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Figure 7.2-1 As-built construction diagram for well CrEX-1 
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Figure 8.3-1a As-built schematic for well CrEX-1 
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Figure 8.3-1b Technical notes for well CrEX-1 
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Figure 8.3-1c Pump performance curve 
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Table 6.0-1 
Logging Runs 

Date(s) Type of Log Depth (ft bgs) Description 

7/30/14 Video 0–750 LANL video from ground surface to 750 ft bgs. 
Attempted to observe lost circulation zone, 
thought to be above water table. However, muddy 
water remained in the borehole at 750 ft bgs, and 
survey was stopped before reaching the depth of 
interest. 

8/6/14–8/7/14 APS 200–1208 Schlumberger geophysical log 

8/6/14–8/7/14 Natural gamma/HNGS* 200–1208 Schlumberger geophysical log 

8/6/14–8/7/14 Litho scanner 200–1180 Schlumberger geophysical log 

8/6/14–8/7/14 Array induction tool 200–1180 Schlumberger geophysical log 

8/6/14–8/7/14 Microcylindrically focused 
log 

816–1211 Schlumberger geophysical log 

8/6/14–8/7/14 MR scanner 858–1196 Schlumberger geophysical log 

8/6/14–8/7/14 Fullbore formation 
microimager 

840–1210 Schlumberger geophysical log 

9/24/14 Video 0–1111 LANL video to confirm well screen placement and 
condition and water level 

9/24/14 Gamma log 945–1112 LANL gamma log to confirm position of bentonite 
backfill and sand pack materials 

*HNGS = Hostile natural gamma spectroscopy. 

 

Table 7.2-1 
CrEX-1 Annular Fill Materials 

Material Volume (ft3) 

Surface seal: 92% Portland cement, 8% bentonite 90.0 

Upper seal: 0.375-in. bentonite chips 1253.2 

Upper screen transition sand collar: 20/40 silica sand 14.0 

Upper screen primary filter pack sand: 10/20 silica sand 46.5 

Separating seal: 0.375-in. bentonite chips 8.8 

Lower screen transition sand collar: 20/40 silica sand 4.5 

Lower screen primary filter pack sand: 10/20 silica sand 23.0 

Lower seal: 0.375-in. bentonite chips 83.0 
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Table 8.1-1 
Field Water-Quality Parameters and Well Performance for Development of Well CrEX-1 

Status Screen Time 

Pumping 
Rate 

(gpm) 
Depth to Water 

(ft bgs) 
Draw Down 

(ft) 

Cumulative 
Purge Volume 

(gal.) pH 

Specific 
Capacity 
(gpm/ft)  

Turbidity 
(NTU) 

Temp 
(°C) 

9/19/14 

On 1 & 2 9:45 n/aa 990.63 n/a 0 n/a n/a n/a n/a 

  9:50 150 1012.13 21.5 920 nab 6.98 29.9 21.5 

  9:55 150 1012.63 22 1260 na 6.82 10.72 22 

  10:00 150 1012.43 21.8 920 na 6.88 9.32 21.8 

  10:15 150.4 1012.03 21.4 4,240 na 7.03 6.92 21.4 

  10:30 142.6 1012.93 22.3 6380 na 6.39 4.16 22.3 

  11:00 143 1012.83 22.2 10,670 na 6.44 3.43 22.4 

  11:30 148 1013.03 22.4 15,110 na 6.61 0.39 22.4 

Off 1 & 2 12:00 135 1012.83 22.2 19,180 na 6.08 0.92 22.2 

9/22/14 

On 1 & 2 10:15 n/a 989.66 0.00 54,880 n/a n/a n/a n/a 

  10:30 na 1009.56 19.90 57,060 7.22 0 1.18 19.15 

  10:45 147.33 1009.69 20.03 61,450 7.3 7.36 1.25 19.17 

  11:00 146 1009.72 20.06 68,030 7.35 7.28 0 19.46 

  11:15 147 1009.8 20.14 69,210 7.36 7.30 0 19.68 

  11:30 149 1009.82 20.16 70,320 7.37 7.39 0.03 19.28 

  11:45 148 1009.83 20.17 71,640 7.38 7.34 0.02 19.45 

  12:00 138 1009.82 20.16 73,180 7.39 6.85 0.02 19.24 

  12:15 158 1009.76 20.10 74,950 7.41 7.86 0.02 19.38 

  12:30 149.33 1009.76 20.10 76,940 7.4 7.43 0.03 19.28 

  13:05 147.42 1009.74 20.08 79,450 7.42 7.34 0.04 19.27 

  13:30 148.8 1009.82 20.16 82,340 7.46 7.38 0.03 19.32 
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Table 8.1-1 (continued) 

Status Screen Time 

Pumping 
Rate 

(gpm) 
Depth to Water 

(ft bgs) 
Draw Down 

(ft) 

Cumulative 
Purge Volume 

(gal.) pH 

Specific 
Capacity 
(gpm/ft)  

Turbidity 
(NTU) 

Temp 
(°C) 

  14:00 147.67 1009.74 20.08 85,660 4.46 7.35 0.03 19.3 

  14:30 148.33 1009.77 20.11 89,430 7.45 7.38 0.02 19.31 

  15:00 148 1009.81 20.15 93,650 7.46 7.34 0.02 19.3 

  15:30 147.33 1009.81 20.15 101,450 7.46 7.31 0.02 19.31 

Off 1 & 2 16:00 148.33 1009.81 20.15 105,900 7.46 7.36 0.02 19.3 

9/28/14 

On 1 8:45 n/a 986.83 0 116,180 n/a n/a n/a n/a 

  9:00 100 1008.28 21.45 117,770 7.19 4.66 19.6 18.99 

  9:15 100 1006.43 19.6 119,120 7.28 5.10 2.26 19.35 

  9:32 94.68 1007.28 20.45 120,590 7.33 4.63 1.01 19.38 

  9:45 101.54 1007.43 20.6 121,910 7.35 4.93 0.3 19.12 

  10:00 94 1007.58 20.75 123,320 7.36 4.53 na 19.25 

  10:15 93.33 1007.63 20.8 124,720 7.37 4.49 na 19.49 

  10:30 94 1007.68 20.85 126,130 7.38 4.51 na 19.21 

Off 1 10:45 94.67 1007.73 20.9 127,550 7.38 4.53 na 19.18 

On 1 11:00 n/a 986.83 0 127,590 n/a n/a n/a n/a 

  11:15 86.67 1006.58 19.75 128,890 7.41 4.39 0.75 19.21 

  11:30 95.33 1006.73 19.9 130,320 7.39 4.79 na 19.22 

  11:45 96.67 1006.83 20 131,770 7.4 4.83 na 19.5 

  12:00 97.33 1006.83 20 133,230 7.4 4.87 na 19.64 

  12:15 96.67 1006.83 20 134,680 7.44 4.83 na 19.4 

  12:31 95 1006.83 20 136,200 7.46 4.75 na 19.55 

Off 1 13:00 100 1006.83 20 137,600 7.44 5.00 na 19.53 



 

 

C
rE

X
-1 W

ell C
om

pletion R
ep

ort 

26
 

Table 8.1-1 (continued) 

Status Screen Time 

Pumping 
Rate 

(gpm) 
Depth to Water 

(ft bgs) 
Draw Down 

(ft) 

Cumulative 
Purge Volume 

(gal.) pH 

Specific 
Capacity 
(gpm/ft)  

Turbidity 
(NTU) 

Temp 
(°C) 

On 1 13:30 n/a 986.83 0 137,720 n/a n/a n/a n/a 

  13:45 76 986.83 0 138,860 na na 3.35 na 

  14:00 86 986.83 0 140,160 na na 0.85 na 

  14:15 73 986.83 0 141,260 na na na na 

  14:30 66 997.73 10.9 142,250 na 6.06 na na 

  14:45 65 997.73 10.9 143,230 na 5.96 na na 

  15:00 64 997.63 10.8 144,200 na 5.93 na na 

  15:15 64 997.73 10.9 145,170 na 5.87 na na 

  15:30 65 997.73 10.9 146,150 na 5.96 na na 

  15:45 64 997.73 10.9 147,120 na 5.87 na na 

  16:00 65 997.73 10.9 148,100 na 5.96 na na 

  16:15 64 997.73 10.9 149,070 na 5.87 na na 

Off 1 16:30 65 997.73 10.9 150,050 na 5.96 na na 

9/29/14 

On 1 9:30 n/a 986.8 0 150,080 n/a n/a n/a n/a 

  9:45 80 1003.8 17 151,280 na 4.71 na na 

  10:00 95 1004.1 17.3 152,710 na 5.49 na na 

  10:15 95 1004.3 17.5 154,140 na 5.43 na na 

  10:30 95 1004.3 17.5 155,570 na 5.43 na na 

  10:45 95 1004.3 17.5 157,000 na 5.43 na na 

  11:00 95 1004.3 17.5 158,430 na 5.43 na na 

  11:15 95 1004.3 17.5 159,860 na 5.43 na na 

  11:30 95 1004.4 17.6 161,290 na 5.40 na na 

  12:00 95 1004.5 17.7 164,160 na 5.37 na na 

  12:30 95 1004.5 17.7 167,030 na 5.37 na na 

  13:00 95 1004.5 17.7 169,900 na 5.37 na na 
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Table 8.1-1 (continued) 

Status Screen Time 

Pumping 
Rate 

(gpm) 
Depth to Water 

(ft bgs) 
Draw Down 

(ft) 

Cumulative 
Purge Volume 

(gal.) pH 

Specific 
Capacity 
(gpm/ft)  

Turbidity 
(NTU) 

Temp 
(°C) 

Off 1 13:30 95 1004.4 17.6 172,750 na 5.40 na na 

Off 1 15:30 0 985.8 0 174,410 na na na na 

On 1 15:40 82 1016.8 31 175,230 na 2.65 na na 

  15:50 143 1017 31.2 176,660 na 4.58 na na 

Off 1 16:00 n/a n/a n/a 178,090 na na na na 

Note: Cumulative purge volumes on September 19 are biased low because of clogging of the flow meter from high initial sediment load in water. 
a n/a = Not applicable. 
b na = Not available. 
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Table 8.2-1 
Aquifer Pumping Test Results for Well CrEX-1 

Status Screen Time 
Pumping Rate 

(gpm) 

Depth to 
Water 

(ft bgs) 

Draw 
Down 

(ft) 

Purge 
Volume 

(gal.) 

Cumulative 
Purge 

Volume 
(gal.) 

Specific 
Capacity 
(gpm/ft)  

Step Test         

10/1/14         
On at 20% max 1 8:15 19 997.08 0 0 0 naa 

  8:20 19 1003.33 6.25 20 20 3.04 

  8:25 16 1002.33 5.25 80 100 3.05 

  8:30 20 1000.53 3.45 100 200 5.80 

  8:35 18 1000.73 3.65 90 290 4.93 

  8:40 20 1000.73 3.65 100 390 5.48 

  8:45 26 1000.73 3.65 130 520 7.12 

  8:50 16 1000.73 3.65 80 600 4.38 

  8:55 22 1000.73 3.65 110 710 6.03 

  9:00 20 1000.63 3.55 100 810 5.63 

  9:05 22 1000.73 3.65 110 920 6.03 

  9:10 22 1000.73 3.65 110 1030 6.03 

  9:15 22 1000.73 3.65 110 1140 6.03 

  9:25 22 1000.63 3.55 220 1360 6.20 

  9:35 23 1000.63 3.55 230 1590 6.48 

  9:45 21 1000.73 3.65 210 1800 5.75 

  9:55 20 1000.73 3.65 200 2000 5.48 

  10:05 21 1000.73 3.65 210 2210 5.75 

  10:15 20 1000.73 3.65 200 2410 5.48 
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Table 8.2-1 (continued) 

Status Screen Time 
Pumping Rate 

(gpm) 

Depth to 
Water 

(ft bgs) 

Draw 
Down 

(ft) 

Purge 
Volume 

(gal.) 

Cumulative 
Purge 

Volume 
(gal.) 

Specific 
Capacity 
(gpm/ft)  

Change rate to 40% max 1 10:20 na 1003.03 5.95 190 2600 na 

    10:25 36 1002.93 5.85 180 2780 6.15 

    10:30 36 1002.93 5.85 180 2960 6.15 

    10:35 38 1002.88 5.8 190 3150 6.55 

    10:40 36 1002.83 5.75 180 3330 6.26 

    10:45 36 1002.83 5.75 180 3510 6.26 

    10:50 38 1002.83 5.75 190 3700 6.61 

    10:55 36 1002.78 5.7 180 3880 6.32 

    11:00 36 1002.78 5.7 180 4060 6.32 

    11:05 36 1002.78 5.7 180 4240 6.32 

    11:10 38 1002.78 5.7 190 4430 6.67 

    11:15 36 1002.83 5.75 180 4610 6.26 

    11:20 36 1002.78 5.7 180 4790 6.32 

    11:30 37 1002.78 5.7 370 5160 6.49 

    11:40 36 1002.78 5.7 360 5520 6.32 

    11:50 37 1002.78 5.7 370 5890 6.49 

    12:00 37 1002.78 5.7 370 6260 6.49 

    12:10 36 1002.78 5.7 360 6620 6.32 

    12:20 37 1002.78 5.7 370 6990 6.49 
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Table 8.2-1 (continued) 

Status Screen Time 
Pumping Rate 

(gpm) 

Depth to 
Water 

(ft bgs) 

Draw 
Down 

(ft) 

Purge 
Volume 

(gal.) 

Cumulative 
Purge 

Volume 
(gal.) 

Specific 
Capacity 
(gpm/ft)  

Change rate to 60% max 1 12:25 57 1007.33 10.25 290 7280 5.56 

    12:30 62 1007.33 10.25 310 7590 6.05 

    12:35 60 1007.33 10.25 300 7890 5.85 

    12:40 60 1007.33 10.25 300 8190 5.85 

    12:45 60 1007.33 10.25 300 8490 5.85 

    12:50 60 1007.38 10.3 300 8790 5.83 

    12:55 60 1007.38 10.3 300 9090 5.83 

    13:00 62 1007.43 10.35 310 9400 5.99 

    13:05 62 1007.43 10.35 310 9710 5.99 

    13:10 58 1007.43 10.35 290 10,000 5.60 

    13:15 60 1007.43 10.35 300 10,300 5.80 

    13:20 60 1007.43 10.35 300 10,600 5.80 

    13:25 62 1007.43 10.35 310 10,910 5.99 

    13:35 60 1007.43 10.35 600 11,510 5.80 

    13:45 60 1007.43 10.35 600 12,110 5.80 

    13:55 61 1007.43 10.35 610 12,720 5.89 

    14:05 60 1007.43 10.35 600 13,320 5.80 

    14:15 67 1007.43 10.35 670 13,990 6.47 

    14:25 55 1007.43 10.35 550 14,540 5.31 
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Table 8.2-1 (continued) 

Status Screen Time 
Pumping Rate 

(gpm) 

Depth to 
Water 

(ft bgs) 

Draw 
Down 

(ft) 

Purge 
Volume 

(gal.) 

Cumulative 
Purge 

Volume 
(gal.) 

Specific 
Capacity 
(gpm/ft)  

Change rate to 80% max 1 14:30 naa 1008.13 11.05 360 14,900 na 

    14:35 74 1008.23 11.15 370 15,270 6.64 

    14:40 74 1008.23 11.15 370 15,640 6.64 

    14:45 74 1008.33 11.25 370 16,010 6.58 

    14:50 74 1008.33 11.25 370 16,380 6.58 

    14:55 74 1008.33 11.25 370 16,750 6.58 

    15:00 74 1008.33 11.25 370 17,120 6.58 

    15:05 76 1008.33 11.25 380 17,500 6.76 

    15:10 74 1008.38 11.3 370 17,870 6.55 

    15:20 74 1008.38 11.3 380 18,250 6.55 

    15:25 76 1008.38 11.3 750 19,000 6.73 

    15:30 74 1008.38 11.3 370 19,370 6.55 

    15:40 76 1008.38 11.3 760 20,130 6.73 

    15:50 75 1008.38 11.3 750 20,880 6.64 

    16:00 75 1008.43 11.35 750 21,630 6.61 

    16:10 76 1008.43 11.35 760 22,390 6.70 

    16:20 75 1008.43 11.35 750 23,140 6.61 

    16:30 76 1008.43 11.35 760 23,900 6.70 
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Table 8.2-1 (continued) 

Status Screen Time 
Pumping Rate 

(gpm) 

Depth to 
Water 

(ft bgs) 

Draw 
Down 

(ft) 

Purge 
Volume 

(gal.) 

Cumulative 
Purge 

Volume 
(gal.) 

Specific 
Capacity 
(gpm/ft)  

Change rate to 100% max 1 16:35 na 1013.23 16.15 470 24,370 na 

    16:40 96 1013.23 16.15 480 24,850 5.94 

    16:45 96 1013.23 16.15 480 25,330 5.94 

    16:50 94 1013.23 16.15 470 25,800 5.82 

    16:55 98 1013.23 16.15 490 26,290 6.07 

    17:00 96 1013.23 16.15 480 26,770 5.94 

    17:05 96 1013.23 16.15 480 27,250 5.94 

    17:10 96 1013.23 16.15 480 27,730 5.94 

    17:15 98 1013.23 16.15 490 28,220 6.07 

    17:20 96 1013.23 16.15 480 28,700 5.94 

    17:25 98 1013.23 16.15 490 29,190 6.07 

    17:30 94 1013.23 16.15 470 29,660 5.82 

    17:35 96 1013.23 16.15 480 30,140 5.94 

    17:45 96 1013.23 16.15 960 31,100 5.94 

    17:55 96 1013.23 16.15 960 32,060 5.94 

    18:05 96 1013.23 16.15 960 33,020 5.94 

    18:15 96 1013.23 16.15 960 33,980 5.94 

    18:25 96 1013.23 16.15 960 34,940 5.94 

Off 1 18:35 97 1013.23 16.15 970 35,910 6.01 
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Table 8.2-1 (continued) 

Status Screen Time 
Pumping Rate 

(gpm) 

Depth to 
Water 

(ft bgs) 

Draw 
Down 

(ft) 

Purge 
Volume 

(gal.) 

Cumulative 
Purge 

Volume 
(gal.) 

Specific 
Capacity 
(gpm/ft)  

24-h Constant Rate Test         

10/3/14         
On 1 8:05 0 997.33 0 10 35,920 na 

    8:08 Water to surface n/ab n/a n/a n/a n/a 

    8:10 40 1016.9 19.57 200 36,120 2.04 

    8:15 100 1016.65 19.32 500 36,620 5.18 

    8:20 96 1016.65 19.32 480 37,100 4.97 

    8:25 92 1016.8 19.47 460 37,560 4.73 

    8:30 108 1016.9 19.57 540 38,100 5.52 

    8:35 80 1016.9 19.57 400 38,500 4.09 

    8:50 102 1017 19.67 1530 40,030 5.19 

    9:05 89.33 1017.1 19.77 1340 41,370 4.52 

    9:20 100 1017.15 19.82 1500 42,870 5.05 

    9:35 96.67 1017.2 19.87 1450 44,320 4.87 

    10:05 95 1017.25 19.92 2850 47,170 4.77 

    10:35 96.33 1017.3 19.97 2890 50,060 4.82 

    11:05 96.33 1017.35 20.02 3180 53,240 4.81 

    11:30 96.52 1017.37 20.04 2220 55,460 4.82 

    12:00 95.33 1017.37 20.04 2860 58,320 4.76 

    12:30 96.33 1017.38 20.05 2890 61,210 4.80 

    13:00 97 1017.38 20.05 2910 64,120 4.84 

    13:30 96.67 1017.38 20.05 2900 67,020 4.82 

    14:00 97 1017.38 20.05 2910 69,930 4.84 

    14:30 96.86 1017.39 20.06 3390 73,320 4.83 

    15:00 94.8 1017.39 20.06 2370 75,690 4.73 
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Table 8.2-1 (continued) 

Status Screen Time 
Pumping Rate 

(gpm) 

Depth to 
Water 

(ft bgs) 

Draw 
Down 

(ft) 

Purge 
Volume 

(gal.) 

Cumulative 
Purge 

Volume 
(gal.) 

Specific 
Capacity 
(gpm/ft)  

  1 15:30 95.15 1017.42 20.09 3140 78,830 4.74 

    16:00 99.26 1017.42 20.09 2680 81,510 4.94 

    16:30 96.33 1017.42 20.09 2890 84,400 4.79 

    17:00 96.33 1017.45 20.12 2890 87,290 4.79 

    17:30 96.33 1017.46 20.13 2890 90,180 4.79 

    18:00 96.33 1017.48 20.15 2890 93,070 4.78 

    18:30 96 1017.49 20.16 2880 95,950 4.76 

    19:00 97.77 1017.49 20.16 2640 98,590 4.85 

    19:30 95.66 1017.49 20.16 2870 101,460 4.75 

    20:00 95.66 1017.51 20.18 2870 104,330 4.74 

    20:30 95.66 1017.51 20.18 2870 107,200 4.74 

    21:00 96 1017.51 20.18 2880 110,080 4.76 

    21:30 95.66 1017.51 20.18 2870 112,950 4.74 

    22:00 95.66 1017.55 20.22 2870 115,820 4.73 

    22:30 95.66 1017.53 20.2 2870 118,690 4.74 

    23:00 95.66 1017.55 20.22 2870 121,560 4.73 

    23:30 95.66 1017.57 20.24 2870 124,430 4.73 

    24:00 95.66 1017.6 20.27 2870 127,300 4.72 

    0:30 96 1017.63 20.3 2880 130,180 4.73 

    1:00 95.33 1017.63 20.3 2860 133,040 4.70 

    1:30 95.66 1017.65 20.32 2870 135,910 4.71 

    2:00 96 1017.65 20.32 2880 138,790 4.72 

    2:30 95.33 1017.65 20.32 2860 141,650 4.69 

    3:00 95.66 1017.63 20.3 2870 144,520 4.71 

    3:30 95.66 1017.65 20.32 2870 147,390 4.71 
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From: Everett, Mark Capen  
Sent: Friday, August 08, 2014 12:39 PM 
To: Jerzy Kulis (jerzy.kulis@state.nm.us); Wear, Benjamin, NMENV (Benjamin.Wear@state.nm.us); Michael Dale 
(Michael.Dale@state.nm.us) 
Cc: Shen, Hai; Rodriguez, Cheryl L; Woodworth, Woody; Swickley, Stephani Fuller; Katzman, Danny; Ball, Ted; Douglass, 
Craig R 
Subject: CrEX-1 proposed well design 
 
Jerzy, 
 
Here is the CrEX‐1 proposed well design which includes a narrative, two diagrams depicting the proposed design, and a 
Schlumberger geophysical log montage for discussion.  We will be in touch around 1:15. 
 
Thanks, 
 
Mark Everett, PG 
CAP‐ES LANL 
(505) 667‐5931 (o) 
(505) 231‐6002 (c) 
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From: Kulis, Jerzy, NMENV [mailto:jerzy.kulis@state.nm.us]  
Sent: Friday, August 08, 2014 2:48 PM 
To: Katzman, Danny; Wear, Benjamin, NMENV 
Cc: Ball, Ted; Everett, Mark Capen; Shen, Hai; Cobrain, Dave, NMENV; Dale, Michael, NMENV 
Subject: RE: CrEX-1 well design narrative (2) 
 
Danny,  
 
NMED hereby approves the installation of the chromium extraction well CrEX‐1 as proposed in your  e‐mail below and in 
the e‐mail sent by Mark Everett on August 8, 2014 at 12:39 PM. This approval is based on information available to NMED 
at the time of the approval.  LANL must provide the results of groundwater sampling, any modifications to the well 
design proposed in the above‐mentioned e‐mails, and any additional information relevant to the installation of CrEX‐1 as 
soon as such data or information becomes available. LANL must perform installation of CrEX‐1 and its subsequent 
development in the manner the minimizes communication between the upper and lower screens and possible cross‐
contamination. 
 
Please  let me know if you have any questions. 
 

Jerzy Kulis  
Environmental Scientist 
Hazardous Waste Bureau  
New Mexico Environment Department   
2905 Rodeo Park Drive East, Bldg 1 
Santa Fe, NM 87505-6303  
Phone: 505-476-6039  
Fax: 505-476-6030 
 

From: Katzman, Danny [mailto:katzman@lanl.gov]  
Sent: Friday, August 08, 2014 2:15 PM 
To: Kulis, Jerzy, NMENV; Wear, Benjamin, NMENV 
Cc: Ball, Ted; Everett, Mark Capen; Shen, Hai 
Subject: CrEX-1 well design narrative (2) 
 
Jerzy, Ben‐  following on our discussion, here’s an updated well‐design rationale sheet for CrEX‐1.  Please review and 
provide a response at your earliest convenience. 
Thanks again for facilitating such an efficient review.   
Danny 



CrEX‐1  
 
Key objectives that guide design: 

 Establish capture zone within the plume which is in the upper 70‐100 ft of aquifer 

 Optimize removal of only chromium contaminated water 

 Reach downgradient towards R‐50 if possible 

 Avoid drawing chromium contamination downward 
 
Key observations from geophysics: 

 Water table is at approximately 990’ bgs 

 Contact between Puye formation and Miocene Pumiceous Unit is at ~1052’ bgs 

 Good probability of production from water table to ~1050’ bgs 

 Very high conductivity/free water/production zone between 1050 – 1150 (appears to 
correlate with Miocene pumiceous unit) 

 
Recommendation: 

 Build a two‐screen well with a 50’ screen starting at water table (990’ – 1040’ bgs), a 30’ 
blank section, and a 20’ lower screen set from 1070 – 1090’ bgs 

 The “water table” screen has a higher likelihood of reaching downgradient because it 
would be in a lower transmissivity zone than a deeper screen. 

 A screen set exclusively in the deeper high production zone might not propagate 
capture towards the upper 75’ of the aquifer where the chromium is present. 

 The lower screen would be packed off and only used if the upper screen does not 
produce the hydraulic response necessary for an optimized capture zone. 

 Development would occur over the entire screen interval, then again in the upper 
screen after being packed off 
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FOLD HERE                   The well name, location and borehole reference data were furnished by the customer.

Any interpretation, research, analysis, data, results, estimates, or recommendation furnished with the services or otherwise communicated by Schlumberger

to the customer at any time in connection with the services are opinions based on inferences from measurements, empirical relationships, and/or assumptions;

which, inferences, empirical relationships and/or assumptions are not infallible and with respect to which professionals in the industry may differ. Accordingly,

Schlumberger cannot and does not warrant the accuracy, correctness, or completeness of any such interpretation, research, analysis, data, results, estimates, or

recommendation. The customer acknowledges that it is accepting the services "as is," that Schlumberger makes no representation or warranty, express or implied,

of any kind or description in respect thereto, and that such services are delivered with the explicit understanding and agreement that any action taken based

Mud Invasion 

of any kind or description in respect thereto, and that such services are delivered with the explicit understanding and agreement that any action taken based

on the services received shall be at its own risk and responsibility, and no claim shall be made against Schlumberger as a consequence thereof.

@ 2010 Schlumberger. All rights reserved.
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Appendix B 

Borehole Video Logging 
(on DVD included with this document) 
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BUREAUAT 505-476-6000 


TO MAKE AN 
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Geophysical Logs and Schlumberger  
Geophysical Logging Report  

(on CD included with this document) 
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D-1.0 INTRODUCTION 

This appendix describes the hydrogeological analysis of the aquifer tests at well CrEX-1 located in 
Mortandad Canyon within the existing chromium plume. The primary objective of the analysis was to 
determine the hydraulic properties of the zones screened by CrEX-1. 

Conceptual Hydrogeology 

The CrEX-1 screened intervals consist of a 50-ft-long screen from 990 ft to 1040 ft below ground surface 
(bgs) and a 20-ft-long screen from 1070 ft to 1090 ft bgs. There is a 30-ft blank zone between the two 
screens. 

CrEX-1 was completed in the Puye Formation (Tpf, 809 ft to 1054 ft bgs), mixed Miocene deposits (Tjpf 
and Tcar, 1054 ft to 1070 bgs), and Miocene pumiceous sediments (Tjfp, 1070 ft to 1155 ft bgs). Because 
only the upper 50-ft screen was pumped, the aquifer test provides information about the properties of the 
Puye Formation and mixed Miocene deposits. 

On October 3, 2014, following well installation, well development, installation of the packer between the 
upper and lower screens, and aquifer testing, depth to water was 997.2 ft bgs in the completed well. The 
upper screen of CrEX-1 straddles the regional water table. This allows for effective assessment of the 
uppermost portion of the regional aquifer next to the regional water table where the highest contaminant 
concentrations are expected. As a result, the effective screen length is about 43 ft (from the water table to 
the bottom of the upper screen, which is at 1040 ft bgs). 

The pumping of CrEX-1 produced a maximum drawdown of about 6.2 m (~20 ft) within the pumped upper 
screen. However, the well specific capacity did not decline with the increase of the pumping rate (and the 
respective increase of the pumping drawdown; see below). This suggests that borehole skin effects 
caused a portion of the drawdown. Skin effect is an increase in the pressure drop at the pumping well 
when compared with aquifer pressure adjacent to the well. The increased pressure drop is thought to be 
caused by extra flow resistance near the wellbore because of imperfect hydraulic connection between the 
well and the aquifer. As a result, the drawdown in the aquifer adjacent to the well is expected to be much 
lower than the one observed within the pumped borehole. Nevertheless, the pumping caused a decline in 
the regional water table, and it is likely that vadose zone groundwater flow impacted the drawdowns 
observed in CrEx-1. Therefore, unconfined (phreatic) groundwater flow is occurring near the pumped 
well. However, the observed drawdowns are still small compared with the aquifer thickness (>100 ft), so it 
is acceptable to use analyses that interpret the flow as confined. In addition, analyses accounting for 
unconfined groundwater flow were also performed using Moench methodology (1997, 600136). 

Aquifer Testing  

CrEX-1 was tested from October 1 through 4, 2014. Testing consisted of a five-step pumping test on 
October 1 and a 24-h constant-rate pumping test that started on October 3. 

The pumping rates during the five-step test and the 24-h pumping test are shown in Figure D-1.0-1. The 
figure also shows the water-level fluctuations measured in CrEX-1. The pumping rates were relatively 
steady. The water level declined and rebounded very fast when pumping was turned on and off. The 
initial over-shooting of the water levels during recovery after the pump was turned off potentially suggests 
groundwater recharge from the vadose zone. The water level also returned relatively fast to prepumping 
conditions after the pump was turned off. This suggests that the aquifer is relatively well producing, and 
borehole skin effects may be impacting the observed drawdowns within the pumping well. 
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D-2.0 AQUIFER-TEST INTERPRETATION 

Drawdown and recovery data can be analyzed using a variety of methods. The Theis equation (1934-
1935, 098241) describes drawdown around a well as follows (Equation D-2.0-1): 
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where s is drawdown (in m), Q is discharge rate (in m3/d), T is transmissivity (in m2/d), a is hydraulic 
diffusivity (characterizing the speed of propagation of hydraulic pressures in the subsurface) (in m2/d), S 
is storage coefficient (dimensionless [-]), t is pumping time (in d), and r is the distance from the pumping 
well (in m). 

The Cooper-Jacob method (1946, 098236) provides a simplification of the Theis equation. The Cooper-
Jacob equation describes drawdown around a pumping well as follows (Equation D-2.0-2): 
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The Cooper-Jacob equation is valid whenever the u value in the Theis equation above is less than 0.05. 
For small radius values (e.g., corresponding to borehole radii), u is less than 0.05 at very early pumping 
times and, therefore, is less than 0.05 for most or all measured drawdown values. Thus, for the pumped 
well, the Cooper-Jacob equation usually can be considered a valid approximation of the Theis equation. 
According to the Cooper-Jacob method, the time-drawdown data are plotted on a semilog plot, with time 
plotted on the logarithmic scale. Then a straight line of best fit is constructed through the data points and 
transmissivity is calculated using Equation D-2.0-2: 

 ܶ ൌ
ଶ.ଷ଴ଷொ

ସగ୼௦
 Equation D-2.0-3 

where s is the slope of the straight line on the semilog plot (typically estimated as a change over one log 
cycle of the graph) (in m). The Cooper-Jacob method also allows for estimation of the hydraulic diffusivity 
a (and respectively of the storage coefficient S). However, these estimates are typically highly unreliable 
when drawdowns are observed at the pumping well. The hydraulic diffusivity and the storage coefficient 
can be estimated reliably only when based on drawdowns observed at an observation well near the 
pumping well. 

The recovery data are analyzed using the Theis recovery method, which is a semilog analysis method 
similar to the Cooper-Jacob method described above. In this method, the only difference is that the 
residual drawdown is plotted on a semilog plot versus the ratio t/t’, where t is the time since pumping 
began, and t’ is the time since pumping stopped. A straight line of best fit is constructed through the data 
points, and T is calculated from the slope of the straight line as in the Cooper-Jacob method above. The 
recovery data are particularly useful compared with drawdown data. Because the pump is not running, 
data responses associated with temporal discharge rate fluctuations are eliminated. The result is that the 
recovery data set is generally “smoother” and easier to analyze. 

More complicated analytical solutions are available to account for drawdown impacts caused by vadose 
zone flow, partial well penetration, aquifer leakage, etc. Some of these analytical solutions are available in 
simulation codes such as WELLS (http://wells.lanl.gov) and AQTESOLV (http://www.aqtesolv.com). For 
example, the codes allow for analyses using the Moench method (1997, 600136); this method is applied 
to analyze the drawdown data as well. 
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D-3.0 DATA ANALYSIS 

This section presents the data obtained during the aquifer tests and the results of the analytical 
interpretations. Data are presented for drawdown and recovery for the five-step test and 24-h constant-
rate pumping test. 

Five-Step Variable-Rate Aquifer Test 

The specific capacity data obtained from the CrEX-1 five-step pumping test are summarized in 
Table D-3.0-1. The table also includes specific capacity data obtained during the 24-h constant-rate 
pumping test. Note that these values are approximate because the pumping drawdowns did not reach 
equilibration at the end of the pumping period during all the tests. During the step tests, the specific 
capacity varied between about 100 m2/d and 120 m2/d (~5.5 gallons per minute [gpm]/ft and 6.6 gpm/ft). 
The step-test data demonstrate that the specific capacity of the well does not seem to depend on the 
pumping rate, which suggests the well is well developed. 

24-Hour Constant-Rate Aquifer Test 

Figure D-3.0-1 shows a semilog plot of the drawdown data recorded during the 24-h constant-rate 
pumping test conducted at an average pumping rate of 517.6 m3/d (~94.9 gpm). The test data show a 
well-defined drawdown curve with short-term, temporary equilibration of the water-level decline midway 
through the test (Figure D-3.0-1); there might also be a second, very short equilibration period close to 
the end of the test. The temporary equilibration may be caused by (1) vadose zone recharge (delayed 
yield effects), (2) three-dimensional groundwater flow effects (because of vertical expansion of the cone 
of depression), (3) recharge boundary effects, or (4) fluctuations in municipal water-supply pumping. It is 
important to note that the drawdowns did not equilibrate at the end of the 24-h constant-rate pumping 
test. However, based on the general understanding of the hydrogeologic conditions at the site, 
equilibration is expected at later pumping times. 

Based on analysis of the drawdown curve in Figure D-3.0-1, two periods can be characterized with 
straight lines matching the drawdown data (there is potentially a third period at the end of the pumping 
test, but clearly the slope of the third period matches the slope of the second period). The first straight-
line match defines the transmissivity of the aquifer in close vicinity to the well. The estimated aquifer 
transmissivity close to CrEX-1 is 510 m2/d (41,000 gpd/ft). The second straight-line slope defines lower 
transmissivity. The transmissivity is lower because, at later pumping times, the cone of depression has 
reached a portion of the aquifer with lower transmissivity. This potentially suggests aquifer heterogeneity. 
The second (late-time) straight-line slope characterizes the effective aquifer properties impacting the 
groundwater flow towards CrEX-1. The estimated effective aquifer transmissivity in the vicinity of CrEX-1 
is about 360 m2/d (30,000 gpd/ft). 

Figure D-3.0-2 presents analysis of the drawdown data performed using the Moench method (1997, 
600136), assuming unconfined groundwater flow; the analysis was performed using the code 
AQTESOLV. The analysis produced better overall representation of the drawdown data and better 
characterization of the late-time data. As a result, the estimated transmissivity value is consistent with the 
late-time estimate given above, assuming confined conditions. The estimated effective aquifer 
transmissivity is 340 m2/d, assuming unconfined conditions. 

Figure D-3.0-3 shows CrEX-1 drawdown recovery after the 24-h constant-rate pumping test. The 
drawdown recovery was plotted on a semilog plot versus the ratio t/t’, where t is the time since pumping 
began, and t’ is the time since pumping stopped. The recovery at late times (in Figure D-3.0-3, time 
increases from left to right) shows two well-defined straight-line periods separated by a period of temporal 
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drawdown equilibration. As stated above, the temporary equilibration may be caused by (1) vadose zone 
recharge (delayed yield effect), (2) three-dimensional groundwater flow effects (because of vertical 
expansion of the cone of depression), (3) boundary effects, or (4) fluctuations in municipal water-supply 
pumping. However, in Figure D-3.0-3, both straight lines have very similar slopes and defined 
transmissivity values of 480 m2/d and 490 m2/d, respectively (39,000 gpd/ft and 40,000 gpd/ft, 
respectively). These transmissivity estimates are between the transmissivity estimates based on the 
drawdown data and are expected to represent the effective aquifer properties impacting the groundwater 
flow towards the well during drawdown recovery of CrEX-1. In conclusion, it can be assumed that the 
value of 490 m2/d (40,000 gpd/ft) is the current best estimate of the aquifer transmissivity in the area near 
CrEX-1. This transmissivity value is very similar to the estimate obtained by a recent R-28 aquifer test 
analysis conducted in 2014 (LANL 2014, 255110). 

The saturated thickness corresponding to the transmissivity value is not known to estimate hydraulic 
conductivity. The saturated thickness is impacted by the pumping because the pumping causes a decline 
in the regional water table. Assuming the saturated thickness is the length of the initial saturated 
screened interval (~43 ft; before the pumping started) minus half the observed drawdown (~10 ft), the 
estimated average hydraulic conductivity is about 49 m/d or 161 ft/d. This estimate is uncertain, but the 
value of hydraulic conductivity is consistent with the estimate obtained for R-28 (~120 ft/d). 

The CrEX-1 transmissivity and hydraulic conductivity estimates suggest that the well is tapping a highly 
permeable zone in the regional aquifer. This helps achieve the CrEX-1 objective of hydraulic capture of 
contaminated groundwater. 

D-4.0 REFERENCES 

The following list includes all documents cited in this appendix. Parenthetical information following each 
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Directorate (IDs 600000 and above). IDs are used to locate documents in the Laboratory’s Electronic 
Document Management System and, where applicable, in the master reference set. 
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Figure D-1.0-1 Change in pumping rates (in red, left y-axis) and water-level elevations (in blue, 
right y-axis) during the five-step test and the 24-h pumping test over time 
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Note: The analysis of the drawdown data was performed using the Cooper-Jacob method, assuming confined groundwater flow. 

Figure D-3.0-1 CrEX-1 drawdown versus time during the 24-h constant-rate pumping test  
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Note: The analysis of the drawdown data was performed using the Moench method (1997, 600136), assuming unconfined 
groundwater flow; the analysis was performed using the code AQTESOLV. 

Figure D-3.0-2 CrEX-1 drawdown versus time during the 24-h constant-rate pumping test 
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Notes: The drawdown recovery was plotted on a semilog plot versus the ratio t/t’, where t is the time since pumping began, and t’ is 
the time since pumping stopped. Effectively, the time increases from left to right. 

Figure D-3.0-3 CrEX-1 drawdown recovery after the 24-h constant-rate pumping test  
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Table D-3.0-1 

Summary of Specific Capacity Data Obtained from CrEX-1 Aquifer Tests 

Test 

Average 
Pumping Rate 

(gpm) 

Average 
Drawdown 

(ft) 

Average Specific 
Capacity 
(gpm/ft) 

Average 
Pumping Rate 

(m3/d) 

Average 
Drawdown 

(m) 

Average Specific 
Capacity 

(m2/d) 

Step test #1 20.5 3.7 5.48 111.6 1.14 98.1 

Step test #2 35.7 5.6 6.39 194.5 1.70 114.3 

Step test #3 60.3 10.3 5.85 328.8 3.15 104.5 

Step test #4 74.8 11.3 6.63 407.5 3.44 118.5 

Step test #5 96.2 16.2 5.95 524.2 4.92 106.5 

24-h test 94.9 20.1 4.73 517.6 6.12 84.5 
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