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Overview: of Discussion

» Borehole Geophysical Parameters — Why Geophysical
logging?

» Borehole geophysical interpretations of flow and wellfield
dynamics

South Central Texas Example
» Monitoring Wells near public supply: wellfield

» Flowmeter data associated with depth-dependent
sampling of Edwards aguifer public supply wellfield

Albuguergue New Mexico Example

» Flowmeter data associated with depth-dependent
sampling of Yale 2 PSW

Superfund Site Example
Pantex Example




Geophysical Logging
An integral part of monitoring well construction and
depth dependent sampling of a public supply well

Caliper,
‘Natural Gamma,
*SP,

‘Resistivity,
Conductivity,
Temperature,
Borehole
Imaging tools,
‘EM Flowmeter




Applications of logging — Why geephysical legging?
Information frem drilling - Cuttings legs / Coring
Dependent on cuttings returns / core recovery.
Descriptions subject to interpretation of on-site geologist
Borehole Geophysical Logs
Better depth control
Lithologies confirmed with; multiple logs
Water-quality indicators

Well 20
Locatfion: Stamps ARA
Reference: Ground Surface
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South-Central Texas TANC Example

» The Transport of Anthrepegenic and Natural
Contaminants (TANC) Is a Topical Study of the
National Water Quality: Assessment (NAWQA)
Program

» TANC study question: What are the primary
(1) contaminant SOUrces,

(2) aguifer processes, and

(3) well characteristics

that control the transport and transformation of
contaminants from recharge areas to supply
wells In representative drinking water aquifers?
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South-Centrall Texas TANC
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Karst, Fracture and Flow
Characterization

Optical Televiewer Heat-pulse & EM Flowmeters

Fracture with
low head

Upward 1

vertical flow | ,‘—Centralizer
{upflow) in

bhorehole

Fracture with
high head




Borehole-Wall Image Fracture
Analysis

3-D wrapped image  Projected image
N N
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Zarzamora Deep Monitering Well
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Public Supply Well Depth Dependent
Jaunpline
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Depth-Dependent Sampling

-Borehole Geophysicalks
Flow Data Used insZog
Selection

‘Sampled 3 Zones. i

Conditions:
—Cyclic and Marw
—| eached andit
—Kirschberg

Instaliihg _te‘éf pump
In public supply well




Borehole Geophysics and Depth
Dependent Sampling
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Public Supply WeII Flowmeter Data

Well Field OFF

SAMPLED sampLED jill

850 gpm Up
400 gpm Up

No Flow No Flow Hi§

!III
i
=1

Well Field ON

SAMPLED

850 gpm Up

00 aom Up

00 apm Up

No Flow
No Flow

100 gpm Up
200 gpm Up
200 gpm Up
50 gpm Up
<50 gpm Up




Flowmeter Logging Results
(4 conditions)

Wellfield OFF
(no pumping PWS wells)

Ambient
» No borehole flow

Trest Pump On
» No flow in lower zone

» All flow in upper zone, gained flow: Iin
Cyclic and Marine

Wellfielal ON
(nearby pumping PWS wells)

Apparent Ambient

» No flow in upper Cyclic and Marine, lose
flow in Cyclic and Marine (affected by
nearby pumping wells)

» Gain flow in Kirschberg and Leached
and Collapsed

Test Pump On
» Upward flow throughout borehole

» Gain flow in Kirschberg and Leached
and Collapsed

» Lose flow in bottom of Cyclic and Marine
(affected by nearby pumping wells)

Gain flow at top of Cyclic and Marine




Transmissivity Estimates
Wellfield Offi Test pumjp: ON

%
FL o W-B ’NPUT A ND PL O TS & ’L‘l§§“$ Ambient Flow Profile Pumped Flow Profile
w4

Wellname: =
REQUIRED INPUT: Edwards Upward Flow, in GPM Upward Flow, in GPM

Elevation of M ing Point [FT] - 0 25;””“ S0 0 500 1000
ber of fi [ 2 PLOT LOGS

Well Di [IN] 26|

Drawdown [FT] 2.08)

Step Factor [-] 70|

Total Transmissivity [FTA2/day] 85000

Depth to Ambient Water Level [FT] 183.81

Depth at bottom of Plot [FT] 750 LOAD/PLOT RESULTS

Depth at top of Plot [FT] 250

Flow above fracture

Depth Ambient Pumped Zone Zone

FRACTURES: [FT] [GPM] [GPM] Tactor [] H[FT]
2 385.000 0.000 750.000 0.950 10.000]
1 614.000 -35.000 4.330 0.050 -1.000]

Depth, in Feet
Depth, in Feet

Elev, Ambient WL [FT]=|  -183.81]  Elev, Pumped WL [FT) =] -185.87]
SIMULATION OUTPUT FROM FWRAP (DO NOT CHANGE)

SSE [GPM*2] |1401.20500) RMS Error [GPM] =
Ambient WL [FT] -2.11000|

Pumped WL [FT] -0.06900|

Ambient Pumped Water Elevation of
Depth Flow above Flow above Zone T Level Water Level
FRACTURES: [FT] [GPM] _[GPM] [FT*2/day] FT] [FT]

2 385.000 0.039| 776.071| 80750.000 33.760] _-183.760]
1 614.000 -24.369 28.998 4250.000 84.760| -184.760

750 750

Dashed line indicates measured flow. Solid line indicates modeled flow.
WARNINGS:

Paillet, F. L. (2000), A field technique for estimating aquifer parameters
using flow log data: Ground Water, v. 38, no. 4, p. 510-521.
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Timberhill Monitoring Wells
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Rio Grande TANC - Yale 2
Ambient and Pumping Flowmeter

R
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Elowmeter Analysis - RIOG Yale 2

FLOW-B INPUT AND PLOTS

Yale 2

Wellname: ﬂ

REQUIRED INPUT:

Elevation of Measuring Point [FT]
Number of fractures [-] 4

5144

PLOT LOGS

Well D [IN]
Drawdown [FT]
Step Factor [-]

Total Transmissivity [FT*2/day]

Depth to Ambient Water Level [FT]
Depth at bottom of Plot [FT]
Depth at top of Plot [FT]

Flow above fracture

Depth Ambient

16

13.73

400

RUN FWRAP

17000

249.38|

1156

LOAD/PLOT RESULTS

336

Pumped

Zone Zone

FRACTURES:

[FTl

[GPM]

[GPM]

Tfactor [-]

HIFT]

3

516.000

21.000

645.000

0.860

0.000,

2|

800.000

128.000

272.000

0.080

10.000

1

950.000

122.000

146.000

0.050

20.000

1

1136.000

16.000

50.000

0.010

25.000

=500 -300 100 100
300 .

Ambient Flow Profile

Upward Flow, in GPM
300

500

Depth, in Feet

Elev, Ambient WL [FT] =|

4894.62]

Elev, P

d WL [FT]=| 4880.89]

SIMULATION OUTPUT FROM FWRAP (DO NOT CHANGE)

SSE [GPM~2]

3682.14500

Ambient WL [FT]

-11.68000

Pumped WL [FT]

4.02502

FRACTURES:

Depth
[FT]

RMS Error [GPM] =| 30.3403403|

Ambient
Flow above
[GPM]

Pumped
Flow above
[GPM]

Zone T
[FT*2/day]

Water
Level
[FT]

Elevation of
Water Level
[FT]

516.000

-0.001

614.887

14620.000

251.430

4892.570|

800.000

115.064

280.987

1360.000

241.430

4902.570

950.000

80.198

154.476

850.000

231.430

4912.570]

1136.0000

19.4624

34.0320

170.0000

226.4300

4917.56982)

1100

1150 ¥

-1000  -500 o

300

Depth, in Feet

1100

Pumped Flow Profile

Upward Flow, in GPM

500 1000

1150

Dashed line indicates measured flow. Selid line indicates modeled flow.

WARNINGS:
WARNING: INCREASE STEP FACTOR!I!

Paillet, F. L. (2000), A field technique for estimating aquifer parameters
using flow log data: Ground Water, v. 38, no. 4, p. 510-521.
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Redeveloped Monitoer Well
Locations
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~
FLOW-B INPUT AND PLOTS =USGS |
sclonce for 8 chaging woeld Ambient Flow Profile Pumped Flow Profile
PTX061044 Post
Wellname:  Redevelopment
REQUIRED INPUT: Ogallala [ Upward Flow, in GPM Upward Flow, in GPM
Elevation of Measuring Point [FT] 470 2 B ? ! 2 470 2 0 z 4 N
Number of fractures [-] 6 PLOT LOGS
Well Di [IN] 4
Drawdown [FT] 17.2
Step Factor [ 90 RUN FWR/
Total Transmissivity [FT*2/day] 520 490 | 400
Depth to Ambient Water Level [FT] 482
Depth at bottom of Plot [FT] 620 LOAD/PLOT RESULTS
Depth at top of Plot [FT] 470
Flow above fracture | I
Depth Ambient Pumped Zone Zone 510 4 510 4
FRACTURES: [FT] [GPM] [GPM] Tfactor [-] H[FT] . | L
6] 495.000 0.018 5.000 0.002 0.000|
s|  530.000 -0.172 4.800 0.935 -9.000,
4| 555.000 0.040 2.400 0.020 -8.000|
3| 570.000 0.036 1.700 0.030 -8.000| | 530 J 530
2l 590.000 0.022 0.600 0.013 -8.000,
1 609.000 0.000 0.020 0.000 0.000] g g
E <
£ £
§ 550 § 550
Elev, Ambient WL [FT]=|  -482.00]  Elev, Pumped WL [FT] =| -499.20| .
|SIMULATION QUTPUT FROM FWRAP (DO NOT CHANGE) [ 570 570
SSE [GPMA2] 0.04151 RMS Error [GPM] = _
Ambient WL [FT] | _-26.11900 T -
Pumped WL [FT] -8.30373
Ambient  Pumped Water  Elevation of | 590 3 590 1
Depth Flow above Flow above Zone T Level Water Level
FRACTURES: [FT] [GPM] [GPM] [FTA2/day] [FT] [FT] ]
6|  495.000 0.000 4,952 1.040| 473.081 -473.081
s|  530.000 -0.049 4.798 486.200| 482.081 -482.081 [
4| 555.000 0.043 2.542 10.400] 481.081 -481.081 810 T 810
3| 570.0000 0.0289 1.7254 15.6000| 481.0810| -481.08099) [
2| 590.0000 0.0092 0.5511 6.7600| 481.0810| -481.08099
1| 609.0000 0.0000 0.0000 0.0000| 473.0810| -473.08099 |
of Dashed line indicates measured flow. Solid line indicates modeled flow.
WARNINGS:
WARNING: INCREASE STEP FACTOR!!!!

Flow-B5_PTX06_1044_post_redevel xls
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Conclusions

» Borehole geophysics gees heyond basic
stratigraphy, and: provides insight for sampling
strategies

» Flowmeter legging in public supply wells can
provide insight to wellfield dynamics that would be
otherwise unknown

» Flowmeter legging coupled with Imaging can
confirmi or correct well construction infermation
and quantify zones of sampled inflow

» Flowmeter logging can be used to evaulate the
need and results of redeveloping wells
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For more information
Contact the USGS
Texas
Water Science Center

Greg Stanton
gstanton@usqgs.gov

Mike Nyman
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