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Geometry Design: 
 
40 - Level Vertical-Array in Boxwood 55-1-12 Unit 5PH 
 
14 - Level Horizontal-Array & 15 - Level Horizontal-
Array in Boxwood 55-1-12 Unit 3H  
 
14 - Level Horizontal-Array & 15 - Level Vertical-Array 
in Thresher 55-1-12 Unit A 16H 



HFTS2 Monitoring Timeline & Processing Info 

Geometry Design: 
 
40 - Level Vertical-Array in Boxwood 55-1-12 Unit 5PH 

14 - Level Horizontal-Array & 15 - Level Horizontal-Array in Boxwood 55-1-12 Unit 3H 
14 - Level Horizontal-Array & 15 - Level Vertical-Array in Thresher 55-1-12 Unit A 16H 

Borehole Seismic processed a total of 89 stages on HFTS2 Project 

AWARDED PROJECT NAME START DATE END DATE DURATION 

MARCH APRIL 

S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M 

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

ANADARKO - HFTS2                                                                                   

Boxwood 55-1-12 Unit 1H 3/19/19 3/28/19 10                                                                             

Boxwood 55-1-12 Unit 2H 4/3/19 4/9/19 11                                                                             

Boxwood 55-1-12 Unit 4H 4/12/19 5/20/19 09                                                                             

1 day of standby 2 days of standby 

April-12-2019 
Borehole Started Monitoring Single Well Frac. 

Boxwood 4H & April-20-2019 
Ended Monitoring Single Well Frac. Boxwood 4H 

March-30-2019 
Borehole Started Monitoring Single Well Frac. 

Boxwood 2H & April-09-2019 
Ended Monitoring Single Well Frac. Boxwood 2H 

March-19-2019 
Borehole Started Monitoring Single Well Frac. 

Boxwood 1H & March-28-2019 
Ended Monitoring Single Well Frac. Boxwood 1H 
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Event Location HFTS2 Project – Boxwood 1H – Colored by Stage 
 Post-Processing – Multi-well + 2.5ms Misfit cut-off 
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Event Location HFTS2 Project – Boxwood 1H – Colored by Stage – Heel 
 Post-Processing – Multi-well + 2.5ms Misfit cut-off 
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Event Location HFTS2 Project – Boxwood 1H – Colored by Stage – Toe 
 Post-Processing – Multi-well + 2.5ms Misfit cut-off 
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Statistics 

Total Located Events 3,736 

Maximum Misfit 28.2105 ms 

Minimum Misfit 0.23865 ms 

Events with misfit below 2.5 ms 3,325 

Mean misfit below 2.5 ms 1.6495 ms 

 MMisfit is the RMS difference between picked and computed 
arrivals. The events misfit distribution over 10 ms behaves randomly. This 
may be due to inaccurate picking in conjunction with low SNR causing 
model time to be very off from picked times. While we believe events 
below 10 ms and greater than 2.5 ms can be improved through re-picking 
and refining velocity model, we do not believe the true outliers that are 
above 10 ms or that have extremely high misfit can be improved via such 
methods. For such reason, here we are presenting three histograms; 
events below 2.5 ms, below 10 ms, and for all events. 

Model Misfit Analysis Boxwood 1H – All Stages (01-33) 
 2.5ms Misfit cut-off + Multi-well only 
  40-level vertical array in 5PH, 14-level and 15-level horizontal arrays in 3H, & 14-level horizontal and 15-level vertical arrays in A16H  

91

396

697

1090 1051

91

396

697

10901051

164
77 51 25 29 5 6 8 3 3 2 4 6 2



73

271

409

685686

105
39 24 12 13 1 1 2 1 3 1 3 2

73

271

409

685 686

    0  5000 10000 15000
0

0.5

1

1.5

2

2.5

9 

Statistics 

Total Located Events 2,347 

Maximum Misfit 28.2105 ms 

Minimum Misfit 0.23865 ms 

Events with misfit below 2.5 ms 2,124 

Mean misfit below 2.5 ms 1.6447 ms 

Model Misfit Analysis Boxwood 1H – Heel Stages (17-33) 
 2.5ms Misfit cut-off + Multi-well only 
  40-level vertical array in 5PH, 14-level and 15-level horizontal arrays in 3H, & 14-level horizontal and 15-level vertical arrays in A16H  

 MMisfit is the RMS difference between picked and computed 
arrivals. The events misfit distribution over 10 ms behaves randomly. This 
may be due to inaccurate picking in conjunction with low SNR causing 
model time to be very off from picked times. While we believe events 
below 10 ms and greater than 2.5 ms can be improved through re-picking 
and refining velocity model, we do not believe the true outliers that are 
above 10 ms or that have extremely high misfit can be improved via such 
methods. For such reason, here we are presenting three histograms; 
events below 2.5 ms, below 10 ms, and for all events. 
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Statistics 

Total Located Events 1,389 

Maximum Misfit 24.7132 ms 

Minimum Misfit 0.2701 ms 

Events with misfit below 2.5 ms 1,201 

Mean misfit below 2.5 ms 1.6665 ms 

Model Misfit Analysis Boxwood 1H – Toe Stages (01-16) 
 2.5ms Misfit cut-off + Multi-well only 
  40-level vertical array in 5PH, 14-level and 15-level horizontal arrays in 3H, & 14-level horizontal and 15-level vertical arrays in A16H  
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 MMisfit is the RMS difference between picked and computed 
arrivals. The events misfit distribution over 10 ms behaves randomly. This 
may be due to inaccurate picking in conjunction with low SNR causing 
model time to be very off from picked times. While we believe events 
below 10 ms and greater than 2.5 ms can be improved through re-picking 
and refining velocity model, we do not believe the true outliers that are 
above 10 ms or that have extremely high misfit can be improved via such 
methods. For such reason, here we are presenting three histograms; 
events below 2.5 ms, below 10 ms, and for all events. 
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Boxwood 1H Final Velocity Model 

VM1B – VM1A Velocity Model 1B 
Velocity Model 

1A 
BSPG1_SD 

BSPG3_LM 

BSPG3_SD 

WFMP 
WFMP B 

WFMP B-M 
WFMP D 

BSPG1_SD 

BSPG3_LM 

BSPG3_SD 

WFMP 
WFMP B 

WFMP B-M 
WFMP D 

5PH 
16H 

16H 
3H 3H 

5PH 
16H 

16H 
3H 3H 
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Final Velocity Model Table, 1A 
 Highlighted values are updated from the previous model 

Notes: 1 ; 2 ; 1 ; 2 ; 3 ; 1 ; and 2 are Tsvankin parameters & ; ; and  are Thomsen parameters. Only perforation shots with both P- and S-waves are used in model building 
and relocation. Grey is the treatment layer. 

Layer Formation Bottom depth 
(TVDSS ft) Symmetry VP (kft/s) VS (kft/s) 

1 2 1 2  3 1 2 

   

1 Overburden 6083 ISO 14.56 8.33 

2 BSPG1_SD 7273 ISO 15.84 9.58 

3 BSPG3_LM 7912 VTI 13.67 8.71 0.131 0.277 0.062 

4 BSPG3_SD 8295 ISO 14.17 8.70 

5 WFMP 8505 TRI 11.10 7.35 0.413 0.291 0.353 0.299 0.085 0.253 0.254 

6 WFMP B 8617 ISO 14.98 9.12 

7 WFMP B-M 8849 ISO 15.35 9.12 

8 WFMP D 8900 ISO 14.14 8.40 

9 WFMP D ∞ ISO 12.52 7.45 



Final Perforation Relocation Boxwood 1H – Stages 02 - 10 

250 ft 
250 ft 

Δ X Error 

Δ X min ± 0.0724 ft 

Δ X max ± 19.7408 ft 

Δ X Average ± 7.1387 ft 

Δ Y Error 

Δ Y min ± 0.0194 ft 

Δ Y max ± 11.6042 ft 

Δ Y Average ± 3.8585 ft 

Δ Z Error 

Δ Z min ± 0.4112 ft 

Δ Z max ± 143.7186 ft 

Δ Z Average ± 29.8435 ft 

Average Perf-Receiver 
Total Distance (ft.) 

Boxwood 1H - Stage # 02 03 04 05 06 07 08 09 10 

Boxwood 5PH – Vertical Array 4635.5 4438.8 4242.7 4049.1 3858.8 3667.3 3473.3 3281.4 3092.4 

Boxwood 3H – Horizontal Array (Uphole) 3842 3650.6 3460.7 3275.7 3096.1 2916.2 2732.9 2554.5 2381.4 

Boxwood 3H – Horizontal Array (Downhole) 1544.3 1447.9 1375.2 1338.1 1338.1 1361.5 1400.8 1471.1 1567 

Boxwood A16H – Horizontal Array 6606 6405.2 6204.5 6002.9 5800.7 5599.3 5400.1 5200.2 5000.1 

Boxwood A16H – Vertical Array 8606.6 8407.7 8208.8 8009.2 7809.4 7610.1 7412.6 7214.8 7017.2 

Plan View Depth View 

Only perforation shots from stages 12 to 18  
have picks on the vertical array 



Boxwood 1H, Stage 04 – Perf #1 

14 

{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  

6952 

7395 

7887 

8871 

8379 
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Boxwood 1H, Stage 04 – Perf #5 

{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  

6952 

7395 

7887 

8871 

8379 



Final Perforation Relocation Boxwood 1H – Stages 11 - 17 

Plan View Depth View 

Average Perf-Receiver 
Total Distance (ft.) 

Boxwood 1H - Stage # 11 12 13 14 15 16 17 18 

Boxwood 5PH – Vertical Array 2905.2 2718.6 2534.5 2354.6 2180.2 2012.5 1848.9 1693.1 

Boxwood 3H – Horizontal Array (Uphole) 2214.3 2051.5 1896.7 1751.5 1619.6 1510.5 1418.6 1343 

Boxwood 3H – Horizontal Array (Downhole) 1683.3 1812.2 1954.1 2105.8 2266.1 2437 2610.5 2784 

Boxwood A16H – Horizontal Array 4799.9 4600.7 4401.7 4203 4004.4 3804.8 3606.5 3410.3 

Boxwood A16H – Vertical Array 6819.4 6622.2 6425.1 6229.1 6033.9 5836.9 5640.4 5447.5 

250 ft 
250 ft 

Δ Z Error 

Δ Z min ± 0.4112 ft 

Δ Z max ± 143.7186 ft 

Δ Z Average ± 29.8435 ft 

Δ X Error 

Δ X min ± 0.0724 ft 

Δ X max ± 19.7408 ft 

Δ X Average ± 7.1387 ft 

Δ Y Error 

Δ Y min ± 0.0194 ft 

Δ Y max ± 11.6042 ft 

Δ Y Average ± 3.8585 ft 

Only perforation shots from stages 12 to 18  
have picks on the vertical array 
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Boxwood 1H, Stage 16 – Perf #3 

{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  

6952 

7395 

7887 

8871 

8379 
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Boxwood 1H, Stage 16 – Perf #5 

{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  

6952 

7395 

7887 

8871 

8379 
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Final Velocity Model Table, 1B 
 Highlighted values are updated from the previous model 

Notes: 1 ; 2 ; 1 ; 2 ; 3 ; 1 ; and 2 are Tsvankin parameters & ; ; and  are Thomsen parameters. Only perforation shots with both P- and S-waves are used in model building 
and relocation. Grey is the treatment layer. 

Layer Formation Bottom depth 
(TVDSS ft) Symmetry VP (kft/s) VS (kft/s) 

1 2 1 2  3 1 2 

   

1 Overburden 6083 ISO 14.56 8.33 

2 BSPG1_SD 7273 ISO 15.84 9.58 

3 BSPG3_LM 7912 VTI 13.92 8.58 0.117 0.201 0.093 

4 BSPG3_SD 8295 ISO 14.22 8.72 

5 WFMP 8505 TRI 11.34 7.48 0.382 0.271 0.325 0.252 0.084 0.236 0.241 

6 WFMP B 8617 ISO 14.93 9.11 

7 WFMP B-M 8849 ISO 15.55 9.24 

8 WFMP D 8900 ISO 14.14 8.40 

9 WFMP D ∞ ISO 12.52 7.45 



Final Perforation Relocation Boxwood 1H – Stages 17 - 25 

250 ft 
250 ft 

Δ X Error 

Δ X min ± 0.0484 ft 

Δ X max ± 26.7845 ft 

Δ X Average ± 6.1881 ft 

Δ Y Error 

Δ Y min ± 0.0083 ft 

Δ Y max ± 19.0452 ft 

Δ Y Average ± 4.1849 ft 

Δ Z Error 

Δ Z min ± 0.0386 ft 

Δ Z max ± 18.9583 ft 

Δ Z Average ± 4.8126 ft 

Average Perf-Receiver 
Total Distance (ft.) 

Boxwood 1H - Stage # 17 18 19 20 21 22 23 24 25 

Boxwood 5PH – Vertical Array 1848.9 1693.1 1549.9 1420.4 1309.2 1223.7 1171.4 1147 1149.1 

Boxwood 3H – Horizontal Array Uphole 1418.6 1343 1299.3 1285.5 1303.9 1357.1 1441.4 1540.9 1652.4 

Boxwood 3H – Horizontal Array Downhole 2610.5 2784 2963.2 3144.9 3329.2 3517.2 3708.3 3897.8 4085.7 

Boxwood A16H – Horizontal Array 3606.5 3410.3 3213.8 3018.4 2823.9 2629.4 2434.8 2244.3 2060 

Boxwood A16H – Vertical Array 5640.4 5447.5 5254.1 5061.5 4869.4 4676.7 4484.1 4294.5 4107.4 

Plan View Depth View 



Final Perforation Relocation Boxwood 1H – Stages 26 - 33 

250 ft 

250 ft 

Average Perf-Receiver 
Total Distance (ft.) 

Boxwood 1H - Stage # 26 27 28 29 30 31 32 33 

Boxwood 5PH – Vertical Array 1190.2 1269.7 1383.1 1512.4 1653.4 1804 1965.1 2133.5 

Boxwood 3H – Horizontal Array Uphole 1782.8 1932.5 2095.9 2265 2436.5 2609.9 2787.1 2966.3 

Boxwood 3H – Horizontal Array Downhole 4276.1 4470.6 4667.8 4865.3 5061.9 5257.7 5454 5649.9 

Boxwood A16H – Horizontal Array 1877.5 1694.8 1512.7 1337.5 1174.7 1030 907.46 819.69 

Boxwood A16H – Vertical Array 3921.4 3734.2 3548.5 3363.6 3182.2 3005.5 2833.4 2668.5 

Δ X Error 

Δ X min ± 0.0484 ft 

Δ X max ± 26.7845 ft 

Δ X Average ± 6.1881 ft 

Δ Y Error 

Δ Y min ± 0.0083 ft 

Δ Y max ± 19.0452 ft 

Δ Y Average ± 4.1849 ft 

Plan View Depth View 

Δ Z Error 

Δ Z min ± 0.0386 ft 

Δ Z max ± 18.9583 ft 

Δ Z Average ± 4.8126 ft 
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Boxwood 1H, Stage 25 – Perf #11 

{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  

6952 

7395 

7887 

8871 

8379 
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Boxwood 1H, Stage 25 – Perf #12 

{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  

6952 

7395 

7887 

8871 

8379 



Boxwood 1H, Stage 05 – Shallow East 
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{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  

6952 
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8213 

7427 



Boxwood 1H, Stage 09 – Deep West 

25 

{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  
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Event Location HFTS2 Project – Boxwood 2H – Colored by Stage 
 Post-Processing – Multi-well + 2.5ms Misfit cut-off 

Total Events 
8,700 
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Event Location HFTS2 Project – Boxwood 2H – Colored by Stage – Heel 
 Post-Processing – Multi-well + 2.5ms Misfit cut-off 

Total Events 
8,700 
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Event Location HFTS2 Project – Boxwood 2H – Colored by Stage – Toe 
 Post-Processing – Multi-well + 2.5ms Misfit cut-off 

Total Events 
8,700 

Plan View 

250 ft 

Side View 
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Statistics 

Total Located Events 9,358 

Maximum Misfit 97.8660 ms 

Minimum Misfit 0.1817 ms 

Events with misfit below 2.5 ms 8,698 

Mean misfit below 2.5 ms 1.6001 ms 

Model Misfit Analysis Boxwood 2H – All Stages (01-30) 
 2.5ms Misfit cut-off + Multi-well only 
  40-level vertical array in 5PH, 14-level and 15-level horizontal arrays in 3H, & 14-level horizontal and 15-level vertical arrays in A16H  
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 MMisfit is the RMS difference between picked and computed 
arrivals. The events misfit distribution over 10 ms behaves randomly. This 
may be due to inaccurate picking in conjunction with low SNR causing 
model time to be very off from picked times. While we believe events 
below 10 ms and greater than 2.5 ms can be improved through re-picking 
and refining velocity model, we do not believe the true outliers that are 
above 10 ms or that have extremely high misfit can be improved via such 
methods. For such reason, here we are presenting three histograms; 
events below 2.5 ms, below 10 ms, and for all events. 
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Statistics 

Total Located Events 6,719 

Maximum Misfit 97.8660 ms 

Minimum Misfit 0.1817 ms 

Events with misfit below 2.5 ms 6,231 

Mean misfit below 2.5 ms 1.6001 ms 

Model Misfit Analysis Boxwood 2H – Heel Stages (13-30) 
 2.5ms Misfit cut-off + Multi-well only 
  40-level vertical array in 5PH, 14-level and 15-level horizontal arrays in 3H, & 14-level horizontal and 15-level vertical arrays in A16H  

 MMisfit is the RMS difference between picked and computed 
arrivals. The events misfit distribution over 10 ms behaves randomly. This 
may be due to inaccurate picking in conjunction with low SNR causing 
model time to be very off from picked times. While we believe events 
below 10 ms and greater than 2.5 ms can be improved through re-picking 
and refining velocity model, we do not believe the true outliers that are 
above 10 ms or that have extremely high misfit can be improved via such 
methods. For such reason, here we are presenting three histograms; 
events below 2.5 ms, below 10 ms, and for all events. 
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Statistics 

Total Located Events 2,639 

Maximum Misfit 79.8447 ms 

Minimum Misfit 0.2265 ms 

Events with misfit below 2.5 ms 2,467 

Mean misfit below 2.5 ms 1.598 ms 

Model Misfit Analysis Boxwood 2H – Toe Stages (01-12) 
 2.5ms Misfit cut-off + Multi-well only 
  40-level vertical array in 5PH, 14-level and 15-level horizontal arrays in 3H, & 14-level horizontal and 15-level vertical arrays in A16H  

 MMisfit is the RMS difference between picked and computed 
arrivals. The events misfit distribution over 10 ms behaves randomly. This 
may be due to inaccurate picking in conjunction with low SNR causing 
model time to be very off from picked times. While we believe events 
below 10 ms and greater than 2.5 ms can be improved through re-picking 
and refining velocity model, we do not believe the true outliers that are 
above 10 ms or that have extremely high misfit can be improved via such 
methods. For such reason, here we are presenting three histograms; 
events below 2.5 ms, below 10 ms, and for all events. 
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Boxwood 2H Final Velocity Model 

VM2B – VM2A Velocity Model 2B 
Velocity 

Model 2A 
BSPG1_SD 

BSPG3_LM 

BSPG3_SD 

WFMP 
WFMP B 

WFMP B-M 
WFMP D 

BSPG1_SD 

BSPG3_LM 

BSPG3_SD 

WFMP 
WFMP B 

WFMP B-M 
WFMP D 

5PH 
16H 

16H 
3H 3H 

5PH 
16H 

16H 
3H 3H 
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Final Velocity Model Table, 2A 
 Highlighted values are updated from the previous model 

Notes: 1 ; 2 ; 1 ; 2 ; 3 ; 1 ; and 2 are Tsvankin parameters & ; ; and  are Thomsen parameters. Only perforation shots with both P- and S-waves are used in model building 
and relocation. Grey is the treatment layer. 

Layer Formation Bottom depth 
(TVDSS ft) Symmetry VP (kft/s) VS (kft/s) 

1 2 1 2  3 1 2 

   

1 Overburden 6083 ISO 14.56 8.33 

2 BSPG1_SD 7273 ISO 15.61 9.49 

3 BSPG3_LM 7912 VTI 15.03 8.91 0.088 0.115 0.094 

4 BSPG3_SD 8295 ISO 15.35 9.18 

5 WFMP 8505 VTI 12.64 9.34 0.279 0.233 0.007 

6 WFMP B 8617 ISO 15.80 9.40 

7 WFMP B-M 8849 ISO 15.86 9.45 

8 WFMP D 8900 ISO 14.14 8.40 

9 WFMP D ∞ ISO 12.52 7.45 



Final Perforation Relocation Boxwood 2H – Stages 06 - 14 

Plan View Depth View 

250 ft 

250 ft 

Δ X Error 

Δ X min ± 0.0502 ft 

Δ X max ± 18.3756 ft 

Δ X Average ± 2.1251 ft 

Δ Y Error 

Δ Y min ± 0.0407 ft 

Δ Y max ± 1.2497 ft 

Δ Y Average ± 0.4416 ft 

Δ Z Error 

Δ Z min ± 0.0175 ft 

Δ Z max ± 74.9353 ft 

Δ Z Average ± 6.3103 ft 

Average Perf-Receiver 
Total Distance (ft.) 

Boxwood 2H - Stage # 06 07 08 09 10 11 12 13 14 

Boxwood 5PH – Vertical Array 3720.8 3537.2 3355 3173.4 2994.4 2761.2 2477.7 2204.4 1949.8 

Boxwood 3H – Horizontal Array Uphole 2702.9 2514 2325.9 2138.5 1952.8 1711.3 1418 1141 897.12 

Boxwood 3H – Horizontal Array Downhole 699.28 781.15 898.11 1037.7 1193.2 1413.4 1700.1 1998.3 2303.5 

Boxwood A16H – Horizontal Array 6200.2 6024.8 5850.3 5676.2 5503.6 5278.4 5001.4 4731.2 4471.1 

Boxwood A16H – Vertical Array 8108.8 7928.1 7748.1 7567.7 7388.7 7153.6 6863 6575.5 6294.5 

Only perforation shots from stages 13 and 14 
have picks on the vertical array 



Boxwood 2H, Stage 07 – Perf #1 

35 

{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

A16H Vertical Array  

A16H Horizontal Array  

5PH Vertical Array  

6952 

7395 

7887 

8871 

8379 
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Boxwood 2H, Stage 07 – Perf #2 

{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

A16H Vertical Array  

A16H Horizontal Array  

5PH Vertical Array  

6952 

7395 

7887 

8871 

8379 
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Final Velocity Model Table, 2B 
 Highlighted values are updated from the previous model 

Notes: 1 ; 2 ; 1 ; 2 ; 3 ; 1 ; and 2 are Tsvankin parameters & ; ; and  are Thomsen parameters. Only perforation shots with both P- and S-waves are used in model building 
and relocation. Grey is the treatment layer. 

Layer Formation Bottom depth 
(TVDSS ft) Symmetry VP (kft/s) VS (kft/s) 

1 2 1 2  3 1 2 

   

1 Overburden 6083 ISO 14.56 8.33 

2 BSPG1_SD 7273 ISO 15.61 9.49 

3 BSPG3_LM 7912 VTI 15.03 8.91 0.088 0.115 0.094 

4 BSPG3_SD 8295 ISO 15.35 9.18 

5 WFMP 8505 VTI 12.64 9.34 0.279 0.233 0.007 

6 WFMP B 8617 ISO 15.80 9.40 

7 WFMP B-M 8849 TRI 15.86 9.45 -0.005 0.044 0.051 0.079 -0.056 -0.023 0.000 

8 WFMP D 8900 ISO 14.14 8.40 

9 WFMP D ∞ ISO 12.52 7.45 



Final Perforation Relocation Boxwood 2H – Stages 13 - 21 

Plan View Depth View 

250 ft 250 ft 

Average Perf-Receiver 
Total Distance (ft.) 

Boxwood 2H - Stage # 13 14 15 16 17 18 19 20 21 

Boxwood 5PH – Vertical Array 2204.4 1949.8 1718.5 1522.5 1403.7 1335 1281.9 1256 1262.1 

Boxwood 3H – Horizontal Array Uphole 1141 897.12 717.83 660.15 714.52 797.37 919.7 1063.8 1221.2 

Boxwood 3H – Horizontal Array Downhole 1998.3 2303.5 2613.2 2925.7 3160.8 3335.2 3527 3719.1 3911.3 

Boxwood A16H – Horizontal Array 4731.2 4471.1 4220.3 3982.1 3811.1 3686.5 3554.4 3427.5 3306.3 

Boxwood A16H – Vertical Array 6575.5 6294.5 6018.2 5748.5 5548.9 5401.3 5240.5 5081.2 4925 

Δ X Error 

Δ X min ± 0.0378 ft 

Δ X max ± 16.4657 ft 

Δ X Average ± 4.8671 ft 

Δ Y Error 

Δ Y min ± 0.0673 ft 

Δ Y max ± 21.3212 ft 

Δ Y Average ± 5.6888 ft 

Δ Z Error 

Δ Z min ± 0.0693 ft 

Δ Z max ± 41.4692 ft 

Δ Z Average ± 5.8851 ft 



Final Perforation Relocation Boxwood 2H – Stages 22 - 30 

Average Perf-Receiver 
Total Distance (ft.) 

Boxwood 1H - Stage # 22 23 24 25 26 27 28 29 30 

Boxwood 5PH – Vertical Array 1297.9 1361.8 1452.3 1601.2 1818.2 1950.9 2089.1 2349.2 2551.3 

Boxwood 3H – Horizontal Array Uphole 1389.3 1564.7 1745.7 1988.6 2294.4 2467.7 2640.8 2950.4 3178.1 

Boxwood 3H – Horizontal Array Downhole 4104.1 4297.5 4491.6 4747.6 5065.7 5244.6 5422.8 5740 5978 

Boxwood A16H – Horizontal Array 3193.7 3090.9 3000.7 2898.4 2796.8 2752.6 2716.4 2679.2 2675.7 

Boxwood A16H – Vertical Array 4772 4622.9 4479.9 4298.5 4082 3964.3 3849.4 3657.6 3523.8 

250 ft 250 ft 

Plan View Depth View 

Δ X Error 

Δ X min ± 0.0378 ft 

Δ X max ± 16.4657 ft 

Δ X Average ± 4.8671 ft 

Δ Y Error 

Δ Y min ± 0.0673 ft 

Δ Y max ± 21.3212 ft 

Δ Y Average ± 5.6888 ft 

Δ Z Error 

Δ Z min ± 0.0693 ft 

Δ Z max ± 41.4692 ft 

Δ Z Average ± 5.8851 ft 
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Boxwood 2H, Stage 21 – Perf #1 

{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

A16H Vertical Array  

A16H Horizontal Array  

5PH Vertical Array  

6952 

7395 

7887 

8871 

8379 
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Boxwood 2H, Stage 21 – Perf #2 

{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

A16H Vertical Array  

A16H Horizontal Array  

5PH Vertical Array  

6952 

7395 

7887 

8871 

8379 



Boxwood 2H, Stage 09 – Shallow East 
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{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  

6952 

7395 

7887 

8871 

8379 

7034 

8213 

7427 



Boxwood 2H, Stage 12 – Deep West 
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{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  

6952 

7395 

7887 

8871 

8379 

7034 

8213 

7427 



Boxwood 2H, Stage 18 – Deep West 
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{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  

6952 

7395 

7887 

8871 

8379 

7034 

8213 

7427 



Boxwood 2H, Stage 16 – Shallow East 
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{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  

6952 

7395 

7887 

8871 

8379 

7034 

8213 

7427 



Boxwood 2H, Stage 26 – Deep West 

46 

{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  

6952 

7395 

7887 

8871 

8379 

7034 

8213 

7427 



Boxwood 2H, Stage 28 – Deep East 

47 

{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  

6952 

7395 

7887 

8871 

8379 

7034 

8213 

7427 



Event Location HFTS2 Project – Boxwood 4H – Colored by Stage 
 Post-Processing – Multi-well only + 2.5ms Misfit cut-off 

Total Events 
15,226 

Plan View 

250 ft 

Barrel View 

250 ft 

250 ft 

N 

E 

E 
N 

16H 

1H 4H 
3H 

2H 

5PH 

16H 1H 4H 3H 2H 
5PH 

16H 

1H 

4H 

3H 

2H 

N 
E 

BSPG3 LM 

BSPG3 SD 

WFMP Delta 

WFMP B 

WFMP 

WFMP B-M 

Side View 
5PH 

Bitterroot 

Bitterroot 
1H Bitterroot 

2H 

Bitterroot 
1H 

Bitterroot 2H 



Event Location HFTS2 Project – Boxwood 4H – Colored by Stage – Heel 
 Post-Processing – Multi-well only + 2.5ms Misfit cut-off 

Total Events 
15,226 

Plan View 

250 ft 

Barrel View 

250 ft 

250 ft 

N 

E 

E 
N 

16H 

1H 4H 
3H 

2H 

5PH 

16H 1H 4H 3H 2H 
5PH 

16H 

1H 

4H 

3H 

2H 

N 
E 

BSPG3 LM 

BSPG3 SD 

WFMP Delta 

WFMP B 

WFMP 

WFMP B-M 

Side View 
5PH 

Bitterroot 

Bitterroot 
1H Bitterroot 

2H 

Bitterroot 
1H 

Bitterroot 2H 



Event Location HFTS2 Project – Boxwood 4H – Colored by Stage – Toe 
 Post-Processing – Multi-well only + 2.5ms Misfit cut-off 

Total Events 
15,226 

Plan View 

250 ft 

Barrel View 

250 ft 

250 ft 

N 

E 

E 
N 

16H 

1H 4H 
3H 

2H 

5PH 

16H 1H 4H 3H 2H 
5PH 

16H 

1H 

4H 

3H 

2H 

N 
E 

BSPG3 LM 

BSPG3 SD 

WFMP Delta 

WFMP B 

WFMP 

WFMP B-M 

Side View 
5PH 

Bitterroot 

Bitterroot 
1H Bitterroot 

2H 

Bitterroot 
1H 

Bitterroot 2H 
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Statistics 

Total Located Events 17,075 

Maximum Misfit 84.0231 ms 

Minimum Misfit 0.1181 ms 

Events with misfit below 2.5 ms 15,226 

Mean misfit below 2.5 ms 1.5330 ms 

Model Misfit Analysis Boxwood 4H – All Stages (01-26) 
 2.5ms Misfit cut-off + Multi-well only 
  40-level vertical array in 5PH, 14-level and 15-level horizontal arrays in 3H, & 14-level horizontal and 15-level vertical arrays in A16H  
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 MMisfit is the RMS difference between picked and computed 
arrivals. The events misfit distribution over 10 ms behaves randomly. This 
may be due to inaccurate picking in conjunction with low SNR causing 
model time to be very off from picked times. While we believe events 
below 10 ms and greater than 2.5 ms can be improved through re-picking 
and refining velocity model, we do not believe the true outliers that are 
above 10 ms or that have extremely high misfit can be improved via such 
methods. For such reason, here we are presenting three histograms; 
events below 2.5 ms, below 10 ms, and for all events. 
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Statistics 

Total Located Events 15,537 

Maximum Misfit 84.0231 ms 

Minimum Misfit 0.1181 ms 

Events with misfit below 2.5 ms 13,827 

Mean misfit below 2.5 ms 1.5330 ms 

Model Misfit Analysis Boxwood 4H – Heel Stages (10-26) 
 2.5ms Misfit cut-off + Multi-well only 
  40-level vertical array in 5PH, 14-level and 15-level horizontal arrays in 3H, & 14-level horizontal and 15-level vertical arrays in A16H  

 MMisfit is the RMS difference between picked and computed 
arrivals. The events misfit distribution over 10 ms behaves randomly. This 
may be due to inaccurate picking in conjunction with low SNR causing 
model time to be very off from picked times. While we believe events 
below 10 ms and greater than 2.5 ms can be improved through re-picking 
and refining velocity model, we do not believe the true outliers that are 
above 10 ms or that have extremely high misfit can be improved via such 
methods. For such reason, here we are presenting three histograms; 
events below 2.5 ms, below 10 ms, and for all events. 
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Statistics 

Total Located Events 1,538 

Maximum Misfit 45.4971 ms 

Minimum Misfit 0.2737 ms 

Events with misfit below 2.5 ms 1,399 

Mean misfit below 2.5 ms 1.5616 ms 

Model Misfit Analysis Boxwood 4H – Toe Stages (01-09) 
 2.5ms Misfit cut-off + Multi-well only 
  40-level vertical array in 5PH, 14-level and 15-level horizontal arrays in 3H, & 14-level horizontal and 15-level vertical arrays in A16H  

 MMisfit is the RMS difference between picked and computed 
arrivals. The events misfit distribution over 10 ms behaves randomly. This 
may be due to inaccurate picking in conjunction with low SNR causing 
model time to be very off from picked times. While we believe events 
below 10 ms and greater than 2.5 ms can be improved through re-picking 
and refining velocity model, we do not believe the true outliers that are 
above 10 ms or that have extremely high misfit can be improved via such 
methods. For such reason, here we are presenting three histograms; 
events below 2.5 ms, below 10 ms, and for all events. 
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Boxwood 4H Final Velocity Model 

VM3B – VM3A Velocity Model 3B 
Velocity 

Model 3A 
BSPG1_SD 

BSPG3_LM 

BSPG3_SD 

WFMP 
WFMP B 

WFMP B-M 
WFMP D 

BSPG1_SD 

BSPG3_LM 

BSPG3_SD 

WFMP 
WFMP B 

WFMP B-M 
WFMP D 

5PH 
16H 

16H 
3H 3H 

5PH 
16H 

16H 
3H 3H 
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Final Velocity Model Table, 3A 
 Highlighted values are updated from the previous model 

Notes: 1 ; 2 ; 1 ; 2 ; 3 ; 1 ; and 2 are Tsvankin parameters & ; ; and  are Thomsen parameters. Only perforation shots with both P- and S-waves are used in model building 
and relocation. Grey is the treatment layer. 

Layer Formation Bottom depth 
(TVDSS ft) Symmetry VP (kft/s) VS (kft/s) 

1 2 1 2  3 1 2 

   

1 Overburden 6083 ISO 14.56 8.33 

2 BSPG1_SD 7273 ISO 15.87 9.67 

3 BSPG3_LM 7912 VTI 14.81 8.53 0.126 0.089 0.167 

4 BSPG3_SD 8295 ISO 15.31 9.12 

5 WFMP 8505 ORT 11.81 9.23 0.376 0.403 0.430 0.446 -0.057 -0.029 -0.037 

6 WFMP B 8617 ISO 15.92 9.44 

7 WFMP B-M 8849 ORT 15.75 9.44 -0.001 -0.009 -0.048 -0.037 -0.020 -0.010 -0.008 

8 WFMP D 8900 ISO 14.14 8.40 

9 WFMP D ∞ ISO 12.52 7.45 



Final Perforation Relocation Boxwood 4H – Stages 01 – 11 

Plan View Depth View 

250 ft 250 ft 

Δ X Error 

Δ X min ± 0.3033 ft 

Δ X max ± 38.6462 ft 

Δ X Average ± 13.2065 ft 

Δ Y Error 

Δ Y min ± 0.0304 ft 

Δ Y max ± 15.6994 ft 

Δ Y Average ± 5.2342 ft 

Δ Z Error 

Δ Z min ± 2.5750 ft 

Δ Z max ± 131.8802 ft 

Δ Z Average ± 34.5553 ft 

Average Perf-Receiver 
Total Distance (ft.) 

Boxwood 4H - Stage # 01 02 03 04 05 06 07 08 09 10 11 

Boxwood 5PH – Vertical Array 4570.2 4345.4 4100.7 3874.3 3648 3422.5 3198.5 2970.8 2745.8 2519.9 2295.7 

Boxwood 3H – Horizontal Array Uphole 3711.4 3487 3245.5 3022.7 2800.3 2578.1 2358.1 2136.6 1920.6 1706 1496.6 

Boxwood 3H – Horizontal Array Downhole 1079.8 912.41 776.86 711.73 713.04 780 900.46 1064 1250.4 1451.5 1660.3 

Boxwood A16H – Horizontal Array 6752.7 6533.2 6292.2 6067 5844 5622.9 5403.8 5179.2 4955.8 4731.1 4507.9 

Boxwood A16H – Vertical Array 8723.8 8504.4 8263.1 8038.3 7814.9 7593.6 7373.9 7148.9 6925 6699.7 6475.6 

Only perforation shots from stages 10 and 11 
have picks on the vertical array 



Boxwood 4H, Stage 05 – Perf #1 

57 

{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  

6952 

7395 

7887 

8871 

8379 
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Boxwood 4H, Stage 05 – Perf #4 

{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  

6952 

7395 

7887 

8871 

8379 
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Final Velocity Model Table, 3B 
 Highlighted values are updated from the previous model 

Notes: 1 ; 2 ; 1 ; 2 ; 3 ; 1 ; and 2 are Tsvankin parameters & ; ; and  are Thomsen parameters. Only perforation shots with both P- and S-waves are used in model building 
and relocation. Grey is the treatment layer. 

Layer Formation Bottom depth 
(TVDSS ft) Symmetry VP (kft/s) VS (kft/s) 

1 2 1 2  3 1 2 

   

1 Overburden 6083 ISO 14.56 8.33 

2 BSPG1_SD 7273 ISO 16.00 9.75 

3 BSPG3_LM 7912 VTI 14.89 8.42 0.129 0.049 0.190 

4 BSPG3_SD 8295 ISO 15.17 9.06 

5 WFMP 8505 ORT 11.89 9.24 0.365 0.389 0.394 0.397 -0.034 -0.014 -0.020 

6 WFMP B 8617 ISO 16.01 9.46 

7 WFMP B-M 8849 TRI 15.30 9.49 0.043 0.052 0.084 0.098 -0.072 -0.054 -0.044 

8 WFMP D 8900 ISO 14.14 8.40 

9 WFMP D ∞ ISO 12.52 7.45 



Final Perforation Relocation Boxwood 4H – Stages 10 - 20 

250 ft 
250 ft 

Δ X Error 

Δ X min ± 0.0168 ft 

Δ X max ± 33.6555 ft 

Δ X Average ± 6.3858 ft 

Δ Y Error 

Δ Y min ± 0.0128 ft 

Δ Y max ± 23.8918 ft 

Δ Y Average ± 5.4891 ft 

Δ Z Error 

Δ Z min ± 0.0386 ft 

Δ Z max ± 27.1665 ft 

Δ Z Average ± 3.9033 ft 

Average Perf-Receiver 
Total Distance (ft.) 

Boxwood 4H - Stage # 10 11 12 13 14 15 16 17 18 19 20 

Boxwood 5PH – Vertical Array 2519.9 2295.7 2049.6 1825.5 1684.4 1550.8 1330.8 1141.1 965.09 865.55 745.87 

Boxwood 3H – Horizontal Array Uphole 1706 1496.6 1275 1084.7 973.15 879.4 755.44 707.32 739.2 794.29 908.89 

Boxwood 3H – Horizontal Array Downhole 1451.5 1660.3 1898.9 2122.5 2266.4 2406.7 2646.6 2868.1 3094.5 3241.3 3453.1 

Boxwood A16H – Horizontal Array 4731.1 4507.9 4261.6 4036.5 3894.2 3757.1 3525.4 3315 3102.8 2967 2776.6 

Boxwood A16H – Vertical Array 6699.7 6475.6 6227.7 6000.4 5856.2 5717 5782 5267.4 5049 4908.6 4707.7 

Plan View Depth View 



Final Perforation Relocation Boxwood 4H – Stages 21 - 26 

Average Perf-Receiver 
Total Distance (ft.) 

Boxwood 4H - Stage # 21 22 23 24 25 26 

Boxwood 5PH – Vertical Array 654.95 758.36 995.95 1283.3 1575.2 1888.6 

Boxwood 3H – Horizontal Array Uphole 1153.6 1451.4 1780.3 2109.2 2428 2754.8 

Boxwood 3H – Horizontal Array Downhole 3803.9 4156.3 4517.5 4864.5 5194.8 5532.4 

Boxwood A16H – Horizontal Array 2480.8 2197.2 1930.9 1702 1530.6 1427.2 

Boxwood A16H – Vertical Array 4383.3 4063.1 3742.1 3439 3156.9 2887.5 

250 ft 
250 ft 

Plan View Depth View Δ X Error 

Δ X min ± 0.0168 ft 

Δ X max ± 33.6555 ft 

Δ X Average ± 6.3858 ft 

Δ Y Error 

Δ Y min ± 0.0128 ft 

Δ Y max ± 23.8918 ft 

Δ Y Average ± 5.4891 ft 

Δ Z Error 

Δ Z min ± 0.0386 ft 

Δ Z max ± 27.1665 ft 

Δ Z Average ± 3.9033 ft 



Boxwood 4H, Stage 18 – Perf #1 

62 

{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  

6952 

7395 

7887 

8871 

8379 



Boxwood 4H, Stage 18 – Perf #6 

63 

{ H1, H2, V } 
 

(+) P-wave picks 
 

(×) S-wave picks 
(--) Working model 
 

3H Horizontal Array Up-hole  

3H Horizontal Array Down-hole  

5PH Vertical Array  

A16H Vertical Array  

A16H Horizontal Array  

6952 

7395 

7887 

8871 

8379 
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