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Abstract: 
attempt to locate and determine the depth of the 216-U-1/2 pipeline. 
Many anomalies were found, all very useful to the project, but only some 
of which were identified with the pipeline. 

Ground-penetrating radar was used at three locations in an 
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1 .O OBJECTIVE 

A geophysical i n v e s t i g a t i o n  was conducted t o  t h e  south o f  U-Plant 
(F igure 1) i n  an attempt t o  map p o r t i o n s  o f  t he  216-U-1/2 p i p e l i n e .  
216-U-1/2 p i p e l i n e  was used t o  t ranspor t  r a d i o a c t i v e  waste from U-Plant 
t o  t h e  216-U-1/2 c r i b s  l oca ted  approximately 900 ft t o  t h e  west o f  U- 
P lan t .  Ground-penetrat ing rada r  (GPR) was the  method se lected f o r  t he  
i n v e s t i g a t i o n .  
p i p e l i n e .  
l o c a t i o n  and t o  de l i nea te  any subsurface obs t ruc t i ons  t h a t  might  a f f e c t  
t he  t e s t  p i t s  over the  pipe. 

The 

GPR surveys were conducted a t  t h r e e  s i t e s  a long t h e  
The ob jec t i ves  o f  t he  surveys were t o  l oca te /con f i rm  the  p ipe  

2.0 GROUND-PENETRATING RADAR METHODOLOGY 

The GPR system used f o r  t h i s  work u t i l i z e d  300-megahertz (MHz) 
transducer. 
ground. Bur ied ob jec ts  such as pipes, ba r re l s ,  foundations, and bu r ied  
w i res  can cause a l l ,  o r  a po r t i on ,  o f  t h e  t ransmi t ted  energy t o  be 
r e f l e c t e d  back towards a r e c e i v i n g  antenna. 
crossbedding, c a l i c h e  horizons, paleosols, and c lays  can a l so  cause 
r e f l e c t i o n s  o f  t h e  t ransmi t ted  energy. 
t he  means f o r  mapping the  subsurface fea tu res  o f  i n t e r e s t ,  whether man- 
made o r  geolog ic .  

The maximum depth o f  i n v e s t i g a t i o n  v a r i e s  from s i t e  t o  s i t e ,  and 
i s  a f u n c t i o n  o f  t he  t ransmi t  power, r e c e i v e r  s e n s i t i v i t y ,  frequency o f  
t he  antenna, and a t tenua t ion  o f  t he  t ransmi t ted  energy. The a t tenua t ion  
o f  t h e  energy i s  p r i m a r i l y  a f u n c t i o n  o f  t he  l o c a l  s o i l  cond i t i ons .  The 
depth o f  i n v e s t i g a t i o n  i s  a l so  a f f e c t e d  by h i g h l y  conduct ive ma te r ia l ,  
such as metal drums and p ipes which e s s e n t i a l l y  r e f l e c t  a l l  t h e  energy. 
The method cannot "see" d i r e c t l y  below areas o f  h i g h l y  r e f l e c t i v e  
ma te r ia l  s ince " a l l "  o f  t he  energy i s  r e f l e c t e d .  
pene t ra t i on  f o r  these surveys ranged from about 10 t o  12 ft. 

D isp lay  and i n t e r p r e t a t i o n  o f  GPR data are s i m i l a r  t o  t h a t  o f  
seismic r e f l e c t i o n  data (i.e., data d isp layed as h o r i z o n t a l  d i s tance  vs. 
t ime, d e p i c t i n g  pseudo cross-sect ions o f  t h e  ear th) .  The approach t o  an 
i n t e r p r e t a t i o n  i s  q u i t e  v a r i a b l e  and in f l uenced  by the  ob jec t i ves  o f  t h e  
survey and t h e  experience o f  t he  i n t e r p r e t e r .  
data process ing techniques a v a i l a b l e  t h a t  may o r  may n o t  a i d  i n  the  
i n t e r p r e t a t i o n  process. I n  some areas, i n t e r p r e t a t i o n s  can be s t r a i g h t  
forward, b u t  o f t e n  a h i g h l y  v a r i a b l e  subsurface y i e l d s  complex data t h a t  
i s  d i f f i c u l t  t o  
showing t h e  l o c a t i o n s  and depths o f  t he  features t h a t  were detected 
w i t h i n  the  survey area. 

The t ransducer  t ransmi t s  e lect romagnet ic  energy i n t o  the  

Geologic fea tu res  such as 

The r e f l e c t e d  energy prov ides 

Maximum depth o f  

There are a l s o  numerous 

i n t e r p r e t .  A common end product  i s  a plan-view map 

1 
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GPR data in these surveys were collected with a Geophysical Survey 
Systems Inc. (GSSI) Subsurface Interface Radar (SIR)'' System 8, model 
4800, and digitally stored with a GSSI DT6000A tape drive. 
window of 100 nanoseconds, two-way travel time, was used at all sites. 

A recording 

3.0 GRID PARAMETERS 

A rectangular grid was used at each of the three sites.The western 
most grid, Site XI measured 40 ft x 90 ft (Figure 2). The central grid, 
Site X2 measured 40 ft x 70 ft (Figure 3), and the eastern grid, Site 
X3, measured 50 ft x 60 ft (Figure 4). Painted stakes or paint mark the 
corners of each grid. 
approximately north to northeast. All distances were measured and 
posted in feet. The southwestern corner of each grid was independently 
designated as E100/N100 and served as the "origin" for each survey site. 
The letters "E" or "N" refer to a direction that trends generally east 
or north, respectively. The number refers to a distance in feet. For 
example, grid point E135/N120 lies 35 ft "east" and 20 ft "north" of the 
grid point E100/N100. 

The long axis of each survey strikes 

At each of the sites the data were collected along two sets of 
profiles perpendicular to each other. An additional set of diagonal 
lines were collected in the eastern site. 
5 ft at all three sites. 

Spacing between profiles was 

4.0 QUALITY CONTROL 

These data were collected using procedures in 
WHC-CM-7-7, E11 11.2, Rev. 3, Environmental Investigations and Site 
Characterization Manual, Westinghouse Hanford Company. 
records are stored in the Geophysics files. Figures 5, 6, and 7 
summarize survey parameters. 

The data and 

4.0 RESULTS 

Site X1 is the site closest to the 216-U-1/2 cribs. An east-west 
The anomaly is buried striking linear anomaly was detected along N121. 

about seven feet below the surface. 
consistent with the predicted location and depth of the pipeline. 

The location and depth is 

A trademark of Geophysical Survey Systems Inc. (GSSI). 
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The northern excavation boundary for the pipeline is interpreted 
at about N135. The southern excavation boundary for the interpreted 
pipe was not delineated primarily because there are numerous anomalies 
in the area that are probably masking the excavation boundaries. 

Located immediately above the N121 linear is another linear 
anomaly, about two feet below the surface. It appears to terminate at 
about E132. It could be a significant linear (i.e., utility/pipeline), 
or it could be debris thrown into the back-filled excavation for the 
pi pel ine. 

E140 and E145, there are two sets of stakes that appear to be the kind 
used to mark the location of buried utilities . The stakes correlate 
with two north-south 1 inears that were detected about three feet below 
the surface suggesting that the linears are two parallel utilities . 
The E140 and E145 linears pass about ten feet west of an exposed water 
valve mapped at about E155/N115 then appear to cross over the N121 
linear. 

southwest corner of the survey area that also crosses over the N121 
linear. It is less than two feet below the surface. 

Several other linears were also detected at Site 61. Along about 

A northwest-southeast striking linear, was detected in the 

Two other east-west striking linears were detected at about N102 
and N182. The N102, a linear is about 3 ft below the surface and the 
N182 linear is 6-7 ft below the surface. The N182 linears is very 
similar in character to the N121 linear. 

Initially, Site 62, the central survey site, (Figure 3) ,  was 
located based on a gross projection of the pipeline from the cribs to 
the U-Plant facility. This site is on a parking lot/road centered near 
a gate and several small buildings. Several linears are observed in the 
data. One trends roughly north-south at two feet below the surface. 
All the others strike east-west at three to four feet below the surface. 
None of the linears could be clearly correlated with the pipeline of 
interest. Facility drawings examined after this survey revealed several 
east-west linears in this vicinity and indicated that the pipe of 
interest might be slightly south of this survey area. 

Based on the facility drawings and indications from an induction 
pipe detector, Site 63, was established near the 2715 building (Figure 
4) .  

At Site 63, two zones were identified that contain numerous 
The high concentration of subsurface features/debris (Figure 4). 

anomalies in these zones makes correlation of anomalies (i .e., 

3 
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identification of linear pipes/utilities) through these zones difficult 
or impossible. 
southern most corner of the grid. They range from 1.5 to 4 ft below the 
surface (Figure 4). The two 4-ft-deep linears were traced to a nearby 
fire hydrant. 
west. 

Based on available drawings showing the locations of buried 
utilities and the results from the GPR work conducted at Site t l ,  the 
pipe of interest was expected to be five to ten feet below the surface. 
However there were no linears detected at these depths. 

to trace because they went into and possibly through the debris zones 
previously mentions. 
that was detected at a depth of 1.5 ft. 
line locator anomaly. 
with the anticipated location o f  the 216-U-1/2 pipe based on facility 
drawings. 
anticipated for the pipe. 
anomaly/features could be masking a deeper anomaly from a pipe. 
#1 had a similar scenario where a shallow anomaly was observed over the 
deeper anomaly that was interpreted to be the pipe of interest. 

There were four east-west linears identified in the 

The two shallow linears appear to continue on to the 

Two additional east-west linears were detected that were difficult 

It correlates with an induction 
The curvilinear anomaly is a very subtle feature 

Spatially, these two anomalies both correlate 

However, they both are at a shallower depth than that 
The possibility exists that the shallow 

Site 
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Figure 1 .  Loca t ion  Map 
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Figure 2. Interpretation map of geophysical 
survey over the 216-U-1/2 pipeline, 
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GROUND-PENETRATING RADAR (GPR) SURVEY 
Team Geophysics, Westinghouse Hanford Operations 

DATE: 4/21/94 

South of 2164-1 & 2 cribs. On south side of road and steam line, 200 West. 

TITLE: 
LOCATION 

21&U-1/2 pipeline, Site #I (west) 

DATA COLLECTED BY 
K.A. Bergstrom & C.J. Szwartz Craig Rowley 

~~ 

ANTENNA(S) USED: 
100 __ 300 2- 100 BISTATIC - 
LOG BOOK: EL1122 

EQWMENT USED: 
GSSI System 8, model 4800 
Calibrator Model P73 1 
Digital Tape Recoder DT6000A 

TIME WINDOW (NS): 100 

PROCEDW 

GRID : 90x40' NO. OF PROFILES: 34 TOTAL FOOTAGE COLLECTED: 1600 
PARAMEERS: Two sets of perpendicular profies: five feet between north-south 

profiles and five feet between east-west profies. 

FOLLOWED: WHCCM-7-7 EII 11.2, REV. 3 

DATA TAPE NO.: E7- RECORDS LOCATION Geophyslcal 

TAPE ADDRESS : 30227-45589 -TION ADDRESS: 45589-45746 

[NTQtPREIED BY : L A .  Beremom BY : C.J. Szwara 

INTERPRETATION DELIVERED TO Craig Rowley DATE : .- 
OBJECTIVE(S): 
To locate 216-U-112 Pipeline in two different places. Pipe is thought to be stainless steel. 

NOTES: 
Antenna pulled by hand at 1-2 mph. 30-meter cable. 

Figure 5. GPR Parameters for 216-U-1/2 Pipeline, Site #1 (west). 
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GROUND PENETRATING RADAR (GPR) SURVEY 
Team Geophysics, Westinghouse Hanford Operations 

TITLE: Borehole 216-U-1/2 pipeline, Site #2 (central) DATE: 4/25/94 
LOCATION 
East of 216-U-1 & 2 cribs, 200 West. Southwest side of the 2 2 4 4  southwest perimeter 
fence gate. 

DATA COLLECTED BY 
K.A. Bergstrom & T.H. Mitchell Craig Rowley 

ANTENNA(S) USED: 
100 - 300 2 100 BISTATIC - 
LOG BOOK: m i 1 2 2  

TIME WINDOW (NS): inn 

EQUIPMENT USED: 
GSSI System 8, model 4800 
Calibrator Model P73 1 
Digital Tape Recoder DT6OOOA 

PROCEDURES FOLLOW. WHCCM-7-7 E11 11.2, REV. 3 
GRID : 70x40' NO. OF PROFILES: 24 TOTAL FOOTAGE COLLECTED: 

PARAMEERS: Two sets of perpendicular profiles; five feet between north-south 
profiles and five feet between east-west profiles. 

TAPE ADDRESS : 0-11179 -RON ADDRESS 11179-11303 

BY : K.A. Bergstrom 

INTERPRETATION DELIVERED TO DATE : 
OBJEC?TVE(S): 
To locate 216-U-1/2 Pipeline in two different places. Pipe is thought to be stainless steel. 

Rowley 

NOTES: 
Antenna pulled by hand at 1-2 mph. 30meter cable. 

Figure 6. GPR Parameters for 216-U-112 Pipeline, Site #2 (central). 
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GROUND PENETRATING RADAR (GPR) SURVEY 
Team Geophysics, Westinghouse Hanford Operations 

TITLE: 216-u-1/2 pipeline, Site #3 (east) 
~ 

DATE: 5/17/94 

DATA COLLECTED BY 
T.H. Mitchell & K.A. Beresworn Craig Rowley 

I 

ANTENNA(S) USED: 
100 - 300 A 100 BISTATIC - 
LOG BOOK: EL 1122 

TIME WINDOW (NS): 100 

EQUrPMENT USED: 
GSSI System 8, model 4800 
Calibrator Model P73 1 
Digital Tape Recoder DT6000A 

PROCEDURES 

GRID : SO'X6O' NO. OF PROFILES: 24- TOTAL. FOOTAGE COLLECTED: 3 1 0  

FOLLOWED: WHC-CM-7-7 EII 11.2, REV. 3 

PARAMETERS: Two sets of perpendicular profiles; five feet between north-south 
profiles and five feet between east-west profiles. 

TAPE ADDRESS : 38180-57802 C ~ T I O N  ADDRESS: 30706-30850 

INTERPREI'ATION DELIVERED TO Craig Rowley DATE : .- 
OBJEcnvE(S): 
To locate 216-U-1/2 Pipeline in two different places. Pipe is thought to be stainless steel. 

goTEs: 
Antenna pulled by hand at 1-2 mph. 3 h e t e r  cable. 

Figure 7. GPR Parameters for 216-U-1/2 Pipeline, Site #3 (east). 
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