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1.0 INTRODUCTION 
Ebasco Services was contracted to reprocess approxmately 13 mdes of seismc data m an 
attempt to charactenze the hydrogeology of the Rocky Flats Plant. The pnmary objecnve of 
the seismc reprocessrng was to enhance the shallow data, whch wdl prowde more accurate 
mformmon on the hydrogeologrcal parameters affecting the Rocky Flats Plant. The 
reprocessed seismic data wll be mtegmted wth the geologc data obtamed from dnl l  hole 
cores. Reprocessed seismic data wlll also be compared to, and where possible mtegrated 
wth, the shallow high reSOhhOn reflechon data obtained by EBASCO within the Rocky 
Flats Plant boundanes (Rockwell, 1989). 

Surficlal matenals at the Rocky Flats Plant consist of the Rocky Flats Alluvium, whch is a 
poorly sorted Q u a t e r n  deposit of cobbles, pebbles, and gravel m a sandy clay mam,  
rangng in thiclmess from 3 to 45 feet (ft). The Rocky Flats Alluvlum is an rmportant factor 
m controllmg near-surface groundwater flow. Bedrock at the Rocky Flats Plant consists of 
the Cretaceous Arapahoe Formahon (Werner. 1973), whch is compnsed of complex 
fluvlaVdeltSuc clay stones with merbedded sandstones and srltstones. The Cretaceous 
Lararme Formahon underhes the Arapahoe, and is considered bedrock where the Arapahoe 
Formahon IS not present (Spencer, 1961). The Lararme Formanon is comprised of brachsh 
and fresh water claystones, lenhcular sandstones, and coal beds (Spencer, 1961). 
Strahgraphc and structural features present UI the Arapahoe and/or Lararme Formahon may 
mfiuence the movement of groundwater from the Rocky Flats Plant. A generahed cross- 
secnon of the Front Range is presented IXI Figure 1. 

a 

The seisrmc data to be reprocessed was obtamed by EBASCO from the Colorado School of 
Mmes (CSM). The field data was a q w d  111 1975-76 under the duechon of Dr. Tom 
Davis, who conducted the program to determine the nature of the Golden Fault Zone UI the 
Vicmty of the Rocky Flats Plant (Dams, 1976). The results of the reprocessed seismc data 
are presented 111 th~s report. 
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2.0 1975-76 CSM SEISMIC PROJECI' m 2.1 DATAACQmSmON 
The Vibrosers* system of data aqusiuon was unimd by CSM Field data acquisinon 
parameters chosen for the survey consisted of the following: 

I Erequmcy 
i Channels 

Group interval 
Source interval 
Geophones per group 

Instrument 
, Recording pcnod 

I Source pattern 

48-8 Hz downsweep (8 seconds) 
24 
200 or 300 ft 
400 or 600 ft 
15 
Vanable 
Texas Instruments Diptal Field System 
(DFS) loo00 
27 sweeps over 10 ft 

, 
Selsrmc h e s  were positloned with reference to a USGS topographc map of the Rocky Flats 
Plant area (Lousvdle Quadrangle). No formal topographc survepg procedures were 
utxlized to locate the selsmc lines wlth reference to an exlsthg monument or a specific 
coordinate system, Vibrating points (VPs) were drawn on the topographic map by CSM 
geophysiasts to represent the line sequence and direenon (Figure 2). 

' db 
2.2 DATA PROCESSING 
A copy of an onginal processmg sequence form completed far the CSM Phoenu. 
mmcomputer is shown m Figures 3-1 and 3-2. The Phoemx system wed the 'state of the 
art' seisrmc data processmg technology 111 the early 1970's. The processing sequence 
corresponds to seisrmc line "Pluto I", and is a representame example of the processmg 
conducted on the 1975-76 seismc lines. The processrng sequence mcludes demulnplexmg, 
sumrmng, crossconelmon, and stackmg (Daws, 1976). Staclang velocines were obtained 
by CSM upon exwmrnahon of the somc log from the Tom Jordan Marshall Lake Well, 
located north of the Rocky Flats Plant. 

* Trademark of Conmental 011 Company 
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Figure 2 
1975-76 CSM Seismic Project Line Location 
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2.3 DATA INTERPRETATION 
The 1975-76 CSM Seismc Project was renewed m the report "Rocky Flats Reflechon 
Seismc Project" by T.L. Dams, Apnl 6, 1976. A copy of the report is mcluded in 
Appendxx L Although each seisrmc h e  was not comprehensively rewewed, major 
geological contacts and mterpreted faults were mdxated on the seisrmc secnons (Figure 4) 

3.0 1989 REPROCESSING PROJECT' 

The procurement of the 1975-76 CSM Seismc Program data (dlptal tapes, field records, 
field notes) &d not go as smoothly as anbcipated. This was due to several events whrch 
were concurrent with the commencement of the reprocessmg p j e ~ t :  

@ 

~ 3.1 PROCUREMENT OF 1975-76 SEISMIC DATA 

I 

o 
o 
o 

Dr. Tom Daws was unavsulable as a some of mfOrmatIOn 
1975-76 CSM Seisrmc Project Informahon was llrmted 
No field data tapes were avzulable. 

In early September 1989, addmond relevant data on the 1975-76 CSM Seisrmc Project 
(processmg sequences, shooMg geometnes, observer's notes) were presented to EBASCO 
by Dr. Tom Daws. Although the addmonal informanon assisted EBASCO, information was 

I unavdable on the followmg* 

o Lmes 7 and 8 (aka Rocky Flats 2 and Rocky Flats 1): No field data tape(s) 
or archwed data tape(s) was located 
Lmes 3 and 4 (aka Pluto 3 and Pluto 4): No Ne folders wlth pemnent data 
acqmsibon mformahon were located. Lmes 3 and 4 are archwed on tape as 
fmal sechons (there are no sum and cross correlabon records). 

o 

Considerable time and effort were expended by EBASCO m an attempt to orgaze, 
correlate, and evaluate the avadable 1975-76 CSM Seismc Project data and accompanymg 
mformaf~on. The scope and hme frame of the current reprocessing project &d not allow for 
adhtlonal tune and effort to be expended on tasks such as information and data tape 
searches, personal mtemews, and general project mqurnes. Avadable mfomahon on the 
1975-76 CSM Seisrmc Project was sometunes mcomplete and confusmg, therefore, the 
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reprocessed seisrmc sechons were mterpreted wth cautton, and should be u t ~ I ~ ~ e d  

accordingly. Seisrmc hnes 3, 4, 7, and 8 were not reprocessed due to the lack of avadable 
mformahon. The CSM Ne folders for hnes 5 (aka Pluto 5) and 6 (aka Central Avenue) 
contamed adequate shot geometry mformation, therefore, these seismc lmes were 
reprocessed and the results are presented as part of thxs report. 

@ 

3.2 DATA REPROCESSING 
The 1975-76 CSM seisrmc data were reprocessed m an anempt to: 

o Enhance the shallow data for hydrogeologml characterizmon of the Rocky Flats 
Plant area 

o Integrate the data with the core re-loggmg project 
o Identlfy subsurface structure(s) whch may be in&caave of faulmg. 

As prewously menhoned, lines 5 and 6 were the only seisrmc hnes reprocessed. The 
reprocessmg analyst deterrmned that the frrst 56 mdhseconds (ms) on the arched data tape 
is masked wth header mformatton from the CSM Phoem processor. Hence, there IS no 
data m thxs mterval. The reprocessmg sequence unplemented by the data processmg center 
is shown on Plates 1-8 @ 
A noise reduction algonthm was used on the seismc data. The 'radon transform' algonthm 
effecavely unproves the signal-to-noise ratto of low fold common depth pomt (CDP) data 
whde presemg reflechon charactenshcs. As CDP fold mcreases, the radon transform 
algontbm becomes less of a factor for improvmg the signal-to-noise raho. 

3 3 REPROCESSED DATA INTERPRETATION 
The reprocessed seisrmc sechons are shown on Plates 14. Due to the merest m the shallow 
data, four addmonal seismc sechons were generated, Plates 4-8 represent the 0 to 0.5 
second mterval of the seismc SeChOnS. 

3.3.1 Line 5 and 6 Shallow 
There are several factors whch influence the Interpretahon of the shallow data: 

9 



o The data acquisiaon parameters for the 1975-76 CSM Seismc Program were chosen 
to UWeShgate reiahvely deep (>300 ft) geolopc structures 

o The low frequency content of the 1975-76 data are not representatxve of subtle 
charactensbcs in the near surface geology 

o The samplmg rate of 4ms for the 1975-76 program is not conduclve to opmumly 
deheatmg near surface geologxal features. 

Although seismic field acquisition parameters were designed for unagmg deeper geologrc 
features, anomalous zones m the lower Lararme Formation may be the seismc expression of 
a strat~graphc facies change or possible fault zone(s). The results presented by Rockwell 
(1989) support a possible faces change, and borehole geophysical data near the Rocky Flats 
Plant may e b b i t  low angle thrust fault@) are present near ihe base of the Lararme 
Formation. The presence of fault zone(s) is also possible as evldenced by the deeper fault 
structures on llnes 5 and 6 

3.3.2 Line 5 and 6 Deep 
Deeper seismc reflection events (greater than 0.5 second) indxate a possible fault@) on 
h e s  5 and 6. A thrust fault emanatmg at the west end of the seismc sectlon on Lme 6 
(Plate 1) at 1.13 seconds cuts upward through the upper Cretaceous secnon and flattens at 
wbratmg pomt 118. A thrust fault is also present on Lme 5 (Plate 3), emanatlng near 
vlbratmg pomt 114 at 1.18 seconds and chmnishmg m the upper Cretaceous sectlon near 
wbratlng pout 108 at 0 9 seconds. The fault d ~ p  angles are 30 to 40 degrees (assurmng an 
average veloclty of approxlmately 7,000-9,000 ft per second). It is Mficult to de te rne  the 
three &mensional character of the mterpreted fault system wthout addmonal seisrmc and/or 
borehole data Based on our geophysical expenence, the faults present on Lmes 5 and 6 are 
part of an lnterconnected thrust fault system. Ken attleson has presented strong evidence in 
favor of the thrust fault theory m h ~ s  document entitled "Decollement Faulmg in the 
Northwest Pomon of the Denver Basu, Colorado". Several fault locanons near the Rocky 
Flats Plant area are shown m Figure 5. 

I 

' 0 

The thrust fault(s) present on h e s  5 and 6 is not clearly defined m the ongmal CSM 
processmg. The absence of the thrust fault@) is most k l y  due to Merences m processmg 
algorithms for the calculmon of statIcs. The onpnal p m s m g  used "tnm" staacs with a 
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deep tune gate. 'Ru algonthm forces an ahgnment of coherent reflectlon events w i t b  the 

gate. The reprocessing sequence used a vanety of modem s m c  algonthms including 
surface consistent statics. These modem methods attempt to calculate s m c  comtlons 
usmg near surface solutlons, thus presesvlng deeper structural features. 

@ 
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4.0 CONCLUSIONS 
The reprocessed seisxuc data (specifically Lme 5; inferred fault between 230 - 280 ms) and 
borehole geophysical data near the Rocky Flats Plant exhbit cbaractenstxs which may be 
indicanve of relatively shallow thrust fault structure(s). These shallow thrust fault 
strucm(s) may affect the morphology of the Cretaceous Laramie and Arapahoe strata, thus 
crcatmg potend pathways for the downward migratzon of contamrnants mto deeper 
groundwater aqufers. 

The deeper thrust fault structure(s) evident on hes 5 and 6 do not appreciably affect the 
shallow hydrologic system, although they do represent possible evidence thrust fault(s) 
ocuned in the htstory of Colorado Front Range geology. 

It is recommended that adhtional seisrmc reflection data be a q m d  at the Rocky Flats 
Plant based upon the reprocessed seismc data. The seismc aqursinon parameters should be 
designed to mvesngate the 300 - 800 ft depth zone. 

13 
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OBJECTIVE 

The purpose o f  t h i s  p r o l e c t  was t o  i n v e s t i g a t e  the poss 

e x i s t e n c e  o f  f a u l t s  m the v i c i n i t y  o f  the U.S. Atomic Energy 

Commission's Rocky F l a t s  Plant, 

INVESTIGATION PROCEDURE 

Durmg the time i n t e r v a l  December 9-28, 1975 and February 

through A p r i l  1,  1976, Rockwell I n t e r n a t i o n a l  I n c . ,  operator 

the Rocky F l a t s  P l a n t ,  contracted and financed the acquisition,  

processing and i n t e r p r e t a t i o n  o f  1 5  miles o f  seismic r e f l e c t i  

data m the v i c i n i t y  o f  the Rocky F l a t s  Plant.  

performed through the Geophysics Fund I n c . ,  under the d i r e c t i  

of  Tom Davis o f  the Department o f  Geophysics of the Colorado S 

of  Mmes. 

The survey was 

The VIBROSEIS (trademark of Continental  O i l  Company) system 

The seismi o f  data a c q u i s i t i o n  was used throughout the p r o j e c t .  

source m v o l v e d  a truck-mounted s e r v o - h y d r a u l x  v l b r a t o r  which 

was made t o  sweep a t  a constant amplitude over a l i n e a r  range of  

frequencies durang a futed period o f  time. 

a 48 - 8 Hertz dawnsweep was used extending Over an 8-second 

duration. Data was recorded f o r  11 seconds from the time o f  

sweep m i t i a t i o n ,  

i s  similar t o  t h a t  of t h e  chirp radar method. 

Throughout t h e  survey 

The process by which t h e  s i g n a l  is  recovered 

F i e l d  records 

from t h i s  seismic source show no d i s c e r n i b l e  r e f l e c t i o n  informa- 

The data must be computer cross-correlated w i t h  the o r i g i n a l  sweep 1 2  -%c 

'y: z2 
3 

1 t i o n  because t h e  seismic pulse is  spread Over s e v e r a l  seconds. 

of  frequencies before r e f l e c t i o n  lnformation may be viewed. The m 

s i g n a l  generated by t h i s  source was recorded by a 24-channel 

d i g i t a l  f i e l d  system DFS-10000. 

vabrator p o i n t  (vp) consisted o f  27 sweeps spaced over 10-foot 

i n t e r v a l s .  

* ?  

The source p a t t e r n  a t  each 

Distance between source p o l n t s  (vps) v a r i e d  from line 

e-2-2 
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The r e c e i v e r  pat tern to l i n e  but  was e i t h e r  400 or 600 feet. 

consisted of 15 geophones stretched over 200 feet. Information 

during each v i b r a t i o i  was recorded by 24 sets o f  these geophone 

arrays. 
lane t o  l i n e  b u t  was either 200 or  300 feet. Data acquired was 

processed on t h e  Geophysics Department's Phoenur mmicomputer. 

A standard processing sequence of demltiplexur~,  summing, cross- 
correlat ing,  and stackrng was performed, 

The spacing between t h e  geophone groups var ied from 

Seismic data was acquired 111 t h e  general  v i c l n i t y  o f  the  

Rocky F l a t s  Plant ( l i n e s  1-81 and Eggleston Reservoir north of  

Highway 128 ( l i n e s  1-31 a s  shown m Figure 1. These l i n e s  were 

located according t o  topographic considerations with t h e  specific 

geologic o b ~ e c t i v e  in  mind. One lure  traversed the  e n t i r e  extent  

o f  t h e  p lant  ( lme 6 ) .  The e c o l o g i c a l  advantage of the VIBROSEIS 

technique was demonstrated throughout the pro ject  but most important 

during the Central  Avenue t raverse ,  

INTERPRETATION 

Geological ly ,  t h e  Rock F l a t s  Plant  is s i t u a t e d  as depicted 

111 Figure 2. A s t r a t i g r a p h i c  column i s  i l l u s t r a t e d  in  Figure 3. 

The Rocky F l a t s  (Figures 4-11) and Eggleston (Figures 12-14) 

seismic l i n e s  were interpreted a s  shown. The data q u a l i t y  f a c i l i -  

tated t h e  lnterpretat ion.  I n  addition,  t h e  seismic data was t i e d  

t o  t h e  Tom Jordan Marshall Lake W e l l  (22-1s-7OW) f o r  horizon 

control and subsurface v e l o c i t y  information. A synthet i c  seismo- 

gram (Figure 15) run from t h e  sonic log i n  t h e  w e l l  enabled a 

good seismic-well t ie .  Seismic data made a v a i l a b l e  by Tom Jordan 

(Davis, 1974) was t i e d  d i r e c t l y  t o  t h e  Rocky F l a t s  data. 

maps (Figures 16 and 17)  were prepared on t h e  Top and Base o f  the 

Pierre  Shale respect ively .  

Two 

c-2-3 
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The maps and related seismic sections illustrate that two 
types of fault systems are present in the Rocky Flats area. 
One fault system is locally restricted to the Upper Pierre 
Shale and Laramie-Fox Hills sections. It is depositional h 
nature and related ln a growth fault manner documented by 
Davis (1974) and Weimer (1973) . An associated basement-controlled 
fault system exists on the western and southern extremity of 
the shallow growth fault system. The basement-controlled fault 
system localized depositron of the Upper Pierre Shale and Laramie- 
Fox Hil ls  lntervals. Sedimentation rates and thickness accumula- 
tions were greatest within the downfaulted graben area to the 
north of the Rocky Flats Plant. The basement-controlled faults 
to the west and north of the Rocky Flats Plant exhibit a growth 
history as well. Displacement at the Niobrara level is approxi- 
mately 150-200 feet whereas displacement at the Top of the Pierre 
is in the order of SO-75 feet. 
tion conforms to the Top of the Niobrara structure map. It 18 
located approximately 4000 feet beneath the Niobrara horizon. 
Displacements on the basement across the basement-controlled 
faults appears to be ~ T L  the order of 300-350 feet. Displacement 
varies with lateral position on the basement-related faults as 
well. The north-south fault has more displacement than the north- 
east trendlng fault. In addition the north-south trending fault 
has more displacement in the southern portion of the map area 
than it has an the north: l e . ,  the fault dies out to the north. 
The northeast trendang fault has more displacement in the south- 

west and displacement diminishes in a northeasterly direction. 

The Precambrian basement configura- 
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SUMMARY 

Interpretation of 15 miles of seismic r e f l e c t i o n  data 111 the 

v i c i n i t y  of the Rocky F l a t s  Plan reveals: 

a, TWO d i s t i n c t  but assocrated f a u l t  systems exist i n  the 

area, A basement-controlled graben area t o  the north 

of the Rocky F l a t s  Plant localized sedimentation the 

form o f  a depocenter throughout Late cretaceous time, 

Associated penecontemporaneous growth fault ing exists in 

t h i s  graben area, These f a u l t s  are northeast trendang 

and do not trend rnto the plant area, 

b, The Rocky Flats  Plant i s  located on the stable,  upthrown, 

horst block south of  the graben area north of Highway 128. 

There is no evidence for shallow, penecontemporaneous, 

growth f a u l t s  within t h i s  basic  structural  element, 

structural  block on which the plant i s  located i s  flanked 

one mile to the west and north by two basement-controlled 

f a u l t s  which f a u l t  the entire sedimentary section.  Near- 

surface displacement on these f a u l t s  i s  ur the order of 

50 f e e t .  

The 

c.  No f a u l t s  e x i s t  withrn the immediate area of  the Rocky 

F l a t s  Plant. 
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GLOSSARY 

A selechon of relevant geophyslcal terms extracted from 
Encyclope&c Dkt~onary of EXplOratlon Geophysics (Shcnff, 1984). 

Applied Geophyscs (Telford et al., 1976), 
Geophysical Prospectmg ( D o h  and Savit, 1988), and others. 

ACCELEROMEIER- A geophone whose output is proportional to the accelxatlon of 
earth parncles. For example, a movlng cod geophone, wth 
velocity response proportional to frequency (as may be the case 
below the natural frequency) operates as an accelerometer. 

ACOUSTIC 
IMPEDANCE 

ACOUSTIC 
LOGGING - 

AIR WAVE - 

e ALIAS 

ANALOG - 

Seismic veloaty multiplied by density. Reflection 
coeffiaent at normal madence depends on changes in aCOUShC 
impedance. 

A borehole logging survey whch will display any of several 
aspects of selsrmc-wave propagmon, Le., a somc, amplitude, 
chxacter or 3D-log. 

Energy from the shot whch travels in the air at the veloaty of 
sound V = 1051 + 1.1F Ws, where F = Fahrenheit 
temperature, or V = 331.5 + 0.607C m/s, where C = Celsius 
temperature. 

Data 111 sampled form have an ambiguity where there arc fewer 
than two samples per cycle. 'Rus creates a situation where an 
input signal at one frequency appears to have another 
frequency at the output of the system. Half of the frequency 
of samphg is called the folding or Nyquist frequency, fN, and 
a frequency larger than b, fN + Y, appears to have the 
smaller frequency fry. To avoid this ambiguity, frequencies 
above the Nyqmst frequency must be removed by an an~-&as 
filter before the samplmg. otherwise the system wdl react as 
if the spectral charactenshcs were folded back at the Nyquist 
frequency. Thus, for a system sampled over 4 msec, or 250 
hmes per second, the Nyqmst frequency is 125 cps; If, for 
example, 50 cps is wthm the pass band, then 200 cps wll also 
be passed d an a n h - a h  filter is not used, a p p m g  upon 
output to have a 50 cps frequency. The pass bands obtarned 
by folding about the Nyqulst fkequcncy are also called "alias 
bands," "side lobes," and "secondary lobes." Aliasing is an 
inherent property of a l l  sampling systems and appbes to &@tal 
seismc remrdmg and also to the samping which is done by 
the separate elements of geophone and shotpoint arrays. 
(1) A ConMuoUs physical vanable (such as voltage or rotaaon) 
which bears a dmct relmonshp (usually hear) to another 
vanable (such as earth moaon) so that one IS propomonal to 
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the other. (2) Contmuous, as oppqsed to ducrete or digtal. 

ANOMALY - 

APPARENT 
VELOCITY - 

ATI'ENUATXON - 

AUTOMATIC GAIN 
CONTROL (AGC) - 

BEDROCK - 
BODY WAVES - 

CABLE - 

CAPAClTANCE - 

CHANNEL- 

CHANNEL WAVE - 

A deviation from d o r m ~ t y  m physical properhes, often of 
expiorahon interest. For example, a travel m e  anomaly, 
Bouguer anomaly, free-atr anomaly. 

(1) The phase velocity which a wavefront appears to have 
along a h e  of geophones. (2) The inverse of the slope! of a 
time-&stance curve. 

A reduction in amphtude or energy caused by the physical 
charactensncs of the transmitting meha or system. Usually 
includes geometnc effects such as the denease m amplitude of 
a wave with macasing distance from a source, Also used for 
lnstrumental reductlon effects such as rmght be produced by 
passage through a filter, 

A system in which the output amplitude is used for automam 
control of the gam of a seisrmc amplifier, usually inchdual 
for each channel, although mul t i - che l  demces are sometimes 
Used. 

Any solid rock such as may be exposed at the surface of the 
earth or overlam by unconsohdated matenal. 

P-waves and S-waves, whch travel through the body of a 
mehum, as opposed to surface waves.. 

The assembly of electncal conductors used to connect the 
geophone groups to the recording mstrument. 

The m o  of charge (Q m coulombs) on a capmtor to the 
potential across it (V m volts) is the capacitance (C in farads): 

C = Q / V  

(1) A single senes of interconnected dewces through whch 
geophysical data can flow from sources to recorder. Most 
seisrmc systems are 24 channel, allowrng the smultaneous 
recordmg of energy from 24 groups of geophones. (2) A 
locahzed elongated geologxal feature resultmg from present or 
past dramage or water actlon; often presents a weathenng 
problems. (3) An allocated w o n  of the radio-frequency 
spec- 
An elastlc wave propagated in a layer of lower velocity than 
those on either side of it. Energy IS largely prevented from 
escapmg from the channel because of repeated total reflection 
at the channel boundanes or because rays which tend to escape 
are bent back toward the channel by the increasrng veloclty 
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I 

CHARACTER- 

i) 

COMMON DEPTH 
POINT (CDP) - 

COMPRESSIONAL 
WAVE - 

CONVERTED 
WAVE - 

away from it in either direc~on. 

(1) The recognrzable aspect of a seisrmc event, usually in the 
waveform, whch dtstmngwshes it from other events. Usually a 
frequency or phasmg effect, often not defined precisely and 
hence dependent upon subjective judgment. (2) A single letter, 
numeral, or s p e d  symbol in a processmg system. 

The situatlon where the same portion of subsurface pmduces 
reflections at Merent offset distances on several profiles. 

An elasnc body wave m whch pamcle motmon 1s m the 
direcbon of propapaon. (Same as P-waves, longitudinal 
wave, &lation wave). 

A wave whch is converted from longitudinal to transverse, or 
vice versa, upon reflemon or refkacnon at oblique hdence  
from an interface. 

CRITICAL ANGLE - Angle of incidence, qc, for whch the refhcted ray grazes the 
surface of contact between two media (of velocities V, and 
VJ: 

QUTICAL 
DISTANCE - 

CROSSFEED - 
CROSS-HOLE 
METHOD - 

CROSS SECTION - 
DATUM - 

(1) The offset at whch the reflectton tune equals the refractlon 
m e ;  that is, the offset for which the reflectton occurs at the 
cnncal angle (see SheM, 1984 p. 45). (2) Somemes 
incorrectly used for crossover &stance, the offset at whch a 
refracted event becomes the first break 

Interference resultlng from the unintennonal pickup of 
information or noise on one channel from another channel. 
Also crosstalk. 

Techmque for measunng m situ compressional @) andor shear 
(s) wave velocmes by recorbg tramat times from a some 
wthu~ one borehole to receivers at the same elevation in one 
or more other boreholes. Sources may be explosive or 
dvemonal to enhance either P- or S-wave generation. 

A plot of seismic events. 

(1) The arbitrary reference level to which measurements arc 
corrected. (2) The surface from whch susrmc reflection m e s  
or depths are counted, commons hamg been made for local 
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DELAY TIME - 

DIELECIWC 
CONSTANT - 

DIFFRACTION - 

DIGITAL - 

DOWN-HOLE 
METHOD - 

ENDLINE- 

FIRST BREAK - 

topographc and/or weathcnng vanations. 
level for elevation measurements, often sea level. 

(3) The reference 

(1) In refraction work, the awnonal m e  required for a wave 
to follow a trajectory to and along a buned marker over that 
w h c h  would have been req& to follow the same marker 
considered hypothehcally to be at the ground surface or at a 
reference level. Nowally, delay tune msts separately under a 
source and under a detector, and is dependent upon the depth 
of the marker at wave incidence and emergence pomts. Shot 
delay m e  plus geophone delay time equals mtercept m e  (See 
D o h ,  1988 p. 472). (2) Delay produced by a fdtcr. 

A measure of the capacity of a matend to store charge when 
an electnc field 1s apphed. It 1s the dimensionless rat10 of the 
capmnvity (or pcrmmvity, the ratio of the electncal 
displacement to the electric field strength) of the material to 
that of free space. 

(1) Scattered energy whch emanates from an abrupt 
irregularity of rock type, particularly common where faults cut 
reflectmg mterfaces. The m t e d  energy shows greater 
curvature than a reflection (except in certain cases where there 
are buned foci), although not necessarily as much as the curve 
of m u m  conventy. It frequently blends wth a reflection 
and obscures the fault locahOn or becomes confused with dip. 
(2) Intexference produced by scamnng at edges. (3) The 
phenomenon by whch energy is transmtted laterally along a 
wave crest. When a porhon of a wave tram is xitempted by a 
barrier, &ffracnon allows waves to propagate into the repon of 
the bamer’s geometric shadow. 

Repmentanon of quanhties in &screte u t s .  A digital system 
is one m whch the mformahon is contamed and mampulated 
as a senes of &Crete numbers as opposed to an analog system, 
in whxh the mformahon is represented by a contmuous flow 
of the quanhty constitumg the signal. 

Techmque for measurement of in situ compressional and shear 
wave velmties u W g  a selsmc source at ground surface and 
a clamped tnaxlal geophone at depth m a borehole. Shear 
wave energy is often enhanced by use of duecnonal sources 
such as stnlang the ends of a weighted plank. 

Shotpoints that are shot near the end of the spread. 

The first recorded signal ambutable to seismc wave travel 
from a known source. First breaks on reflecnon records are 
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FOLD - 

FREQUENCY 
DOMAIN: - 

GAIN - 

GALVANOMETER - 

GEOPHONE - 
GEOPHONE 
STATION - 

GROUP VELOCITY - 

HYDROPHONE - 

IMPEDANCE - 

used for informmon about the weathemg. Refractton work is 
based pnnapally on the first breaks, although secondary (later) 
refracaon amvals are also used. Also first amval. 

The muhplicity of common-midpomt data When the 
mdpomt is the same for 12 offset &stances, e.g., the stack is 
referred to as "12-fold". 

A representahon in which frequency is the mdependent 
vanable; the Founer transform vanable when transforrmng 
from hme. 

An mcrease (or change) m signal amphtude (or power) from 
one pomt in a c m u t  or system to another, often from system 
lnput to output. 

A part of a seismc camera consistmg of a cod suspended in a 
constant magnetx field. The cod rotates through an angle 
proporhonal to the electncal current flowrng through the cod. 
A small m o r  on the cod reflects a light beam, whch exhbits 
a visual record of the galvanometer rotation. 

The mstrument used to convert seismc energy mto electncal 
voltage. Same as seismometer. 

Pomt of locahon of a geophone on a spread, expressed in 
engmeenng nomon as 1+75 taken from O+OO at the begmmg 
of the h e .  

The velocity wth whch most of the energy in a wave train 
travels. In &spersive medm where velocity vanes wth 
frequency, the wave tram changes shape as it progresses so that 
in&wdual wave crests appear to travel at a Merent veloaty 
(the phase veloaty) than the overall energy as approximately 
enclosed by the envelope of the wave ma The veloaty of 
the envelope is the group velocity. Same as &spersion. 

(Pressure detector) A detector whch is sensihve to vanattons 
in pressure, as opposed to a geophone whch is sensihve to 
parhcle mohon. Used when the detector can be placed below a 
few feet of water, as in manne or marsh or as a well 
seismometer. The frequency response of the hydrophone 
depends on its depth beneath the surfam 

The apparent reslstance to the flow of altemanng current, 
analogous to resistance in a dc circuiL Impedance is (in 
general) complex, of maptudo 2 wth a phase angle g. These 
can be expressed in tenns of resistance R (m ohms), inducttve 
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IN-LINE OFFSET - 

INPHASE - 

LEAD- 

LINE- 
LOVE WAVE - 

Low-vELocITY a 
LAYER - 

MAGNETIC 
PERMEABILITY - 

MIS-TIE - 

reactance XL = 2pL, and capwihve reactance X, = 1/2pnC: 

2 = [Rz + (XL - WlM 
g = tan-'[(X' - X3/Rl. 

2 is in ohms when frequency n u m hertz, L is inductance rn 
henrys, and C is cap tance  rn farads. 

A spread whch is shot from a shotpomt which IS separated 
(offset) from the nearest actlve pomt on the spread by an 
appreciable distance (more than a few hundred feet) along the 
h e  of spread. 

Electrical signal wth the same phase angle as that of the 
excltmg signal or cornpanson signal. 

An electrical conductor for connecting electncal devices. 
Geophones are connected to cables at the takeouts v u  leads on 
the geophones. 

A senes of profiles shot m h e .  

A surface seisrmc channel wave associated with a surface layer 
which has riguhty, charactenzed by horizontal mohon 
perpendicular to the directton of propagation wth no vmcal 
mohon. 

A near-surface belt of very low-veloaty matenal often 
abbremated LVL, also called weathemng. 

The mho of the magnehc rnduction B to the mducrng field 
strengh H denoted by the symbol m: 

m = B/moH 

mo is the permeabhty of free space = 4 ~ 1 0 '  webedampere 
meter or (henrys/meter) rn SI system, and 1 gauss/oersted in 
the cgs system, so that the pexmeabdity m is densionless. 
The ClUanhty mmo is sometunes considered the permeabllity 
(especially m the cgs system). 

(1) The m e  drference obtamed on carrymg a reflechon, 
phantom, or some other measured quautity mud a loop; or 
the Merence of the values at idenhcal pmts  on mtersecthg 
lrnes or loops. (2) In refractlon shootlag, the time chfference 
from reversed profiles whch @ V ~ B  erroneous depth and dip 
calculahons. 
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MULTIPLEX - 

NOISE - 

NOISE SURVEY - 

OBSERVER - 

ON-LINE - 

OSCILLOGRAPH - 

OSCILLOSCOPE - 

PERMITllvITy- 

Seisrmc energy whch has been reflected more than once. 
Same as long-path multlple, short path multlple, peg-leg 
multlple, and ghost. 

A process wbch perrmts transrmttmg several channels of 
infomatlon over a smgle channel unthout crossfeed. Usually 
Merent input c h &  are sampled m sequence at regular 
mtewals and the samples are fed mto a single output channel; 
&@tal sersmic taps arc muluplexed in this way. Multiplexing 
can also be done by usmg different carrier frequencies for 
different mfmahon channels and in other ways. 

(1) Any undesued signal, a disturbance which does not 
represent any part of a message from a specified source. (2) 
Somerunes restncted to energy which is random. (3) Seisrmc 
energy whch is not resolvable as reflections. In this sense 
noise mcludes rmcromsms, shot-generated noise, tape- 
moddabon noise, harmonic distorhons, etc. Sometimes 
divided into coherent noise (includmg non-reflection coherent 
events) and random noise (mcluding wmd mise, rnstrument 
noise, and all other energy whch is nonaherent). To the 
extent that noue is random, it can be attenuated by a factor of 
n by cornpositing n signals from indepeadent measurements. 
(4) Sometunes restricted to seismic energy not denved from 
the shot explosion. (5) Disturbances in observed data due to 
more or less random mhomogeneibes in surface and near 
surface matenal. 

A mappmg of ambient, continuous seisrmc noise levels urlth~.~ 
a gwen frequency band. As some geothermal resuvom arc a 
source of short-penod seisrmc energy, thrs techntque is a useful 
tool for detecMg such reservom. Also called ground noise 
survey. 

The geophysicist m charge of recordmg and overall field 
operatlons on a seismic crew. 

Shotpomts that are shot at any pomt on a spread other than at 
the ends of the spread. 

An mstrument that renders visible a c w e  represenhng the m e  
vanmons of electnc phenomena. 

A type of oscillograph that wsually &sp4ys an electncal wave 
on the screen of a cathode ray tube type. 

capacihvity (q.v.) of a three-dimenaowl material, such as a 
dielectnc. Relatwe pennrttivlty is the dimensionless ratlo of 
the perrmmwty of a matenal to that of free space; it is also 
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PLANT - 
PROFILE - 

PROFILING - 

W A R  - 

RADIO 
FREQUENCY - 

RAYLEIGH 
WAVE - 

RAYPATH - 

REFLECTION 
SURVEY - 

RESOLUTION - 

called the drelectnc constant. 

The velocity wth whch any given phase (such as a trough or 
a wave of smgle frequency) travels; may Mer from group 
velocity because of dispersion. 

The manner m whlch a geophone is placed on or m the earth, 
the couphg to the ground. 

The senes of measurements made from several shotpomts mto 
a recordmg spread from whch a seismtc data cross secbon or 
profile can be constructed. 

A geophysical survey in which the measuring system is moved 
about an area (often along a line) with the objectlve of 
determming how measurements vary wth locatlon. 
Specifically, a reslstmty, IP, or electromagnetx field method 
wherein a fixed electrode or antenna axray is moved 
progressively along a traverse to create a horizontal profile of 
the apparent resisbvity, 

A system in whch short electromagnetlc waves 8re transmuted 
and the energy scattered back by reflecting objects is detected. 
Acronym for "radio detection and ranging." Ships use radar to 
help "see" other ships, buoys, shorelines, etc. Beacons 
sometunes provide drstinctive targets. Radar is used m aircraft 
nawgation (see Doppler-radar), m positiomg, and in remote 
sensmg. 

A frequency above 3kHz Ra&o frequencies are subdiwded 
into bands. 

A seismc wave propagated along the free surface of a 
semlintlnate me&um. The pamcle motlon near the surface is 
elllptlcal and retrograde, m the vertical plane contamng the 
duecnon of propogatlon. 

A h e  everywhere perpendicular to wavefronts (m isotropic 
meha). The path whch a sasmc wave takes. 

A survey of geologic structure using measurements made of 
amval m e  of events attributed to seisrmc waves whch have 
been reflected from mtexfaces where the acoustlc impedance 
changes. 

The abdity to separate two features which are very close 
together. 
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SEISMIC 
AMPLIFIER- 

SEISMIC CAMERA 

SEISMIC 
VELOCITY - 
SEISMOGRAM - 
SHEAR WAVE - 

SHOOTER - 

SHOT DEPTH - 

SHOT INSTANT - 
SHOTPOINT - 

SIGNAL 
ENHANCEMENT - 

SIGN AL-TO-NOISE 
RATIO SOUNDING- 

SOUNDING - 

An electromc device used to lI1crease the electncal amphtude 
of a seisrmc signal. (See geophone) 

- A rewrdmg osallograph used to produce a wsible pattern of 
electncal signals to make a sesmc record. 

The rate of propagation of a sesmic wave through a medium. 

A seismxc record. 

A body wave in whch the particle motion is perpendicular to 
the duectlon of propagahon. (Same as S-wave, equivolummal, 
transverse wave). 

The quahfied, hcensed mdimdual (powderman) m charge of all 
shotpomt operations and explosives handling on a seismxc 
Crew. 

The &stance down the hole from the surface to the explosive 
charge, often measured wth loading poles. With small charges 
the shot depth is measured to the center or bottom of the 
charge, but with large charges the distances to both the top and 
bottom of the column of explosives are usually gwea 

(Time Break (TB), Zen, Time) - The time at which a shot is 
detonated. 

Point of location of the energy source used in generating a 
pmcular seismogram. Expressed either sequentially for a h e  
(1.e. SP 3) or in engineering nomon (i.e. SP 3+00). 

A hardware development utdized UI seismographs and 
resistivity systems to mprove signal-to-noise mi0 by red-tune 
addmg (staclang) successwe wavefonns from the same source 
point and thereby discnmmmg agmst random nose. 

The energy (or sometimes amphtude) diwded by a l l  remamng 
energy (noise) at the tune; abbremated SM. 

Measmg a property as a function of depth, a depth probe or 
expander. Espeaally a series of electrical resistiwty readings 
made with successively greater electrode spaclng whde 
maintaimg one pomt m the amy fixed, thus grmg resutimty- 
versus-depth information (assurmng horizontal layering); 
electnc dnlling, probmg, VES (vertical electnc soundmg). 
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0 SPREAD- 

STONELEY 
I WAVE - 
I SURFACE WAVE * 

TAKEOUT - 
TIME BREAK (TB)- 

TIMEDOMAIN- 

TOMOGRAPHY - 

TRACE - 

WHOLE METHOD- 

WAVE TRAIN - 

The layout of geophone groups from which data from a srngle 
shot arc recorded sunultaneously. 

A type of seismc wave propagated along an interface. 

Energy whrch travels along or near the surfact (ground roll). 

A connection pomt to a mulhconductor cable where geophones 
can be connected. 

The mark on a seismic record which indicates the shot instant 
or the tune at which the seismc wave was generated. 

1. Expression of a variable as a function of tune, as opposed 
to its expression as a funmon of frequency (frequency 
domam). Messing can be done using tune as the vanable, 
i.e., "in the m e  domain". For example, convolving involves 
taking values at successive m e  htervals, mUlhplymg by 
appropriate constants, and recombining; this is equvalent to 
filtenng through frequency-selective cmuitry. It is also 
eqwvdent to Fomer transfommg, multiplymg the amplitude 
spectra, and adding the phase spectra ("in the frequency 
domad'), and then mvcrse-Founer transforming. 

2. Tune-do- induced polanzation is called the pulse 
method (q.v.) 

The reconstruction of an object from a set of its projections. 
Tomograpbc techques arc utilized in m d c a l  physics as well 
as m cross-borehole elecaomagneac and s m c  transmission 
surveys. 

A record of one seisrmc channel. This channel may contam 
one or more geophones. A trace is made by a galvanometer. 

Also called the Meissner techmque, a method of reconstructing 
wave front dqrams by shooMg at s e v d  depths and 
recordmg on a full surface spread of geophones. Denved 
wavefront diagrams yield a true picture of wavepaths and, 
therefore. layermg in the subsurface. 

(1) The sum of a senes of propagating wave fronts emanahng 
fkom a smgle source. (2) The complex wave form observed m 
a seismogram obmed from an explosive source. 
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FIELD PARAMETERS 
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1161 STRCK 1200% 
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1171 FILTER - DIGITAL BRNDPRSS 
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- ._ _. 

- SO50 

FINAL STACK  
NORMAL POLFlRITY 1 
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S P S :  1 0 1  - 125 
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DATUM: 5900 FT Vc : 8000  FT/SEC 

WEST 
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109 1 3 7 

. . .  .- . .  
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i ' .  . , mmtr 
FIELD PARAMETERS 

DRTE SHOT: 1975/76 RECORD LENSTH: 3 SEC 

Sf3MPLE INTERVAL: 4 a s  SOURCE INTERYRLt 6 0 0  FT 

VIBROSEIS GROUP INTERVFIL: 3 0 0  FT SOURCE T Y P E :  

SWEEP FREQUENCY: 43 - B Hz COVERRGE: 

SOURCE LAYOUT: 27 SYEEPS/l0 FT GEOPHONE T Y P E :  
F I E L O  FILTER:  

NORHRL TRACE SPREflO I S  24 CHANNELS SHOT THROUGH THE CABLE 

1200 z 

GEOPHONE L A Y O U T :  15 PHONES/ZBB F 

DISPLRY PARAMETERS 
6 INCHES/SECOND 4 0  T R A C  ES/ I N C H 

PROCESSING PARAMETERS 

111 DEMULTIPLEX, SUM, AND CORRELATION AT AN EARLIER DATE 
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a GEOMETRY APPLICATION 
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Oprro to t  Lmngfh: 136 ns 

Prauhi  tmnlng: . fZ 
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1151 FIRST BREAK SUPPRESSION MUTE 
U 

STACK 1200% 

FILTER - DIGITRL BRNDPASS 
P o l s  Band: 6/10  - 4 3 / 5 3  HZ 

TRACE EQUALIZFITION 

5 8 8  
i i T i m .  Variant  A G C i  ~ 158 am 0 . a  - ,25  SEC 

. 2 5  - . 7 5  5 E f  

.P5 - 3 . 6  S E C  158 mm 
.. - .  -. - 

VECTOR 
SEISMIC DRTA PROCESSING INC. 0.40 

Denver ,  Colorado 

DATE PROCESSED: OCTOBER, 1989 

. ., 

. . ,! ,! 

S T R C K I N G  12  
FOLD 10 

12 S T R C K I N G  
10 F O L D  

8 

6 

4 
2 
e '  

9 
6 

2 
0 



L EBASCO ENVIRONMENTAL ~ INC . 
b 

I 

CENTRAL FIVENUE 
LINE 6 

.I FINAL STRCK  
REVERSE PO.LflRITY - 

W c 
L 

I I 

I SPS:  101  - 125 
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t EBASCO ENVIRONMENTAL, INC. 

0 
2 5 0  
4 9 8  
8 3 8  
8 8 5  

1 1 0 8  
1 4 7 0  
1 8 0 0  
2 1 0 0  
3 0 0 0  
8 B 0 0  

0 0 0 0 - -  
0 2 9 8  
8790 
9 2 5 0  

1 0 1 8 0  
1 8 9 8 8  
10708 
11100 
14080 
17880 
17088 

I -  ' (3( GEOMETRY APPLICRTION 

~ II"( FINRL VELOCITY RNflLYSIS 

I 

E L E V R T I O N  
P R O F I L E  
FEET 

ELEVRT 
P R O F 1  

FEET 

'IO 
'LE 

I 
I CENTRRL AVENUE 

L1N.E 6 
I 

S O 8 0  . . . . ~1 ..- . . .. . . .. . ~ .  I . ~ .. . . I . _. - . ..I 1. 1 .  Is - -1 .. . .. - . . . . ~~~ I . .. . 

FINAL STACK 
REVERSE POLRRITY 

W E 
1 I 

; i  1 3  

SPS: 101  - 125 I WEST 

lY1 105 I COUNTY:  JEFFERSON STRTE: COLORADO 
Vc : 8000 FT/SEC 

109 117 121 I DATUM:  5900  FT 
1 I 
I FIELD PFIRANETERS I 

RECORD LENGTH: 3 SEC DRTE S H O T :  1975/76  
SRHPLE IHTERVAL: 4 ms 

SOURCE TYPE: 

SOURCE INTERYFIL: 688  FT 

GROUP INTERVAL: 388 FT V IBROSE IS  

SYEEP FREQUENCY:  48 - 0 Hz COVERAGE: 1200z 
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R E V I S I O N  NO. DATE  1 
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215 UNION BOULEVARD 
SUITE 600 

LAKEWOOD. CO 80228 

I i-----t-------- 
ROCKWELL  INTERNATIONAL 

Rocky Flats Plant  
Golden, Cotorado 

1 I Plate 1 

1989 
INITOR 

BACKGROUND SURFACE  
W E L L  LDCATIONS, AND I WATER, SEDIMENT, BOREHOLE, 

CROSS-SECTION LOCATION LINES 


