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SUMMARY 

In 1988 and 1989, Pacific Northwest Laboratory installed a multipart 

ground-water sampling system in well 699-43-42K drilled near the 216-B-3 Pond 
on the Hanford Site in southeastern Washington State. The multipart system 
will be used to evaluate methods for determining the vertical distribution of 
contaminants and hydraulic heads in ground water. This installation was in 
conjunction with a similar multipart installation near the 300 Area of the 
Hanford Site. Well 699-43-42K is adjacent to two Resource Conservation and 
Recovery Act (RCRA} ground-water monitoring wells, which will allow for a 
comparison of sampling intervals and head measurements between the multipart 
system and the RCRA monitoring wells. 

Eight sampling ports were installed in the upper unconfined aquifer by 

backfilling at depths of 161.1 ft, 174.1 ft, 187.1 ft, 201.17 ft, 217.2 ft, 
230.2 ft, 243.2 ft, and 255.2 ft below land surface. However, because of 
damage to the casing during installation, only the top four ports should be 
used for pressure measurements and sampling until repairs occur. The loca­
tions of the sampling ports were determined by the hydrogeology of the area 

and the screened intervals of adjacent ground-water monitoring wells. 

Installation by backfilling around the multipart system was the first 
method of its kind on the Hanford Site and proved adequate. For future 
installations, an alternative method is recommended where the multipart 
system would be placed inside a cased and screened well using packers to 
isolate the sampling zones. 
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INTRODUCTION 

A Westbay multipart ground-water sampling system was installed in a 
well on the Hanford Site as part of Pacific Northwest Laboratory's 
(PNL's)(a) Site-Wide Ground-Water Monitoring Project. The installation of 
the multipart system is part of a program to evaluate methods that determine 
the vertical distribution of contaminants and hydraulic head in the ground 
water . Two multiport systems were installed during the last quarter of 1988 
and the first quarter of 1989. This report discusses the installation and 
completion of the multipart system in well 699-43-42K near the 216-B-3 Pond 
on the Hanford Site. A similar report discusses the installation of a 
multiport system in well 399-1 -20 near the 300 Area on the Hanford Site 

(Gilmore 1989). 

The drilling of well 699-43-42K for the multiport system was completed 
in January 1989 by Onwego Drilling Company, Richland, Washington, under sub­

contract to PNL. Pacific Northwest Laboratory furnished contract management 
and supervised the drilling and installation of the multipart system. Geo­
logical data were gathered by PNL personnel. Under contract to PNL, Westbay 

Instruments Ltd. provided initial consultation on the assembly and installa ­
tion of the system. 

Well 699-43-42K is located in southeastern Washington State on the 
Hanford Site (Figures 1 and 2). Coordinates for well 699-43-42K are 
N136,445.2 E576,997.5 meters NAD83 (North American Datum of 1983). The well 
was drilled to a total depth of 263.0 ft and was completed to 261.87 ft. 
The multipart system was installed immediately adjacent to two Resource Con ­
servation and Recovery Act (RCRA) ground-water monitoring wells, 699-42-428 
and 699 -43-42J (Figure 2). Well 699 -42-428 was completed to 250ft, and well 
699-43-42J was completed to 180ft (Figure 3). This location will provide a 
comparison of sampling intervals between the multiport system and the RCRA 
monitoring wells. 

(a) Pacific Northwest Laboratory is operated for the U.S. Department of 
Energy by Battelle Memorial Institute under Contract DE-AC06 -76RLO , 
1830. 
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FIGURE 1. Hanford Site Location Map 

Appendix A contains the as-built diagrams with a geologic column, geo­
physical logs, the completion/inspection reports; the casing record sheets 

for well 699-43-42K; and the gamma log with the lithology and port 
intervals. 
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GEOLOGY 

The stratigraphy in well 699-43-42K closely correlates with that in the 
adjacent RCRA monitoring wells. Three major stratigraphic formations were 
encountered during drilling, which include in ascending order the Columbia 
Basalt Group, the Ringold Formation, and the glacial-fluvial sediments . 

The top of the basalt occurs at 243 ft and is present at the final 
depth of 263 ft below ground surface in well 699-43-42K. The top of the 
basalt is likely the erosional remnants of the Elephant Mountain Member 
(Graham, Last, and Fecht 1984). The basalt is very dark grayish brown, 
amygdaloid, with some oxidized coatings. The amygdules are commonly filled 
with silicious, white opaline-type material. Between 260 and 258ft, a zone 
of relatively easier drilling occurs. The sample descriptions describe this 
zone as gravely silty-sand composed predominantly of basalt grains. The 
natural gamma log supports this description and indicates the zone to be 
coarser grained then the surrounding basalt signature. This zone is possibly 
an epiblastic interbed or a weathered zone in or between basalt flows. 

The Ringold Formation has been identified in the region by Graham, Last, 
and Fecht (1984) and Tallman et al. (1979), and extends from approximately 
243 to 111ft below the ground surface. The basal, lower, and middle Ringold 
units are suggested to be present in the region of well 699-43-42K (Graham, 
Last, and Fecht 1984); however, the correlation of these units to this well 
requires more characterization work. The Ringold Formation in this 
discussion is treated as undifferentiated, with the notable lithologic 
changes discussed. The Ringold Formation is generally characterized by 
gravels and sands in a silty matrix. There was an increase in the silt and 
gravel contents over the Hanford formation, but no noticeable increase or 
decrease in the percentage of basalt grains. Two notable units of clayey 
silt exist in the well. These occur at 233 to 204ft and 181 to 150ft below 
the ground surface. The layers of clayey silt are bracketed by sandy 
gravels. 

The upper glacial-fluvial sediments informally termed the Hanford for ­

mation extend from 111 ft to near the surface. The sediments between 111 ft 
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and 17 ft are composed of unconsolidated well-sorted, medium to fine sands . 
Thin layers of silt approximately 1 ft thick occur at 97 ft and 93 ft. The 
sediments are composed of gravelly sand from 17 ft to the surface . Geology 
logs are presented in Appendix A. 

GEOPHYSICAL LOGGING 

Pacific Northwest Laboratory logged well 699-43-42K using density , 
natural gamma , and neutron probes on November 18, 1989. The well was logged 
between 0 ft and 263 ft. The natural gamma logs were used to verify 
silt/clay layers and interbeds in the decisions to locate sampling ports 

(Appendix A) . 
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DRILLING AND INSTALLATION 

DRILLING OPERATIONS 

Well 699-43-42K was drilled using a Bucyrus Erie 22-W cable tool drill­
ing rig by the drive barrel and hard-tool method. Drilling operations began 
on September 29, 1988, and continued to November 16, 1988, totaling 36 days 

of drilling (Figure 4). The total depth of the well was 263ft. A drive 
barrel was used to drill between 0 ft and 111 ft, and a hard tool was used 
between 111 and 236 ft. Temporary telescoping carbon steel 12-in. casing was 
placed from the surface to 116.5 ft, and 10-in. temporary casing was placed 

from the surface to the total depth of 258.5 ft. During construction, the 
10-in. casing was removed twice, once at 116 ft to replace bent casing and 
once at 207 ft to replace a lost drive shoe. The drive shoe was not 
recovered and was pushed into the well sidewall at approximately 206 ft. 

INSTALLATION 

Prior to the installation of the multipart system, sampling intervals 
were determined based on the hydrogeology of the borehole and the screened 
intervals of adjacent monitoring wells. The natural gamma geophysical logs 
and geology logs were used to locate these sampling intervals. The required 
multipart casing lengths for the chosen sampling intervals were calculated 
and the pieces laid out in order. Each casing length was given a number 
sequentially from the bottom of the monitoring well, and an appropriate 

coupling was attached to the top of each casing. All casing lengths were 
measured and recorded (see Appendix A). The multipart components were pro­
tected by plastic shipping covers until installation. Casing lengths were 
10 ft and under in length in divisions of 5 ft, 2 ft, and 1 ft. The multi­
port system was constructed of 1.5-in.-inside-diameter polyvinylchloride 
(PVC) pipe with well screens that measured 2.88 in. outside diameter. The 
multipart system was then placed in the well inside a 4-in. schedule 80 PVC 
protective casing. This casing was used to protect the multipart system and 
keep the screens free of seal material. A centralizer was placed 10ft from 
the bottom of the protective casing to center the multipart system in the 

well. As the multipart system was placed in the well, each assembled joint 
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was hydraulically tested by applying a minimum internal pressure of 100 psi. 
After the multipart system was properly positioned and secured, the system 
was backfilled. 

The temporary carbon steel casing was removed during the backfilling 
using hydraulic jacks (Figure 5) , which proved much easier than using the 
cable-tool rig to remove the casing (Gilmore 1989). A minimum 1-ft overlap 
was maintained between the carbon steel casing and the backfill material. A 
longer overlap was employed when placing the sand filter pack, and a shorter 
overlap was required when plac i ng the bentonite to reduce "hitching 11 of the 
clay on the end of the casing. When the temporary carbon steel casing is cut 
with an acetylene cutting torch, the protective casing around the multipart 
system must be shielded from the heat. A 4-in. steel pipe with an adaptive 
collar to screw into a 4-in. PVC pipe was used over the multipart system to 
protect the system from the heat. 

Backfill Material 

A minimum of 10- in. casing was required to accommodate working room for 
the tremie pipe and protective casing around the multipart system for the 
placement of the annular filter packs and seals. Eight sampling ports were 
placed at 161.1 ft, 174.1 ft, 187.1 ft , 201.17 ft, 217.2 ft , 230.2 ft, 
243.2 ft, and 255.2 ft below land surface. Backfill around the sampling 
ports was 20-40 Colorado Silica Sand emplaced by gravity feed. Each sampling 
port has approximately 2.5 ft of sand filter pack above it and 4.5 ft of 
filter sand pack below it for a total sampling interval of approximately 7 ft 
(Figure 6). Med i um-size Enviroplug bentonite chunks were placed by gravity 
feed between the filter sand packs i solating each sampling interval. The 
medium-size Enviroplug is composed of irregularly shaped bentonite pieces 
that range in size from 1/ 4 to 1 in. Prior to placing the bentonite in the 
well, it was s ieved over a coarse mesh screen to remove the fines in order to 
reduce bridging in the well. The bentonite was then poured through a funnel 
into a 4-in. PVC tremie pipe for placement in the well. The funnel was used 

to control the speed of the pl acement of the bentonite to approximately 
2.5 lb/ min , because bridging would occur at higher rates. The minimum 
thickness of the benton i te seal s was 5.9 ft between ports 3 and 4. 
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The integrity of the seals was confirmed by pressure transducer readings at 
each port (Figure 7). A surface seal of cement grout was placed from 20ft 
to the surface. The installation of the Westbay multipart system was initi­
ated on December 8, 1988, and was completed on January 12, 1989, for a total 
of 23 working days. This installation time included 6 days spent retrieving 
and rewelding the 10-ft casing that broke below the ground surface. Exclud­
ing this repair time it took approximately 2 days of completion per sampling 

port. 

Usable Sampling Ports 

During installation of the multipart system, the casing was damaged 
when the tremie pipe used to place the annular seal was dropped and fell 
approximately 15 ft. This occurred at approximately 220 ft below land sur­
face. It was determined that a hole in the casing was open to formational 
water during the development of the ports. The static water level inside the 
casing during development returned to 162.5 ft after each evacuati~n of the 
casing. The casing, if intact, is designed to be water tight. The location 
of the hole was indicated by a static water level in the casing of 162 .5 ft, 
which is the same as the piezometric level that has been calculated for 
approximately 219 ft below land surface. In addition, a tight spot in the 
casing will not allow a tool of greater length than 0.8 ft to pass below the · 
219ft level. Confirmation of the break in the casing was attempted using a 

downhole camera; however, the water in the multipart system at 219 ft was 
murky and the exact nature of the damage could not be seen. The casing does 
not provide a pathway for contaminant migration as a result of the damage. 

At present, it is suggested that only the upper four ports at depths of 
161.1 ft, 174.1 ft, 187.1 ft, and 201.17 ft below land surface be used for 
pressure measurements and sampling. The ports at 217.2 ft, 230.2 ft, 
243.2 ft, and 255.2 ft below land surface are near or below the damage in the 
casing. The damage should first be repaired, and/or a smaller sized sampler 

(less than 0.8 ft long) be used for the lower ports. The hole in the casing 
will not affect the pressure measurements or sampling. 
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WELL DEVELOPMENT 

The pumping ports were not opened after it was determined that the 
casing was damaged and there as a possible hole. Because of the hole in 
the casing, if a port were opened it would be exposed to the formational 
water coming in from the damaged zone. If a port were unable to be reclosed , 
open communication would exist in the aquifer, and the system would be 
compromised. Currently, the upper four ports can be used without risk to 
communication between discrete zones in the unconfined aquifer. 
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CONCLUSIONS AND RECOMMENDATIONS 

The Westbay system is a versatile multipart system that provides data 
on vertical contamination and hydraulic head distribution representative of 
formation conditions from a single well. The system's major advantage is 
its modular design, allowing versatile monitoring configurations that can be 
easily customized to any location and installed in a single well. Another 
advantage is that the samples and pressure measurements are taken outside the 
access tube through the sampling port. This eliminates the need to purge the 
access tube during sampling; therefore, the sample's fluid chemistry is not 
altered as a result of degassing, oxidation, biogenic activity, and precipi ­
tation. The lag time on fluid pressure measurements is also reduced relative 
to a conventional standpipe well. Additionally, the multipart system allows 
the integrity of coupling valves, joints, and the annulus seals to be veri­
fied during installation and operation. 

A major disadvantage is that the operation of the system is labor inten ­
sive and requires substantial training. The installation of the system in a 
backfilling operation is also more difficult than conventional standpipe well 
construction because the multiple screened intervals and the PVC construction 
require additional protection during backfilling. Very little maintenance 
can be performed after the system is installed by backfilling; therefore, 
should the system components fail, the life span of the system would be 
curtailed. 

Studies on obtaining representative samples without purging the system 
are recommended prior to installing more multipart systems. Results from 
these studies could have an impact on installation methods. One method that 
is recommended for technical review is the installation of the system in a 
specially cased and screened well . This method would allow the removal and 
repair of the system after installation and would reduce the possibility of 
damage to the multipart system during well completion. Stainless steel 
4-in . casing, screened at desired monitoring locations, would be placed in 

15 



the well and backfilled. The multipart system would be placed inside thi s 
4-in . stainless steel casing, using packers to isolate sampling intervals 
(Figure 8) . According to Frank Patton , President and owner of Westbay 
Instruments Inc . , a similar installation technique has been used successfully 
by the Orange County Water District , California . 
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CASING LENGTH MEASUREMENT RECORD 

Project: Battelle PNL 

Location: .::.B:...Po::..:n..:.:d=-------

Casing Size/Type: 1 5" MP . 
Sect ion No. S.rial No. Ducrip~ion 

• -- &tel Cap 

1 2117 5' Puapint Port. 

2 4112 2' lleuur-t. Port. 

3 -- 5' Couplint 

4 2115 ,. Puapint Port. 

5 4113 2' lleuur-t. Port. 

e -- 5' Couplint 

7 -- 1' Couplint 

8 2112 5' Puapint Port. 

9 4111 2' lleuur-t. Port. 

II -- ,. Couplint . 
11 -- 1' Couplint 

12 2113 s• Coup I int Port. 

13 4111 2' lleaaur-t. Port. 

14 -- 5' Coup I int 

15 -- 2' Coup I int 

II -- 5' Coup I int . 
17 2114 2' Puapint Port. 

11 4151 2' lleuur-nt. Port. 

19 -- S' Coup I int 

21 -- 5' C.Upl int 

21 2113 2' Puapint Port. 

22 4159 2' lleaaur-t. Port. 

23 -- ,. Coup I int 

24 -- 11 Couplint 

25 2111 s• Puapins Port. 

Date: December 1, 1988 

Dri 11 ho 1 e No. : .:;;WB::...--=.1 ___ _ 

Measured By: Kurt Seedhouse 

Project No.: 606-88 

N011inal B.O.H.: .::.16::.:3:.....' __ 

Noaiaal l•gih, f~ . lleuurecl l.MgU., f\. c-lat.i" L-ngt.h, f~ . lla9M~ic Collars 
To, of C.Upl int Tep of C.., I int 

1' 1' 4/11 .151 --
5' 5' •• 5.11 4.11 

2' 2' 1/11 7.11 --
5' , ... 12.11 --
5' 5' •• 17.11 11. 11 

2' 2' 2/11 11.17 --
5' 5' 1/11 24.11 --
1' 1' 2/11 25. 11 --
5' 5' 1/11 11.11 21. 11 

2' 2' 1/11 12.21 --
,. 5' 1/11 37.21 --
1' 1' •• 31.21 --
S' , .•. 43.21 42.21 

2' 2' 1/11 45.21 --
5' 5' 1/11 51.21 --
2' 2' 1/11 52.22 --
,. 5' 1/11 57.22 --
2' 2' •• 51.22 51.22 

2' 2' 1/11 11.23 --
5' 5' 1/11 11.23 --
5' 5' 1/11 71. 24 --
2' 2' 1/11 73.24 72.24 

2' 2' 1/11 75.25 --
5' ,. 1/11 11.25 --
1' 1' 2/11 11.28 

,. , ... 11.28 15.21 

A. 7 



CASING LENGTH MEASUREMENT RECORD 

Project: Battelle PNL 

Location: BPond 
~~~-----------

Casing Size/Type· 1 5" MP . . 
Section No . S.ri•l No . O..Cription 

21 4157 2' Pu.pi119 Port 

27 .. s• Coup I ;119, 1' Coup. 

27• .. 1' CorrectiOft 

21 2114 5' Pu.pi119 Port 

29 4154 2' lleuur-t Port 

31 -- 11' Coup I i"' 

31 .. 11 ' Coup I i 119 

32 .. 11' Coup I i"' 

33 -- 11' Coup I i"' 

34 .. 11' Coup I i"9 

35 .. 11' Coup I i"' 

31 .. 11' Coup I i"' 

37 .. 11' Coupli"' 

31 -- 11' Coup I i"' 

39 .. 11' Coupli"' 

41 -- 11' Coup I i"' 

H .. 11' Coup I i"' -
42 .. 11' Coupli"' 

43 .. 11' Coup I i119 

44 .. 11' Coup I i"' 

45 -- 11' Coup I i"' 

Date: December 1, 1988 

Dri 11 ho 1 e No. : "'"WB=---=1 ___ _ 

Project No.: 606-88 

N011inal B.O.H.: 163' ..:..='---

Measured By· Kurt Seedhouse . 
""";,..1 L.Mgt~~, n. lluaurM Lentt.h, n. c-l.ti .. l.Mgtll, ft. llagnetic Col Iars 

Top of Coup I i119 Top ef C..., I i119 

2' 2' I' u.21 .. 
,. I' 1/11 14.%7 .. 

.. .. -- .. 
,. ,. I' tl.%7 97.27 

2' 2' 1/11 111.%7 --
11' 11' 1/11 111. 21 .. 

11' 11' I' 121.21 .. 

11' 11' 1/11 131.29 .. 

11' 11' 2/11 141 .• .. 

11' 11' 2/11 llil.S1 .. 

11' 11' 1/11 111.S1 .. 

11' 11' I' 171.Sl .. 

11' 11' I' 111.31 --
11' 11' o• 191.11 --
11' 11' I' 211.S1 --
11' 11' 1/UI 211.32 .. 

11' 11' 1/11 221.32 .. 

11' 11' I' 231.32 --
11' 11' 1/11 241.33 .. 

11' 11' I' 2$1.33 .. 

11' 11' 1/11 211.33 --

A.8 
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