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Dave, Lane,
It looks like the new EM logs at KAFB-106S10 and KAFB-106V3 are reasonable and
that they show that the older Jet West logs are indeed miscalibrated, as we knew all
along. See attached for more on this. Pass it along to whomever you think wants to
look at it and call me with any questions and comments.
Sid
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Upon comparison of the 2 new EM induction logs conducted by Jet West (KAFB-106S10 and
KAFB-106V3) with the previous EM Induction logs conducted by Jet West at the BFF it becomes
clear that at least one of the data sets has a calibration issue. Table 1 shows the minimum,
maximum and average apparent resistivity values obtained from KAFB-106S10 and 4 nearby
borings previously logged by Jet West. Figure 1 shows the deep induction curve from KAFB106S10 and the deep induction curve from nearby KAFB-106117.
Table 1 presents a comparison of the 3 different values from the new EM induction log from Jet
West from KAFB-106S10 with 4 existing Jet West logs, two soil vapor wells (KAFB-106117 and
KAFB-106119) and 2 groundwater wells (KAFB-106024 and KAFB-106078) ranging in distance
from about 70 feet to 220 feet from KAFB-106S10. Minimum, maximum and average values are
shown from 10 ft. depth to 450 ft. depth (except for KAFB-106119, which shows values from
10-440 ft. depth) for both the medium and deep resistivity curves
{Since the soil vapor wells and groundwater wells have differing well construction details it is
important to check if there is a significant effect on the mea,sured values. It does not appear
that there is a significant difference.}
Table 1 shows that the average deep apparent resistivity value from KAFB-106S10 is about 6
times higher and the maximum apparent resistivity value is about 10 times higher than the
other 4 borings. The average medium apparent resistivity value from KAFB-106S10 is about 3-4
times higher and the maximum apparent resistivity value is about 10 times higher than the
other 4 borings. The minimum apparent resistivity value from KAFB-106S10 is only somewhat
higher than in the other 4 borings. Since all 5 borings are close, and are in a similar geologic
environment it would be expected that they have similar average values. It seems that there is
a calibration issue. Therefore, either the original Jet West logs or the present logs (or both) are
not calibrated properly. A comparison using KAFB-106V3 and the 4 borings in the 10 to 270 foot
depth range also yields a similar result.
Figure 1 is a comparison of the deep resistivity logs from KAFB-106S10 and KAFB-106117. The
borings are about 70 feet apart. As can be seen, there is a large discrepancy between the two
curves, even though they are close and in the same geologic environment. Similar graphs of
KAFB-106S10 and KAFB-106V3 comparing medium resistivity logs and with the same 4
comparison boreholes all show the same large discrepancy.
As opposed to the earlier Jet West logs (which do not have resistivity values in the expected
range of a few hundred or so ohm-m for sands and gravels), the EM logs for KAFB-106S10 and
KAFB-106V3 seem reasonable and is consistent with other EM logs in the general geologic area
conducted by other logging companies. They all show values of a few ohm-meters for clay with
coarser zones having values in the hundreds of ohm meters. The log KAFB-106S10 log easily
shows at least three depths with coarse sediments (around 190 feet, 295 feet and 400 feet).
The geologic log indicates at least 25% gravels at these depths. The new EM logs also show clay
zones at the expected depths as shown in the geologic logs.

Figure 2 is similar to Figure 1 but uses a different horizontal scale to better see the log from
KAFB-106117. It shows that no gravel zones stand out on the log, even though, for instance, at
300 feet the geologic log shows 95% gravel.
This discrepancy becomes extremely important because while KAFB-106S10 has a large portion
of its extent well described geologically due to coring (aUowing continuous and in-situ sampling)
all the previously logged Jet West borings were drilled with the ARCH drilling method with
samples collected usually on a 5 foot basis after travelling up the holes (discontinuous and
disturbed). Zones can be missed or mixed, thickness and tops and bottoms of zones are not
apparent and fines can be lost as they are blown out of the hole. Calibrated geophysical logs are
therefore useful to complete the geologic picture in an ARCH drilled boring. Figure 3 shows a
comparison of geologic and EM geophysical logs at 4 borings at KAFB BFF site. Even using the
uncalibrated earlier Jet West logs the advantages of a geophysical log to help augment a
geologic log in an ARCH drilled boring is apparent. While zones might be missed, misidentified,
or mislocated in a geologic log, the geophysical log can show horizontal continuity and vertical
consistency in much greater detail (see both Figures 3 and 4) . The geophysical logs show
continuous and objective data.
While the earlier Jet West logs were useful in detecting clay areas (apparent resistivity values
on the lower end of the scale) they do not seem to be useable for detecting coarser zones. In
fact, this is what concerned NMED before 2012 - the logs did not show the expected resistivity
values of hundreds of ohm meters in coarse zones The NMED has long contended that the
earlier Jet West logs were not calibrated properly. Even the Air Force has alluded to the fact
that there was a problem.

NMED expressed additional concern over the validity of the electrical resistivities prepared
under the current characterization effort. As standard practice for Jet West's dual induction
probe, the deep and medium induction tool is calibrated using two points from known
standards before mobilization, 0 and 606 millimhos (mmhos) for the deep induction and
0 and 2005 mmhos for the medium induction. The 606 and 2005 mmhos calibrations are
achieved by placing a known standard on the tool itself during "shop" calibration. The
0 mmhos values for both medium and deep induction are normally generated by orienting the
induction tool away from all conductive sources. However, Jet West stated that it was
physically impossible to isolate the induction tool from nearby conductive sources.
Therefore, as their method of correction, Jet West mathematically shifts their 0 mmhos
calibration value in order to keep the conductivity measurements above zero and to make the
calculated resistivity measurements more consistent with known resistivity values of
shale/clays and sandstone/sands. Through past empirical trials, in open uncased boreholes
and using the basic equation R=l 000/C where R is resistance and C is conductivity, Jet West
identified this baseline shift by comparing the measured electric resistivity values with the
measured induction resistivity values collected from the same uncased borehole and
determined that their induction tool's zero baseline needed to be shifted approximately
58 mmhos, thereby forcing all conductivity measurements above zero (non negative) and
generating a shale baseline of approximately 160 mmhos (conductivity), which is equal to
6.25 ohmm (resistivity). After the reinvestigation of Jet West logs, it appears that this shift
may be an over correction for a cased hole scenario, thus forcing the resistivity logs to appear
anomalously low for all lithologies at the BFF spill site.

From Air
Force lettter
to NMED
May, 2012

Within this paragraph there are many problems, such as:
•

Resistance (conductance) is not the same as resistivity (conductivity) yet they seem to
be used interchangeably or wrongly here,

•

Resistance (conductivity) units differ from resistivity (conductivity) units, yet they seem
to be used interchangeably or wrongly here,

•

"R=lO00/C where R is resistance and C is conductivity" has many mistakes. One can
change resistance to conductance or resistivity to conductivity, but one cannot change
resistance to conductivity. Since resistance (resistivity) is the inverse of conductance
(conductivity) the equation is R=l/C and the 1000 comes into play only if the units are
changed (for example converting ohm meters to millimhos/m instead of mhos/m).

•

the confusion between Oas a calibration value as opposed to a free air check,

•

how zero can be used as a standard when a good free air check could not be obtained,

•

which uncased borehole is being referred to how it can be use it for all boreholes,

•

how they determined the shift,

•

why it was not seen that the applied shift did not make the measured apparent
resistivities "consistent with known resistivity values of ......sandstones/sands",

•

why NMED was not notified earlier as to the logger's troubles attaining ASTM standards
(which calls for 2 calibration standards and a free air check) as required in the work plan.

Unfortunately, nothing was done to resolve the issue of these miscalibrated logs and an
opportunity to refine the understanding of the geologic environment at the site was missed.
Figure 5 is a deep resistivity calibration form from the older Jet West log set. This is added to
show some of the other calibration problems with the older EM data set. For example, the
vertical axis is labeled as counts per second. Counts per second is a gamma related unit, not a
resistivity value. The calibration standard and the x-axis is given as 606 mm hos/cm yet the
manufacturer manual lists their calibration standard as 606 mmhos/m. These are probably
typos, but even typos should not appear on a QA form. The prelog and postlog fie ld calibration
% slope differences are in the 20-25% range. There is no QC standard in the project QC manual
to determine if this seemingly high value is acceptable or not.
There is another concern between the recent 2 logs and the earlier logs. In the recent logs the
medium resistivity logs typically track or have lower resistivity values than the deep resistivity
logs, while in the older logs the medium resistivity logs typically track or have higher resistivity
values than the deep resistivity logs. This would indicate two different borehole conditions
which needs to be explained.
The new data set seems very reasonable. There is the expected difference in apparent resistivity
between clays and sands by an order of magnitude, and the clays and gravels are at the same
depths in the geologic and geophysical logs. But as to the adherence of the newer set of Jet West
logs to ASTM there are still some questions. The Jet West representative told the NMED
representative at the site that they did not do the free air check. Also, they seem to use "0" as

one of the two calibration standards. It is unclear how it is done, if zero is even valid as a
calibration standard or just a calibration test, and what zero as a calibration point means if they
didn't do a free air check.
As an aside, but as a consequence of the lack of calibration in the older logs - the Air Force's
stratigraphic model seen in part in their CSM Findings and Proposed New Well Locations, May
21 , 2020 presentation seems to use the older EM logs as the basis for their "Fine-Grained
Ancestral Rio Grande Deposits" shown on the cross-sections and fence diagram. Many of these
fine-grained deposits appear to be artifacts of the lack of calibration of the older logs. Since the
actual resistivity values in the mid to upper resistivity ranges (which are not indicative of finegrained deposits) are not accurately represented on the logs and are recorded as low value in the
log curve many of the "Fine-Grained Deposits" may be deposits with medium resistivity values
near deposits with higher resistivity values and are not indicative of a fine-grained zone. That is,
on these miscalibrated logs, while a layer with a value of 3 or 4 ohm-m is most probably silt/clay,
a layer of 10 ohm-m next to a layer of 15 ohm-m, while looking like a lower resistivity layer may
not have a real resistivity value low enough to be indicative of a fine-grained unit. While the
geophysical logs suggest some silt/clay zones do exist and may be continuous for hundreds of
feet, they are unconvincing to indicate continuous fine-grained zones for the lengths shown, and
on the scale shown the values do not appear to be low enough to indicate fine-grained zones,
just that they are lower than the layers near them . They should try to be correlated with some
indication of the geologic logs, (but of course that is problematic because the of the problems
described above using ARCH based geologic logs). None of the geologic logs show vertical and
horizontal continuity of most of the shown "Fine-Grained Deposits" (except for the two major
clay/silt zones in the 250 - 300 foot depth range). Many of the "Fine-Grained Deposits" also are
questionable due to the fact that they are drawn through gamma lows and drawn through steel
centralizers (which interfere with the EM method and appear as zero and negative resistivity
values on the logs).

Conclusion
While the two new logs appear fine, they show that the previous Jet West logs were not
calibrated properly. The older logs are useful for identifying silt/clays on the lower end of the
resistivity spectrum but are problematic when trying to be used for identifying sands and
gravels. They older logs should not be used or quantitative analysis and care should be taken if
they are used to produce stratigraphic models like the CSM produced for the Air Force.
Identification of the continuity and thickness of the coarser zones could have been useful in
understanding the distribution of soil vapor in the subsurface, both in the alluvial fan deposits
and the Ancestral Rio Grande deposits. Unfortunately, the older Jet West log set was not
superseded by a reliable data set in the logged boreholes.

boring
minl0-450
-

---

119
5.1

deep resistivity
78
5.3

23.4

23.5

19

19.7

9.5

9.5

9.1

9

2.3

_!!ledium resistivity
4.4
5

27.1

24.4

36.6

33.9

16

14.6

15

13.5

--+

max450
av450

---

-+

minl0-450
-

---+

,~l l-

117
3.6

S10
5.8

av450

-1-

266.2

61.9
6.8

t

max450

r

-~

j

339.4
48.7

I

values in ohm-m
no minimum value for KAFB-106024 due to interference from steel cent ralizers
values from KAFB-106119 are from 10-440
- .,__

__

~

Table 1. Comparison of Apparent Resistivity values from KAFB-106S10 vs. 4
Nearby Borings
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Figure 1. Deep EM resistivity log from KAFB-106S10 and KAFB-106117.
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Figure 2. Deep EM Resistivity Log from KAFB-106S10 and KAFB-106117 (Similar
to Figure 1 but with Expanded Scale to Better see KAFB-106117 log).
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Figure 3. Comparison of Geologic Logs (USCS classifications) to EM logs at 4
borings at KAFB BFF that are within 130 Feet of Each Other.
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Figure 4. Seven Continuous Layers Showing Horizontal Continuity and Vertical
Consistency Not Discernable in the uses Classifications of the Same 4 Borings
Shown in Figure 3.
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Figure 5. Example of a Deep Induction Calibration form from the older Jet West
Log Set.

NMED expressed additional concern over the validity of the electrical resistivities prepared
under the current characterization effort. As standard practice for Jet West's dual induction
probe, the deep and medium induction tool is calibrated using two points from known
standards before mobilization, 0 and 606 millimhos (mmhos) for the deep induction and
0 and 2005 mmhos for the medium induction. The 606 and 2005 mmhos calibrations are
achieved by placing a known standard on the tool itself during "shop" calibration. The
0 mmhos values for both medium and deep induction are normally generated by orienting the
induction tool away from all conductive sources. However, Jet West stated that it was
physically impossible to isolate the induction tool from nearby conductive sources.
Therefore, as their method of correction, Jet West mathematically shifts their 0 mmhos
calibration value in order to keep the conductivity measurements above zero and to make the
calculated resistivity measurements more consistent with known resistivity values of
shale/clays and sandstone/sands. Through past empirical trials, in open uncased boreholes
and using the basic equation R=I000/C where R is resistance and C is conductivity, Jet West
identified this baseline shift by comparing the measured electric resistivity values with the
measured induction resistivity values collected from the same uncased borehole and
determined that their induction tool's zero baseline needed to be shifted approximately
58 mmhos, thereby forcing all conductivity measurements above zero (non negative) and
generating a shale baseline of approximately 160 mmhos (conductivity), which is equal to
6.25 ohmm (resistivity). After the reinvestigation of Jet West logs, it appears that this shift
may be an over correction for a cased hole scenario, thus forcing the resistivity logs to appear
anomalously low for all lithologies at the BFF spill site.

