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DATE : November 1, 1995 

TO : Annette Primrose, Sitewide Actions, Bldg. T893A, x4385 

FROM: 

SUBJECT: Indicated Faults at RFETS 

Fred Grigsby, Hydrogeology, Bldg. T893B, x7728 && 

INTRODUCTION 

The fault study at RFETS originated as a result of drilling and 
logging the pilot holes 21193 through 21693 on OU2. These holes 
were close spaced, had good core recovery, and a full suite of 
downhole geophysical logs were run for each hole. I had the 
opportunity to look at the core from each of these holes as it was 
recovered, and was either present when the downhole logs were run, 
or saw the logs soon after logging procedures were completed. I 
also did the QA on each of the core logs as they were in progress. 
Because of the hole spacing it seemed feasible that the geophysical 
logs would correlate over the short distances between holes even 
though the depositional environment was not generally favorable for 
producing continuous stratigraphic horizons that could be 
identified on the logs. The results were better than expected, and 
one unit (ltAll Claystone) was identified that appeared to be the 
most reliable over the area, The initial interpretation of the data 
at that time was that fault N0.4 probably exists as shown on Plate 
7-1 of the 1995 Geologic Characterization Report and on Figure 1 
which is included with this memorandum. The intensity of faulting 
along the front range province is illustrated on Figure 2 and tends 
to substantiate the interpretation that faulting also is likely at 
RFETS. 

At about the same time that the OU2 program was in progress, the 
Systematic Evaluation Program (SEP) group was drilling a series of 
boreholes for shear wave determinations. One of these holes, No. 
01193 was drilled to a depth of 500 feet, and was located 1200 feet 
west of hole 21393. The neutron log from hole 01193 was basically 
identical with the OU2 neutron logs, and a correlation of these 
logs indicated a distinct down to the west fault that .is shown as 
fault No.3 on Plate 7-1 and Figure 1. Hole 01193 became the type 
section for the Laramie Formation at RFETS, and the neutron, 
density and natural gamma logs from the remaining deep holes were 
correlated to provide the subsurf ace data used to construct the 
present structure map. Because of a lack of data, most of the 
faults were considered as inferred, and most need to be further 
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delineated and evaluated to determine their hydr$d$%c? f&&e with 
depth. 

SUMMARY 

The data incorporated into the structural map presented in the 1995 
geologic characterization report was derived from the geophysical 
logs of 17 bedrock wells that were drilled in 1989, 2 3  geophysical 
logs from boreholes drilled under the sitewide drilling program in 
1991 and 1992, the geophysical l o g s  from the six pilot holes 
drilled on OU2 in 1993, geophysical logs from four of the boreholes 
drilled for the Systematic Evaluation Program in 1993 and 
geophysical logs  from six wells in the 1993 WARP program. The 
geophysical logs of the six SEP control boreholes that were used to 
determine the length and location of the SEP trench were 
incorporated into the map just prior to completing the report. Some 
additional supporting data was a l s o  included when 20 existing 
bedrock wells were logged in 1994. Much of this data is still 
subject to review. 

The resulting interpretation identified 7 possible faults as shown 
on Figure 1. As previously stated faults 3 and 4 were originally 
considered the most probable because of the quality of the data, 
and the close proximity of the boreholes. However the strike of 
both of these structures remains uncertain because of a lack of 
data. Fault No.2 received the most attention because of its 
proximity to building 371, and the fact that the shear wave study 
suggested a fault of similar orientation (down to the east) is 
present in the general area. Cross sections and a geologic 
structure map were constructed from the above data. After a 
comprehensive review of this information the Defense Nuclear 
Facilities Safety Board(DNFSB) made the decision to determine if a 
capable fault system does exist by excavating a trench across the 
indicated fault zone. The trench location was determined by 
drilling 3 pilot holes to confirm the presence of the fault, 
followed by 3 offset holes to attempt to determine the attitude of 
the fault. Hole 69494, which is shown on Figure 3, was drilled into 
the fault zone. The trench was located to the north of the present 
landfill and across No Name Gulch, in an undisturbed area, to 
isolate it from contaminated groundwater. The trench was 570 feet 
in length, averaged approximately 18 feet in depth, and was 4 feet 
wide. Hydraulic shoring was used for support while mapping the 
south wall of the trench. Attempts to locate a site closer to 
Building 371 had not been successful. After the trench was 
completed, several holes were completed in O U 5  that also crossed 
and confirmed the fault. However, offset holes were not drilled 
into the fault zone. Fault No. 2 is now considered a proven 
structure. 

In the 1995 Geologic Characterization Report, all of the faults 
identified were inferred to be high angle reverse faults (based on 
previous studies that had been done along the front range). 
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However, many of the faults occurring at the Marshal Landfill were 
mapped as high angle normal faults (personal communication with 
Mark Wood, RMRS) ,and normal faults may occur at RFETS. The 
subsurface information that is presently available does indicate 
that faults 2 and 4 are high angle reverse faults. 

SEISMIC SURVEYS 

Seismic surveys of the area also support the presence of faulting. 
The deep seismic section show blind thrust faults that originate 
near the base of the Pierre Shale and terminate below the Fox Hills 
Formation. This survey was designed to acquire deep data and does 
not effectively show structure in the shallower formations. The 
correlation of these deep faults with the indicated and inferred 
near surface faults is not feasible with the present data. 

Of the shallow high resolution seismic surveys that have been 
conducted at RFETS, only the data acquired along Indiana Street 
show faults that penetrate the Fox Hills Formation and may extend 
into the Upper Laramie Formation. A fault shown on section WIN 4 
indicates a reverse fault with about the same displacement and 
orientation that can be aligned with fault No. 4 on Figure 1. This 
fault would project to within approximately 500 feet or less to 
well 41692. Another fault shown further to the north, also 
penetrates the Fox Hills Formation. Because of the impedance 
contrast between the Laramie claystones and the Fox Hills 
Sandstone, the deep data on this section, and other HR surveys, may 
be the only generally reliable information that was derived from 
the HR surveys. The fault to the north may indicate a fault that 
could be projected back to RFETS and is yet undefined. 

Seismic line WIN 5 indicates good apparent Fox Hills reflections on 
either end of the line, with a central zone of several hundred feet 
where the data badly deteriorates which may possibly be due to 
faulting. Fault No. 5 can be projected to coincide with t h i s  zone. 
It is likely that the fault system at RFETS is complex and that 
contaminant pathways may exist. 

CORE ANALYSIS 

Fracturing is relatively common in core recovered from the area, 
but several of the deep boreholes drilled during the sitewide 
program in 1991 and 1992 recovered intervals in the middle of core 
runs consisting of damp to saturated clays and/or breccia. Because 
these intervals occurred in the middle of a run there was no chance 
that they consisted of sluff from shallower sediments, and it was 
unlikely that these sediments could become saturated during the 
short time they were exposed to the drilling fluids. The core from 
this program was logged as soon as possible after the core was 
recovered so the insitu moisture could be recorded. These 
intervals, which sometimes occurred at depths exceeding 100 to 150 
feet, tend to suggest that there are some open saturated fractures. 
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WEATHERING 

Weathering was best observed in the walls of the SEP trench which 
normally exposed six to eight feet of bedrock. A primary weathering 
profile could usually be observed in the upper few feet of the 
bedrock, and secondary, strong oxidation was found along fractures 
that would extend several inches into the bedrock. In the areas 
where the fracturing was not extensive, the bedrock between the 
fractures was fresh to only weakly weathered. Strong oxidation 
at depth should indicate an extensive or deep fracture and/or fault 
system. The isopach map of the weathered bedrock at RFETS shows 
areas in the proximity of the indicated faults with thickness up to 
50 feet. 

SEP TRENCH 

One of the objectives of the Systematic Evaluation Program (SEP) is 
to evaluate the seismic risk at RFETS and to evaluate Building 371 
as a primary plutonium storage facility. Because of the indicated 
fault to the east of building 371, it was mandated by the Defense 
Nuclear Facilities Safety Board (DNFSB) that the indicated fault be 
confirmed and evaluated to determine if the fault system is capable 
of producing an earthquake. A capable fault by Nuclear Regulatory 
Commission definition is a fault that shows evidence of a single 
displacement in 35,000 years, or multiple displacements in the past 
500,000 years. The data were subjected to multiple reviews and a 
suitable site for a trench was selected. Attempts to locate the 
trench closer to the building were unsuccessful, so a series of six 
boreholes were drilled to the north of the landfill, and across NO 
Name Gulch (taken from the monitor well location map) to confirm 
the fault and determine the length of the trench. The fault was 
located between boreholes 69194 and 69294, and offset hole 69494 
was drilled into the fault zone. At this time this has been the 
only borehole that has been intentionally drilled into a fault 
zone. Because of budget and objective considerations the holes were 
not cored but were rotary drilled and a suite of downhole 
geophysical logs run on each hole. In addition to confirming the 
fault these holes provided evidence that this fault is relatively 
transmissive with respect to groundwater. Hole 69494 filled with 
water to a depth of 13 feet below ground level in a matter of hours 
(contained a column of water 232 feet deep) and stabilized at a 
depth equivalent to the alluvium-bedrock contact. The holes on 
either side made water at a very slow rate, and with the exception 
of hole 69694, which sustained damage when the casing was dislodged 
while tripping out, all showed no indications of significant water 
flows. Hole 69694 eventually filled t o  a higher level because of 
the damaged seal, but did not show indications of the high water 
flow as was encountered in 69494. During the time that hole 69494 
was open, water movement could be visually detected in the hole. 
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Because the hole was not cored it was not possible to determine the 
interval which accounted for the flow. 

The trench was opened to a length of 570 feet, and an average depth 
of approximately 18 feet. It was 4 feet wide and was supported by 
hydraulic shoring on 4 foot centers. The Rocky Flats Alluvium 
remained competent for the entire length of the trench, while the 
bedrock encountered water flow and caving in the extensive fracture 
zone associated with the indicted fault. At that interval only 6 
to 8 feet of bedrock were exposed, and it was necessary to pump the 
water and add extra shoring to maintain adequate safety conditions 
to continue the investigation of the trench. It is likely that the 
water flow would have increased if the trench would have been 
deeper. This interval was offset from borehole 69494 by 100 feet or 
less. Colored photographs of the trench are available for review. 

CONCLUSIONS 

All of the information presented above supports the potential for 
ground water movement through the fracture systems or faults at 
RFETS. The nature of fracture flow, including depth, direction and 
rate has not been determined. The probability that contaminants 
have migrated vertically to the Fox Hills Formation is unlikely 
because of the tendency of fractures to heal with depth. However 
there is uncertainty as to the extent to which faulting plays a 
role in vertical contaminant transport. 
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