Water at _ec_-:-’_-:::::; -
300 ml/min Fhos F) Screened Injection Port

G) Elec. Conductivity Array
Advance Probe at

2 cm/sec
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Inject Water at
300 ml/min

Advance Probe at
2 cm/sec
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HPT Principles of
Operation

The pump in the HPT flow module
(B) draws water from the supply
tank and pumps water down the
trunkline at a constant flow rate. An
inline flow meter measures the flow
rate. The downhole pressure sensor
(E) monitors the pressure generated
by injecting water into the formation
matrix. The HPT probe includes an
electrical conductivity (EQ¥enner
array. The EC, pressure and flow
rate are logged every 0.G6 (15

mm) and displayed onscreen as the
probe is advanced.



w®o
- O
C

HPT Interpretation

HPT Pressure Rule of Thumb:
Hi Pressure >> Lo Permeability

Low Pressure >> Hi Permeabilit



HPT QA/QC

HPT Probe in Reference Tube to Verify
qr £ 2 SN t NBaadz2NB T

Start New Log
HPT Reference Test
Flow {mL/min) HPT (psi)
Bottom 298.4 13.176 capture
Top 299.6 13.377 Capture | HPT Press. ipsi)
; TN 12752
Top 12.989 capture | M1 Flob'"(l‘)" in)
» Bottom 0.0 12.759 capture '
N o0 | 0.230 ICEW | Clear Tests
No-Flow HPT A Target: 0.22 psi = 10%
Cancel < Back Finish

HPT Pressure Transducer Onscreen QA Repor
(data saved to log file)
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—

HPT Pressure
(kPaor psi)

690kPa = 100 ps
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HPT Flow Rate

(ml/min)
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Hi Pressure >> Lo Permeabilit

HPT Pressure Rule of Thljmb:

Y

Low Pressure >> Hi Permeabi
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HPT Pressure Rule of Thljmb:

Hi Pressure >> Lo Permeability!
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Low Pressure >> Hi Permeabi
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Correlating HPT Pressure to Soil Cores

HPT Press. Avg (kPa) HPT Flow Avg (mL/min)
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,/'How well does HPT pressure respond to lithologic changes? He
- -/ we can see the sand -gravel gives low HPT pressure while high
< HPT pressure corresponds to the lower permeability-tlay ¢




HPT and Hydrostatic > Corrected PressufstK
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As you advance below the Watér table hydrostatic préssure effects the HPT pressure
measured. Dissipation tests are used at selected depths to determine the piezometr
pressure. Once we have the potentiometric profile that pressure can be subtracted fr
the total HPT pressure to determine the corrected HPT pressure.



HPT and Hydrostatic P > CorrectedEstK

EC (mS/m) HPT Press. Avg (kPa) Corr. HPT Press. (kPa) Est. K (m/day)
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The corrected HPT pressure is the pressure required to inject water into the formation.
The corrected pressure and flow are then used in an empirical model to calculate the
estimated hydraulic conductivity of the formation at the irstale.
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Combining MIP and HPT Probe
MIHPT

Trunkline
Connections

MIP Membrane

Heater Block

HPT Injection
Screen

Combining these probe
functions into one probe
provides you with information
on contaminant concentration
and distribution and lithologic
iInformation all in one boring.

EC Array
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TheMiHpt Log: SKO5 &kuldelev

Depth (m)
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As well as the detector logs for contaminant level and distribution. Here we
see the chlorinated VOC contaminants are located within the sandy aquifer
YFGSNRAIFE G GKAa €20 0A2Yy O b2g X 2



Location ofSkuldelevDenmark

Here the insert map
shows thatSkuldelevus
located about one hour
west of Copenhagen in
Denmark. A small
community in the
pastoral countryside.
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SkuldelevGeology

Glaciated Region

Site underlain by glacial till and related unconsolidated deposits
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So we ran som#liHpt
logs to see if the HPT
pressure logs could
help understand the
localhydrostratigraphy
To date it was unclear
why the groundwater
plume was migrating in
the direction it was
following. Logs in the
transect were placed
about 8 meters (25ft)
apart.

Skuldelesite Map
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Logs are spaced 8 m (~25ft) apart.
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Skuldele\&K04 Location Log

EC (mS/m) HPT Press. Avg (kPa) XSD Max (uv ><105)
50 100 80 100 150 200 250 300 0.1 1 2 3 4

Sand & Gravel

o EC
Increase
ClayTill

l

80 100 150 200 250 300 0.3 1 2 3 4
Abs. Hydrostatic Pressure (kPa) PID Max (uV «10°)

At Skuldelevthe EC of the clafjll was essentially the same as the EC of
sands and gravels. So maybe that EC peak at the SKO5 log was an anomaly



Skuldele\&K04 Location Log

Sand & Gravel

EC (mS/m) HPT Press. Avg (kPa) XSD Max (uv ><105)
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However, the HPT pressure increased significantly in thetidlay
40



Skuldele\&K04 Location Log

Sand & Gravel

EC (mS/m) HPT Press. Avg (kPa) XSD Max (qu105)
50 100 80 100 150 200 250 300 0.1 1 2 3 4
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\
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Abs. Hydrostatic Pressure (kPa) PID Max (uV « 105)

At this location outside of the main groundwater plume the halogen
specific detector (XSD) found only minor detects of contamination.
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Logs are spaced 8 m (~25ft) apar
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Skudele\EK12MiHpt Log

EC (mS/m) HPT Press. Avg (kPa) PID Max (uV <107) XSD Max (uV «107)
3 50 100 140 90 200 400 600 700 0.0 0.5 1.0 0.0 0.5 1.0
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Notice that the detector responses are almost exclusively in thetitlag this
location. The detector responses are high, almost at the maximum of the
detector range for both detectors.




Logs are spaced 8 m (~25ft) apart.
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the clayl in the subsurface across the site where the

ases in each log.
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Skuldele\HPT Pressure-ection

East (Elevation Corrected) West

MIHPTOLMHP (kPa)  MIHPTO2MHP (Pa)  MIHPTOSMHP (kPa)  MIHPTOAMHP(Pa)  MIHPTOSMHP (kPa)  MIHPTOZMHP (kPa)  MIHPTOBMHP (kPa) ~ MIHPTOOMHP (kPa)  MIHPTIOMHP (kPa)  MIHPT11.MHP (kPa)  MIHPT12B.MHP (kPa)
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Press. Avg Press. Avg
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If we draw a line between each log connecting the elevation where the HPT
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Skuldele\HPT Pressure-ection

East (Elevation Corrected) West

MIHPT10.MHP (kPa) MIHPT11.MHP (kPa) MIHPT12B.MHP (kPa)
0 500 700 O 500 700 0 500 700
IS

SK04 SKO05

This surface separates the top of the high pressuretildyom the low
pressure, sands and gravels (Aquifer materials). Looking at the profile it
looks like a cross section of a stream valley.



