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ABSTRACT

Mechanical failure of a poly-pipe weld associateithvan oilfield salt water gathering
system resulted in a reported release of an esththB00 barrels of salt water in an irrigated
corn field. The affected area covered approximatedcres with potential impact to groundwater
of the Ogallala Formation.

The use of the Geonics Limited Electromagnetic (B¥}-38, terrain conductivity meter
was a rapid, non-invasive method for delineatingzZomtal, while also evaluating vertical salt
impact in the upper 5 feet of the soil horizon {rpone for field crops). Due to the sensitivity of
the EM-38 instrument, conductivity readings obtdiméth the instrument were correlatable with
conductivity values derived from the saturated @amtalyses of soil samples collected from
varying depths in the affected and background ar8dss was particularly useful in evaluating
the severity of the impact and potential agronaraimedial options.

The Geonics Limited EM-31 and EM-34 instrumentsevased to evaluate the vertical
extent of salt impact to soil and the potentialifopact to groundwater, which occurs at a depth
of approximately 175 feet. These deep conductirdggdings were obtained along a north-south
line, which passed through the highest EM-38 regglin The EM-38, EM-31, and EM-34
conductivity readings were used to construct aicedrtconductivity profile with approximate
depths of investigation of 5 feet, 20 feet, anded8, respectively.

Based on data presented on the vertical conductprivfile, it was demonstrated that
groundwater likely was not impacted. Using thisiavasive method eliminated the need for
the installation of deep monitoring wells, whiclsutied in significant cost savings.



BACKGROUND

Mechanical failure of a poly-pipe weld associateithvan oilfield salt water gathering
system resulted in a reported release of an estBB00 barrels (75,600 gallons) of salt water
in an irrigated corn field. Chloride concentragan area oilfield salt water ranged from 75,000
to over 100,000 parts per million (ppm). The redeascurred at the well head of a natural gas
well located in northern Texas County, Oklahoma.

The corn field was irrigated by a pivotal irrigatisystem. As shown on Figure 1, one of
the irrigation system towers passes immediatelytsofithe gas well. The wheel rut formed by
the irrigation tower was a preferred surface floathwvay for the salt water. The salt water
affected area, which covers approximately 7 adseilustrated in Figure 1 by stressed or dead
corn.

The affected area is underlain by Gruver (formadyned Richfield) loam soil (1). The
surface soil has a texture of loam or silt loana tdepth of about 12 inches with clay loam from
approximately 12 to 68 inches. In the immediateaathe land surface has 0.2% slope to the
southeast.

Soils are underlain by sediments of the Tertianalaéa Formation also know as the
High Plains Regional Aquifer. Based on 2008 datenfthe United States Geological Survey
National Water Information System, depth to grouatbwin the immediate area is approximately
175 feet.

EM SURVEY

The Benham Companies, LLC (Benham) was tasked thighhorizontal and vertical
delineation of salt water impact by utilizing non4asive, electromagnetic (EM) terrain
conductivity instruments. Three instruments (EM-88), EM-31 (3), and EM-34 (4))
manufactured by Geonics Limited were used for tihé &irveys. Each of the instruments
consists of a transmitter coil and a receiver calfhen the transmitter coil is energized with a
low voltage current, the resulting magnetic figdduces current flow in moisture within the soil
zone, which produces a secondary magnetic fielte Secondary magnetic field is sensed by the
instrument along with the primary field and theioatf the two is linearly proportional to the
terrain conductivity. A conductivity value is ditty read from the instrument display in
millisiemens per meter (MS/m) or in equivalent imbos per meter (mmhos/m).

The primary difference between the three instrumeéstthe transmitter/receiver coil
spacing, which influences the depths of investigatfor each instrument. Each of the
instruments can be operated with the axis of duestnitter/receiver coils parallel with the ground
surface (horizontal dipole mode) or perpendicutathte ground surface (vertical dipole mode).
Because of the design of the EM-38 and EM-31 insémis, the coil spacing can not be changed.
However, the transmitter and receiver coils of EM-34 are connected by cables. This allows
for the operation of the EM-34 instrument at inteit spacing of 10, 20, and 40 meters. Each of
the 3 instruments is shown in the photographs béfagure 2).



Figure 1. Corn field with gas well and salt watapact.
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Figure 2. Photographs of Geonics EM-38, EM-31, BMd334 instruments (photographs courtesy
of Geonics Limited).

Conductivity readings with each of the instrumeaits averages of conductivity values
from the ground surface to the depth of investagafor each instrument. With instrument coils



in the horizontal dipole mode, the greatest cbaotidn to the reading is from surface impact; and
with the coils in the vertical dipole mode, theajesst contribution to the reading is approximately
one-half the coil spacing (Figure 3) (5).

Figure 3. Response curves for horizontgl)(and vertical () dipole modes versus coil spacing

Q).

The relationship between coil spacing and deptimdstigation for the EM-38, EM-31,
and EM-34 are presented in the table below. Witheased coil spacing, conductivity values are
averaged over a greater depth, which reduces tis#tiséy of the instrument.

Table 1. Relationship between the coil spacind,méntation, and the depth of investigation for
each of the instruments (6).

Coil Spacing Ap_proximate Depth _of Approxi_mat.e Depth
Instrument Meters (Feet’) Investlgat_lon, Feet, Horizontal of Inyestlgatlon, Feet,
Dipole Mode Vertical Dipole Mode
EM-38 1(3.28) 2.5 5
EM-31 3.7 (12.14) 10 20
EM-34 10 (32.81) 25 49
EM-34 20 (65.61) 49 98
EM-34 40 (131.22) 98 196

The EM-34 was only used in the 20- and 40-meterizbotal mode during this study.
As shown in the table above, the depths of invastg with the 10-meter spacing overlapped
with the depths of investigation with the EM-31the vertical mode and the EM-34 20-meter
spacing in the horizontal mode. The EM-34 vertdipble mode was very sensitive to cultural or
short interval variations in terrain conductivitydathis often creates problems running the EM-34
in the vertical dipole mode. Therefore, EM-34 was used in the vertical dipole mode.

The instrument with the greatest sensitivity was #©M-38. EM-38 conductivity
readings can be used to estimate soil conductirdtyes measured from soil saturated paste in
the laboratory (7). The relationship between thé&3 readings and the laboratory analyses of
soil samples can provide some guidance in remedia&tiforts. Results of the EM-38 survey in



the horizontal and vertical dipole modes are preskon Figures 4 and 5, respectively. For the
purpose of this study, EM-38 conductivity valuessi¢ghan 50 mS/m are considered background
values.

For Figures 4 and 5, the brown contour represealiseg of 50 mS/m and encloses the
salt water impacted area. The yellow shaded ag@sents values between 250 and 500 mS/m,
orange shaded area represents values between 800890 mS/m, and the dark orange shaded
area represents values greater than 1,000 mS/mshdwn in the two figures, EM-38 readings
are very similar between the horizontal and vertiipole modes, which indicate similar salt
concentrations to a depth of approximately 5 feet.

Composite soil samples were collected from 11 looat in the study area, which
exhibited EM-38 values ranging from 52 to 1,087 m$Figure 4). Soil samples collected from
each 1-foot interval from surface to a depth oéétfwere submitted to an agricultural laboratory
for saturated paste comprehensive salinity analygesomprehensive salinity analysis provides
major anions, cations, nitrate, boron, pH, eleatr@nductivity (EC), soil texture, moisture, and
calculated values for total soluble salts, sodiuwtsoaption ratio, potassium adsorption ratio,
exchangeable sodium percent, and exchangeablesjumtagercent.

An agronomist working in conjunction with Benhanrretated the EM-38 conductivity
readings at each of the sample locations with HGegaof the soil saturated paste to arrive at a
proposed remedy for the salt water impacted af@ae of the proposed remedies included soil
amendments of organic mater and gypsum for impaateds with values between 50 and 250
mS/m. For areas with EM-38 conductivity valueggrghan 250 mS/m, the impacted soil will be
excavated to depths ranging from 3 to 6 feet arltihei replaced with clean imported soil of
similar type.

Figure 4. EM-38 conductivity survey, horizontal dlip mode.



Figure 5. EM-38 conductivity survey, vertical dipahode.

To evaluate the potential for impact to groundwaii-31 horizontal and vertical dipole
readings along with EM-34 20-meter and 40-metelizbatal dipole readings were obtained
along a north-south line (corresponding with 506t feast, Figures 4 and 5). EM-31 readings
were obtained at 20-foot intervals and EM-34 regsliwere obtained at 50 foot intervals. The
EM conductivity readings were used to constructwbeical conductivity profiles presented on
Figures 6. As discussed above, the conductivitglings presented on Figures 4, 5, and 6 are
averages from surface to depth of investigationitlifar each instrument. Therefore, data
presented on the conductivity profile that indisatieeper penetration of salt water is theoretical
and has not been verified by soil analyses.

As illustrated on Figure 6, conductivity readingmuhish with depth. At a depth of 49
feet, EM-34 20-meter horizontal dipole readingsegalty are less than 250 mS/m. At a depth of
98 feet, the maximum EM-34 reading in the 40-mdterizontal dipole orientation was 135
mS/m.



Figure 6. North-South vertical conductivity profileith EM-38, EM-31, and EM-34 readings,
mS/m.

CONCLUSION

Based on the vertical profiles and the reportedtdép groundwater of approximately
175 feet in 2008, Benham successfully demonstratdéte regulatory agency that groundwater
likely was not impacted by the release of salt watbsing this non-invasive method for the
delineation of salt water impact eliminated theché® deep monitoring wells, which resulted in

significant cost savings.
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