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R.L., and Ledgerwood, R.F., June 1986, Design,
Drilling and Construction of Well RRL-2B and
Piezometer Nest RL-2C. Rockwell Hanford Operations.
Richland, WA.
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DATE REVIEW COMPLETED: January 23. 1987

ABSTRACT OF REVIEW: APPROVED BY: ________________

The document describes the design, drilling, and construction of
well RRL-;B and piezometer nest RRL-2C. RRL-2B is designed as a
discharge well for large-scale hydraulic stress tests in specific
units of the Grande Ronde basalt. Piezometer nest RRL-2C
contains the primary observation points in the vicinity of the
RRL-2 location. Water levels also will be measured in RRL-2C as
part of the baseline monitoring program.

Each piezometer was developed after installation. Development
procedures were employed to remove particulate matter from the
piezometer tubing. Each tube was flushed with Hanford system
water. This procedure insures that water of uniform composition
exists in the piezometer tubes for monitoring hydraulic head.

Hydrogeologic coefficients were quantified based on data
collected during well development operations at boreholes RRL-2B
and RRL-2C. The report concludes that vertical hydraulic head
transients occurred in the interiors of the Rocky Coulee and
Cohassett flows during piezometer development of adjacent basalt
flow tops.

This document constitutes a comprehensive description of the
drilling and construction operations for well RL-2B and borehole
RRL-2C. Some confusion arises from the review of this document.
The document describes the integrity testing procedures applied
to the piezometer tubes in borehole RL-2C. The procedures
employed to test piezometer integrity are applied at the time of



installation. Subsequent integrity tests are not discussed in
this document; we would not expect to see such procedures
described in an as-built document such as this. However, the
question arises as to whether the piezometer tubes will be tested
for integrity in the future on a regular basis. We can speculate
that the piezometer tubes could corrode selectively due to the
multiple metal components inherent in the cluster well
construction. Selective corrosion could create a piezometer tube
which is open to more than the intended monitoring horizon. In
that case the water levels measured in that tube would reflect a
composite water level.

The drilling described for well RRL-2B indicates that the 12.615
inch ID steel casing is not cemented in place through the Saddle
Mountains basalt. The absence of cement may allow the
interconnection of the Elephant Mountain Member, the Rattlesnake
Ridge interbed, the Pamona Member, the Selah interbed. and the
Esquatzel Member. Such interconnection of basalt flows should be
avoided for obvious reasons.

Table F-3 lists the chemical quality of the water in the
piezometer tubes after flushing with Hanford system water. The
table does not state specifically whether the chemical quality
data reflect the water that was injected into the tubes or
whether the water quality data reflect the in situ chemical
quality of the water in the piezometer tubes.

BRIEF SUMMARY OF DOCUMENT:

Three objectives guided the construction of well RRL-2B. One
objective was to provide hydraulically sound access to the Rocky
Coulee flow top, the Cohassett flow top, the Grande Ronde 5 flow
top, and the Umtanum flow top. A second objective was to provide
adequate casing size (a least 10-inch ID) for setting a pump to a
depth of at least 2400 ft. The third objective was to provide
at least a 3.5 inch diameter access hole through the Umtanum flow
top.

The construction of piezometer nest RRL-2C was guided by the
following objectives. The first objective was to provide access
for hydraulic head monitoring of selected flow tops and flow
interiors in the Grande Ronde basalt. The second objective was
to provide hydraulic isolation of the selected horizon.
Piezometer nest RRL-2C monitors the Rocky Coulee, Cohassett, and
Grande Ronde 5 flow tops. The flow interiors of the Rocky
Coulee, Cohassett, and Grande Ronde 5 flows are monitored also.

Piezometer nest RRL-2C was completed May 24. 1985, at a total
depth of 3404 ft. Thirty-four operating days were required to



complete the nest. Well RRL-2B was completed June 29, 1985 in
31 operating days (p. 15).

Well RL-2B was drilled using a cable tool rig for the starter
hole and a rotary drilling rig for completion of the remainder of
the borehole. A bentonitic drilling fluid was used to drill to a
depth of 2782 ft. Hanford system water was used with the rotary
rig to deepen the well to an interim depth of 2,858 ft. Borehole
geophysical logs and gyro surveys were run to complete the
drilling phase of the well.

Piezometer nest RRL-2C was drilled using a cable tool rig and a
rotary drilling rig. The cable tool rig was used to drill the
starter hole. A rotary drilling rig was used to deepen the
borehole to the total depth of 3404 ft. A bentonitic drilling
fluid was used to drill the hole to a depth of 2778 ft. Hanford
system water was used with the rotary rig to deepen the hole to
the total depth of 3,404 ft (p. 18-19). Geophysical logs and
gyro surveys were run in the borehole on the completion of
drilling.

The integrity of the casing and cement seals placed in well RRL-
2B were tested with an acoustic cement bond logging tool.
Subsequent spot cementing was used to attain a positive seal in
the vicinity of the casing shoe. A cement bond log and casing
shoe test were run on piezometer nest RRL-2C. Remedial cementing
operations were not employed in RRL-2C.

Piezometer nest RRL-2C was completed prior to drilling RRL-2B.
This sequence was employed so that the monitoring capability of
RRL-2C would be available while drilling RRL-2B.

Water level monitoring was maintained at piezometer sites DC-19,
-20, and -22 as well as corehole RRL-2A during drilling
operations. The report states that the observed water level data
obtained at the sites provide the basis for evaluating the
effects of drilling RRL-2B and RRL-2C. The report states that
the drilling of RRL-2B and RRL-2C appears to have had negligible
effects on heads monitored in the unconsolidated sediments. the
Saddle Mountains Basalt and the Wanapum Basalt (p. 22). A
drilling disturbance attributed to the loss of about 15 barrels
of drilling fluid (water) was monitored in the Rocky Coulee flow
top in RRL-2A and RRL-2C. A fluid loss of 3288 barrels of fluid
in the Cohassett flow bottom/Grande Ronde 5 flow top at RRL-2C
was not detected because the Grande Ronde 5 flow top was not
monitored at that time.

Stratigraphic interpretations were based on examination of chip
samples, evaluation of rotary drilling rates, and evaluation of
borehole geophysical logs. Borehole television and borehole
sonic televiewer logs also were used for RRL-2B and RRL-2C.
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Borehole RRL-2B was developed by circLlating Hanford system water
in the open hole after reaching an interim depth of 2858 ft.
Limited well development was performed by airlift pumping.
Airlift pumping was not used as the main technique due to the low
transmissivity of the Rocky Coulee flow top. iezometer nest
RRL-2C was developed by pumping until the discharge water was
essentially free of particulate matter (p. 39). A line shaft
turbine pump was used in the composite interval of Grande Ronde
Basalt below the grouted casing. The average discharge rate was
59.6 gpm over a 52.3 hour period between June 5 and June 7 1985.
The maximum drawdown was 61 ft; specific capacity was 0.98
gpm/ft.

Groundwater samples were collected for major constituent
analyses. Gas samples were collected from an experimental gas
separator barrel. The document states that these data are beyond
the scope of this report. A dynamic fluid temperature survey
conducted in the open portion of the RRL-2C borehole indicated
two potential zones of groundwater production. These two zones
correspond to the base of the Rocky Coulee flow top and to the
Grande Ronde 5 flow top/Cohassett flow bottom. The
transmissivity of the Gr-ande Ronde 5 flow top at RRL-2C was
estimated based on specific capacity data obtained during
borehole development. Transmissivity for the Grande Ronde 5 flow
top is estimated to range between 200 and 300 ft2 /day (p. 40).

Piezometer nest RRL-2C was completed so that the Rocky Coulee
flow top, Rocky Coulee flow interior, Cohassett flow top,
Cohassett flow interior, Grande Ronde 5 flow top, and Grande
Ronde 5 flow interior are monitored. The piezometers in the RRL-
2C cluster consist of a tailpipe, one or more screen sections, a
seating nipple, a riser tube to the ground surface, a multiple
gradation filter pack, and a densified cement seal (p. 41). The
vertical locations of the flow interior piezometers at RRL-2C
were refined by using aisymmetrical and analytical models. The
models were used to simulate drawdown in a basalt flow interior
at various vertical distances from the pumped flow top. The
simulated responses assumed a homogeneous and isotropic flow
interior (p. 41).

The tubing used in the piezometers is 1.75 inches ID; the tubing
is composed of low carbon steel. The document states that the
life expectancy for the low carbon steel tubing is at least 3O
years (p. 42). The estimated life is based on static conditions
and the assumption that the entire length of the steel tubing is
in contact with the stainless steel screen. The screen sections
consist of a continuous slot, wire wound jacket over a perforated
pipe base. The screen sections are type 316-L stainless steel.
Urethane sleeves were fitted on the screen sections to prevent
contact between the riser tubing and the stainless steel screen



5

(p. 4). The seating nipple is positioned about 2 ft above the
piezometer screen. A wireline retrievable standing valve can be
placed in the seating nipple to check for tubing leaks. The
seating nipple serves as a landing site for the downhole pressure
probe.

The filter pack consists of a monitoring horizon sand pack and a
pea gravel pack. The pea gravel pack consists of clean, washed,
rounded gravel; the origin of the gravel is igneous and
metamorphic rock (p. 43). A manufacturer's chemical description
of the filter sand is appended to the document. The densified
cement seal consists of API Class cement. A friction reducer
was mixed with the Hanford system water and the cement. A high
density cement was used to minimize micro annulus effects and
provide high compressive strength and low permeability. Results
of hydraulic conductivity tests on the cement are included in the
document. Hydraulic conductivities range from 610-9 to 7x1O-
ft/day (p. 45).

A "seating-nipple tubing test" was run to verify that no major
breaches existed in the piezometer string. This test was
conducted prior to securing the tubing in the borehole with the
filter pack and the cement seal (p. 46). The test consisted of
filling the piezometer tubing string with Hanford system water.
The water was allowed to equilibrate for 10 to 15 minutes; the
water level inside the tubing was monitored for about one hour
after equilibration. The document states that no major breaches
were identified.

The document contains a section which describes time variant head
responses in the piezometer tubes while developing an adjacent
piezometer tube. The Rocky Coulee flow top development resulted
in a rapid pressure drawdown of about 1.5 lbf/in2 in the Rocky
Coulee flow interior. The response implies a vertical hydraulic
connection between the Rocky Coulee flow top and the Rocky Coulee
flow interior (p. 60). Airlift pumping was used to develop the
flow top piezometer.

The circulation method was used to develop the Rocky Coulee flow
interior. A pressure change was noted in the Rocky Coulee flow
top (2.5 lbf/in2 and Cohassett flow top (10 lbf/in2 ) piezometers.
The pressure changes suggest hydraulic communication with the
Rocky Coulee flow interior. The pressure changes are not
attributed to temperature effects (p. 60-61).

The circulation method was used to develop the Cohassett flow
top. The document states that a pressure build-up was noted in
the Rocky Coulee flow interior (6.5 lbf/in 2 ) and the Cohassett
flow interior (2 lbf/inO) piezometers p. 61-62).



6

The circulation method was used to develop the Cohassett flow
interior piezometer. A pressure change was noted in the Grande
Ronde 5 flow top, the Cohassett flow top, and the Rocky Coulee
flow interior piezometers during the development. The document
states that the pressure response (2 lbf/in2) in the Cohassett
flow top piezometer indicates possible hydraulic communication
with the Cohassett flow interior piezometer. A pressure increase
occurred in the Cohassett flow top during the injection of water
into the Cohassett interior piezometer; this type of response is
expectable if the two intervals are connected hydraulically (p.
62).

The airlift method was used to develop the Grande Ronde 5 flow
top. Water pressures were monitored in the Rocky Coulee flow
top, the Rocky Coulee flow interior, the Cohassett flow top, the
Cohassett flow interior, and the Grande Ronde 5 flow interior
during development. A slight pressure response was noted in
these piezometers during and after air-lifting activities. The
document states that the pressure changes may be caused by
temperature effects (p. 63).

The circulation method was used to develop the Grande Ronde 5
flow interior piezometer. Minor pressure responses were noted in
all three of the piezometers monitored (Grande Ronde 5 flow top,
Cohassett flow top, and Cohassett flow interior). The document
attributes pressure changes to temperature effects (p. 63).

The document discusses the possibility that "potential pathways"
could exist which could account for the responses (p. 64). These
"potential pathways" include leaks in the piezometer tubes,
inadequate cement seals, enhanced hydraulic conductivity in the
disturbed zone near the borehole, insitu formation fractures, and
structural or stratigraphic discontinuities (p. 64). The
document states that available data are insufficient to eliminate
all the possibilities except for the possibility that a tubing
leak exists. Tubing integrity was tested and the results were
positive.

Transmissivities are estimated for various units in well RRL-2B
and borehole RRL-2C. Transmissivities are estimated based on
observed data from groundwater production, injection tests, and a
pulse test. The Rocky Coulee flow top has an estimated
transmissivity of 2 to 6 square feet per day in RRL-28. The
composite Grande Ronde has an estimated transmissivity of 200 to
300 square feet per day based on specific capacity data from RRL-
2C. The Rocky Coulee flow interior has an estimated
transmissivity of 10' to 10-^ square feet per day based on a
constant head injection test in RRL-2C. The Cohassett flow top
has an estimated transmissivity of 10-4 square feet per day based
on a constant head injection test in RRL-2C. The Cohassett flow
interior has an estimated transmissivity of 10-4 square feet per
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day based on a constant head injection test in RRL-2C. The
Grande Ronde 5 flow interior has an estimated transmissivity of
jQ4 to 10-3 square feet per day based on airlift development of
RRL-2C.

SIGNIFICANCE TO NRC WASTE MANAGEMENT PROGRAM:

This document is important to the Waste Management Program
because it describes the design and construction of the pumping
well and the multi-level piezometer for the first large-scale
hydraulic stress test. The pumping well has been designed to
pump from progressively deeper flows within the Grande Ronde
Basalt Formation. The cluster piezometer has been designed to
isolate and monitor selected basalt flow tops and flow interiors.
This document constitutes an important part of the large-scale
stress test plan which will be conducted at the Hanford site.

PROBLEMS. DEFICIENCIES OR LIMITATIONS OF REPORT:

The report states that the first phase of large-scale testing is
planned for the RRL-2 location. This testing constitutes Stage 2
of the test strategy discussed in previous NRC-DOE meetings and
communications. Stage 2 of the test strategy is not defined at
this time because of the apparent reorganization of the test
strategy by Rockwell Hanford Operations and Rockwell-DOE.

The report describes the filter packs and pea gravel pack used to
complete the multi-level piezometers. The document includes a
chemical description of the sand packs. A chemical description
of the pea gravel pack is not included. The effect of the
igneous and metamorphic rock material in the pea gravel pack has
not been addressed with respect to hydrochemical sampling. The
effects of this anomalous material on water quality in the
borehole should be addressed. An extensive discussion is not
warranted in the document under review.

The report states (p. 15) that the piezometer tubes in the Rocky
Coulee and Grande Ronde 5 flow tops became plugged during airlift
development. Hanford system water was circulated to open the
piezometer tubing near the seating nipple. The report-does not
discuss the material that clogged the tubing or the source of the
material. This matter should be discussed; it is possible that
an evaluation of this plugging could prevent a similar occurrence
in future installations.

The report describes the seating-nipple tubing test (p. 15). The
report does not discuss whether routine piezometer integrity
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tests (seating-nipple tubing test) will be conducted on the
piezometers on a routine basis. Such tests could be useful to
insure that the life of the tubing is as projected. This matter
is important because selective corrosion might occur due to
galvanic reactions in the piezometer cluster. Selective
corrosion could create a piezometer that is open to more than one
interval. Such an interconnection would result in anomalous
pressure or water level data for that piezometer and any
piezometer completed in the interconnected intervals. This point
is especially relevant because of the information obtained during
the WIP data review (December 1986). We learned at this data
review that the Westbay installation in RRL-14 had to be pulled
from the borehole. The synthetic packers and centralizers
essentially had disintegrated below a depth of approximately
1,86O ft. This disintegration indicates that potentially adverse
hydrochemical conditions that potentially are adverse to some
materials may exist at depth within the BWIP site. These
conditions could produce corrosion of the carbon steel-stainless
steel installations in the cluster sites.

Figure -7 illustrates the completion of RRL-2. The figure
shows that the 12.615 inch ID steel casing is not cemented in
place from the Elephant Mountain Member of the Saddle Mountains
basalt to the Esquatzel Member of the Saddle Mountains basalt.
The absence of cement has allowed the intercommunication of
groundwater between the Elephant Mountain Member, the Rattlesnake
Ridge interbed, the Pamona Member. the Selah interbed, and the
Esquatzel Member of the Saddle Mountains basalt. This practice
should be avoided. The intercommunication of basalt flow tops
creates additional difficulties in interpreting hydraulic
gradients among these units on the site.

Table F-3 is entitled "Chemical Quality of Water in the
Piezometer Tubes After Flushing with Hanford System Water." It
is not clear whether this table describes the water quality in
the piezometer tube or the quality of the water injected and
circulated in the tubes. The table does not indicate whether the
chemical qualities of the waters are averaged over the depth of
the tubing or whether these are depth-specific samples that were
evaluated.

A letter is attached to the document that describes the projected
life of the carbon steel piezometer tubing which is connected to
a Type 316 stainless steel well screen. The attached letter
states that temperature was considered, however the recent
failure of the synthetic packers and centralizers in the Westbay
installation in RRL-14 suggests that additional details should be
considered to insure that the projected 30-year life of the
installation is reasonable. The previous discussion on integrity
testing of the piezometer tubes is related directly to the
discussion of the projected life of the installation. Periodic,



9

routine integrity testing of the piezometer tubes would insure
that the facilities are viable for the measurement of downhole
pressures and water levels.

A summary of the hydrogeologic responses to piezometer
development is warranted. Air lift pumping the Rocky Coulee flow
top piezometer is associated with a concurrent pressure decline
in the Rocky Coulee flow interior piezometer. A possible
response to the pumping may have occurred in the Cohassett flow
-top piezometer.

Flushing the Rocky Coulee flow interior piezometer created a
pressure build-up in both the Rocky Coulee flow top piezometer
and the Cohassett flow top piezometer. A pressure build-up
occurred in the Rocky Coulee flow interior piezometer while
flushing the Cohassett flow top piezometer. A pressure build-up
occurred in the Cohassett flow interior piezometer while flushing
the Cohassett flow interior piezometer.

Pressure changes in the Cohassett flow interior piezometer and
the Grande Ronde 5 flow interior are attributed to temperature
effects from air-lift pumping the Grande Ronde 5 flow top
piezometer. Only minor temperature effects were noted in the
Grande Ronde 5 flow top piezometer while flushing the Grande
Ronde 5 flow interior piezometer.

The concurrent pressure changes in piezometers completed in
basalt flow tops and flow interiors adjacent to the stressed
piezometer can be attributed to either formation or borehole
characteristics.. Controlled field tests are required to
identify the mechanism for allowing the propagation of a
transient vertically between piezometers.


