
CROW BUTTE RESOURCES, INC.  

86 Crow Butte Road 
P.O. Box 169 (308) 665-2215 
Crawford, Nebraska 69339-0169 (308) 665-2341 - FAX 

September 25, 2001 

Mr. Melvyn Leach, Chief 
Fuel Cycle Licensing Branch, FCSS 
c/o Document Control Desk 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Subject: Source Materials License SUA-1534, Docket No. 40-8943 
SM7-23 Monitor Well Excursion Quarterly Report 
Request for License Amendment 

Dear Mr. Leach: 

On April 27,2000 during routine biweekly water sampling of Crow Butte Resources, Inc. (CBR) shallow 
monitor well SM7-23, the single parameter upper control limit (UCL) was exceeded for sulfate. As 
required by SUA-1534, a second sample was collected within 48 hours and analyzed for the five 
excursion indicator parameters. The results of the second sample (and a third sample taken on April 28) 
also exceeded the single UCL for sulfate. Based upon these results, monitor well SM7-23 was placed on 
excursion status. This report is a quarterly report submitted to NRC to provide an update on the status of 
SM7-23. In addition, this report requests an amendment to SUA-1534 to allow a change to the sulfate 
UCLs for SM7-23 and a nearby shallow monitor well, SM7-24.  

Status of SM7-23 

As required by License Condition 11.2, CBR increased the sampling frequency for SM7-23 to 
weekly in April 2000 when the sulfate UCL exceedance was initially reported. Laboratory results for 
the analysis of weekly samples from June 26 through September 18, 2001 are enclosed in 
Attachment 1. In addition, graphs are attached for each excursion parameter and water level for 
SM7-23 for the period from August 5, 1999 though September 18, 2001. The data indicates that 
sulfate concentrations have continued to exceed the single UCL of 62 mg/1 with little significant 
change in the sulfate concentration since April 2000. All other excursion monitoring parameters have 
remained stable at levels that are well below their respective UCLs.  

Mining Solutions as the Source of Elevated Sulfate Concentrations 

CBR believes that the exceedance of the sulfate UCL in SM7-23 and the elevated sulfate 
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concentrations in SM7-24 during the same period are not due to the migration of mining solutions, 
but are most likely the result of variability in baseline water quality on a large scale over time. This 
belief is supported by the following information.  

"The chemical "fingerprint" of shallow groundwater at SM7-23 and SM7-24 is inconsistent 
with an excursion of mining solutions. Sulfate is the only constituent elevated above the 
UCLs that shows a discernable recent concentration trend. Historical data for these wells 
shows no significant trend or statistical increase above baseline concentrations for any other 
excursion parameters. Previously documented excursions of mining solutions in shallow 
monitor wells (e.g., SM6-12) were identified by simultaneous increases in multiple 
parameters.  

" There is a limited opportunity for an excursion of mining solutions to affect the area of 
concern. Water level data indicate groundwater flow is downward from the upper aquifer to 
the mined interval, precluding an excursion by migration from the mined interval. Further, 
the wells are located more than 700 feet from the nearest active mining well.  

" Reconnaissance of the affected area has failed to reveal any evidence of a release of mining 
solutions at or near the surface. Furthermore, there are no buried trunklines in operation in 
the vicinity.  

" The area impacted by the elevated sulfate concentrations is too widespread to be the result of 
a localized excursion of mining solutions. A rough estimate of the affected volume of 
groundwater between SM7-23 and SM7-24 is more than 500,000 gallons. Well SM7-23 has 
been pumped for extended periods on several occasions since the increased sulfates were 
recognized without a marked change in sulfate concentration (or concentrations of any other 
excursion parameters). This fact indicates that the affected volume of groundwater is 
relatively large. Historical remedial pumping for excursions of mining solutions in shallow 
monitor wells (e.g., SM6-12) have had a relatively immediate and significant impact on 
sulfate concentrations as well as other chemical constituents.  

Potential Causes of Elevated Sulfates 

Baseline concentrations of many chemical constituents in the Mine Unit 7 shallow aquifer vary 
significantly in time and space. Future variability should also be expected. The cause of the observed 
variability cannot be determined with certainty with the available information, but such variability is 
not uncommon in shallow aquifers recharged by surface waters of variable quality or by aquifers 
located in areas prone to significant variability in precipitation or historical climate variation (e.g.
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drought cycles). The accumulation, dissolution and redistribution of salts (e.g. NaCl and CaSO 4) in 
the unsaturated zone resulting from historical climate is linked to regional and local changes in water 
concentrations of chemical constituents including sulfate. In fact, it is believed that these 
mechanisms were the cause of recent variations noted in the chloride concentrations in some shallow 
monitor wells in Mine Unit 6.  

Proposed Changes to Sulfate UCLs 

CBR proposes to recalculate the sulfate UCL for SM7-23 and SM7-24 using the full monitoring data 
obtained since operational sampling began in August 1999. Attachment 2 contains the sulfate data 
and trend graph for SM7-23 from August 5, 1999 through September 18, 2001. Attachment 3 
contains similar data for well SM7-24. The following Tables summarize the current UCLs and the 
proposed UCLs. The proposed UCLs are calculated in accordance with the approved calculational 
method from Source Materials License SUA-1534, License Condition 10.4.  

SM7-23 UCL Proposed Revision 

Baseline Operational 

Maximum Current UCL Current Monitoring Proposed Proposed 
Sulate (Multiple)ntine UCL CMaximum UCL 
Sulfate (Multiple) Single UCL Sulfate (Multiple) Single UCL 
(mg/1) (mg/l) 

43 52 62 85 102 122
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SM7-24 UCL Proposed Revision

Baseline Operational 

Maximum Current UCL Current Monitoring Proposed Proposed 
Sulfate (Multiple) Single UCL Maximum UCL 
(mglf) Sulfate (Multiple) Single UCL 
(mg/l) (mg/l) 

62 74 89 75 90 108 

CBR requests that NRC approve the proposed change to the sulfate UCLs for SM7-23 and SM7-24 and 
amend Source Materials License SUA-1534 appropriately. If you have any questions or require any 
further information, please do not hesitate to call me at (308) 665-2215.  

Sincerely, 
CROW.BUTE RESOURCES, INC.  

Michael G m 
Manager ol , Safety, and Environmental Affairs 

Attachments: As Stated 

cc: U.S. Nuclear Regulatory Commission 
Mr. Mike Layton - ADDRESSEE ONLY 
Fuel Cycle Licensing Branch 
Mail Stop T-8A33 
Washington, DC 20555

Mr. Steve Collings - CBR, Denver



Attachment 1 

SM7-23 Excursion Monitoring Data 

June 26 through September 18, 2001
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Crow Butte Project 
Monitor Well Laboratory Report 

Page Number 2/2 Sample Date: 06-26-2001 Analyst: SM/TF 
Analysis Date: 06-27-2001 

Well I Sodium F Sulfate I Chloride F Conductivity IAlkalinity I 
Number I (mg/I) F (mg/I) I (mg/L) 1 (UMHHOS) I (mg/I) I

CM4-4 
Multiple 
Single

391 
491 
589

318 
390 
468

183 
258 
310

1860 
2502 
3002

308 
361 
433

CM4-5 381 F 323 I 179 1840 F 300 
Multiple I 493 F 395 280 2642 1 344 F 
Single I 592 I 474 I 336 3171 F 413 

0(4-6 I 385 I 327 181 I 1850 I 300 
Multiple F 445 I 402 I 220 I 2344 I 337 
Single 5 534 1 482 I 264 1 2812 F 405 S 

CH4-7 I 388 ! 321 I 183 ! 1850 I 300 
Multiple I 514 I 394 I 341 I 2777 I 348 
Single I 616 I 472 I 409 I 3332 I 418 

CH6-4 I 405 I 362 I 183 I 1940 I 305 
Multiple I 480 I 450 I 241 I 2364 I 367 
Single I 576 I 540 I 289 I 2837 I 441 

CM7-2 I 388 ! 314 I 179 I 1850 I 305 
Multiple 1 492 I 408 1 296 I 2448 354 
Single I 590 I 490 1 356 I 2938 425 

CM7-3 I 392 I 319 i 181 I 1860 305 
Multiple I 524 1 409 F 317 F 2544 372 
Single I 629 1 491 I 380 I 30533 446 

CM7-4 I 385 F 317 I 179 I 1840 I 300 
Multiple I 463 1 379 I 241 I 2257 359 
Single I 556 6 455 I 289 I 2709 431 

CM7-5 I 389 I 317 F 183 I 1850 I 300 
Multiple I 484 I 391 F 277 I 2368 I 366 
Single 580 I 469 333 I 2841 439 

CM7-6 400 ! 318 1 185 I 1880 I 315 
Multiple 484 I 397 F 263 F 2356 I 362 
Single 580 S 477 F 315 I 2827 I 435 

SH7-23 I 112* I 74* I 5.8 I 560 I 190 
Multiple I 134 I 54 I 50 I 708 I 232 
Single I 161 I 65 I 59 I 850 I 278 

* - Denotes 5% change from previous sample.

I I 
I

I I 
I

I I 
I

I I 
I

I I 
I

I l



Crow Butte Project 
Monitor Vell Laboratory Report 

Page Number 2/2 Sample Date: 07-03-2001 Analyst: LG/TF 
Analysis Date: 07-03-2001

Well 
Number 

CMG-8 
Multiple 
Single

Sodium I 
(mg/L) l 

403 I 
475 I 
570 I

Sulfate I Chloride I Conductivity I Alkalinity I 
(mg/L) I (mg/I) l (UNHOS) I (mg/L) I 

344 I 179 I 1910 1 300 
449 F 241 I 2396 l 373 ! 
539 j 289 I 2876 1 448 I

C•S-9 [ 406 1 347 1 179 1 1900 F 305 
Multiple j 475 1 446 I 241 2387 361 
Single I 570 I 536 1 289 2864 I 433 
------------------------------------------------------------------------------

CMS-10 I 407 I 347 j 183 1 1920 I 303 F 
Multiple F 480 I 460 I 277 I 2453 I 336 I 
Single I 576 I 552 I 333 1 2943 I 403 

-------------------------------------------------------------

CHS-1l 421 I 350 F 189 I 1950 F 300 F 
Multiple I 478 F 443 F 256 I 2414 F 365 
Single I 573 I 531 I 307 I 2897 I 438 
----------------------------------------------------------------------

CMS-12 I 412 I 346 I 183 F 1910 I 295 
Multiple I 494 I 452 I 269 I 2485 I 380 
Single I 593 I 543 F 323 I 2982 1 456 
-----------------------------------------------------------------------------

CM6-1 1 412 I 384 I 1e5 1 1970 I 290 I 
Multiple I 510 I 460 I 278 j 2640 I 360 
Single I 612 I 552 I 334 3168 I 432 

----------------------------------------------------- ----------------- -
CM6-2 F 415 I 376 1 185 1 1960 I 295 

Multiple 1 485 I 461 1 233 F 2352 I 364 I 
Single I 582 I 553 I 279 1 2822 I 436 I 
---------------------------------------------------------------------

CM6-3 I 414 I 362 I 181 I 1940 1 305 I 
Multiple I 488 454 I 224 I 2340 I 367 1 
Single I 586 I 544 1 269 I 2808 I 441 
------------------------------------------------------------------------------

SM6-12 I 27* I 12* 1 4.7 F 520 I 240 I 
Multiple I 39 I 28 I 19 I 613 I 290 I 
Single I 46 1 33 I 23 I 736 I 348 I 

SM7-23 I 114 1 81* I 5.8 I 560 I 190 I 
Multiple I 134 F 54 I 50 I 708 I 232 
Single I 161 1 65 1 59 1 850 I 278 

-- Denot' ~ r~h.:Yga• fv-rnr pre.i"io-: ,m TI17e



Crow Butte Project 
Monitor Well Laboratory Report 

Page Nunber 2/2 Sample Date: 07-10-2001 Analyst: LG/TF 
Analysis Date: 07-11-2001

Well 1 
Number 

= === = = =• = =C =, 

CM4-4 I 
Multiple I 
Single I

Sodium I Sulfate I 
(Mg/L) I (Mg"L) I 

391 I 316 I 
491 I 390 I 
589 I 468 I

Chloride Conductivity I Alkalinity 
(Mg/L) (UHHOS) I (mg/L) I 

183 I 1860 I 305 I 
258 I 2502 I 361 
310 I 3002 433 !

CM4-5 I 379 I 323 I 177 I 1850 I 300 
Multiple I 493 1 395 6 280 I 2642 I 344 
Single I 592 I 474 I 336 3171 1 413 
-----------------------------------------------------------------------------

CM4-6 I 385 I 323 ! 183 I 1860 I 300 
multiple I 445 I 402 I 220 2344 I 337 
Single I 534 I 482 I 264 2812 1 405 

CM4-7 I 386 1 322 I 183 1 1850 I 308 
Multiple I 514 I 394 I 341 2777 I 348 
Single I 616 I 472 I 409 3332 I 418 

CK6-4 I 404 I 353 I 183 I 1940 1 298 I 
multiple I 480 I 450 I 241 I 2364 367 
Single I 576 I 540 1 289 2837 I 441 I 

CK7-2 1 383 1 305 I 181 I 1840 I 300 i 
Multiple I 492 I 408 I 296 2448 354 
Single I 590 I 490 I 356 2938 1 425 I 

----------------------------------- 
--------------------------

CM7-3 I 388 I 317 I 183 1860 I 310 
Multiple I 524 1 409 317 I 2544 I 372 I 
Single I 629 I 491 380 I 3053 I 446 I 

------------------------- ---------- ---------------- :---------
CN7-4 386 I 319 I 179 I 1850 I 300 I 
Multiple 463 I 379 I 241 I 2257 I 359 I 
Single I 556 I 455 I 289 I 2709 I 431 I 

CH7-5 I 389 I 321 183 I 1870 I 300 I 
Multiple I 484 I 391 I 277 I 2368 j 366 I 
Single I 580 I 469 I 333 I 2841 I 439 

C0 7-6 I 396 I 316 I 185 i 1880 I 310 I 
Multiple 484 I 397 I 263 I 2356 I 362 I 
Single 580 I 477 I 315 I 2827 I 435 I 

SH7-23 I 1.15 I 78 5.5* 1 580 I 185 
Multiple I 134 54 s 50 I 708 I 232 
Single I 161 ! 65 I 59 I 850 I 278 ! 

* - Denotes 5% change from previous sample.



Crow Butte Project 
Monitor Veil Laboratory Report 

Page Number 2/2 Sample Date: 07-17-2001 Analyst: LG/TF 
Analysis Date: 07-18-2001 

Well I Sodium I Sulfate I Chloride I Conductivity I Alkalinity 
Number I (xg/l) O ( Lg/L) I (mg/L) I (UHHOS) I (mg/OL) 

cMS-8 I 403 I 343 I 179 I 1910 I 300 
Multiple I 475 I 449 I 241 I 2396 373 
Single 570 I 539 I 289 I 2876 1 448 

CHS-9 I 403 I 341 I 179 I 1910 I 300 
Multiple I 475 446 241 I 2387 I 361 
Single 570 536 289 I 2864 I 433 

CMS-10 I 407 I 348 I 183 I 1930 I 295 
Multiple I 480 I 460 I 277 I 2453 I 336 
Single I 576 I 552 I 333 I 2943 I 403 

CMS-11 I 421 I 351. 187 I 1970 1 300 
Multiple I 478 I 443 I 256 I 2414 I 365 
Single I 573 I 531 I 307 I 2897 I 438 

CMS-12 I 407 I 349 I 183 I 1930 I 295 
Multiple I 494 I 452 I 269 I 2485 I 380 
Single I 593 I 543 I 323 I 2982 I 456 
------------------------------------------------------------------------------

CM6-1 I 412 I 372 I 185 ! 2000 I 285 
Multiple I 510 I 460 I 278 I 2640 360 
Single I 612 I 552 I 334 I 3168 I 432 

------ -------- --------------------------------------------
CM6-2 I 413 I 367 I 185 I 1980 I 295 
Multiple I 485 I 461 I 233 I 2352 I 364 
Single I 582 I 553 I 279 I 2822 I 436 

CM6-3 I 412 I 357 I 183 I 1940 I 300 
Multiple I 488 I 454 I 224 I 2340 I 367 
Single 1 586 I 544 I 269 I 2808 I 441 

SM6-12 I 21* 13* I 4.3* 520 I 235 
Multiple I 39 I 28 I 19 I 613 I 290 
Single I 46 I 33 I 23 I 736 I 348 

SM7-23 I 116 I 77 I 5.8- I 580 I 185 
Multiple I 134 I 54 I 50 I 708 I 232 
Single 1 161 I 65 I 59 1 850 I 278 

S- Denotes S% change from previous sample.



Crow Butte Project 
Monitor Well Laboratory Report 

Page Number 2/2 Sample Date: 07-24-2001 Analyst: LG/TF 
Analysis Date: 07-25-2001 

=•= == - ------------------------ == - - - - - - - -

Well I Sodium I Sulfate I Chloride I Conductivity I Alkalinity 
Number I (mg/L) I (mg/I) I (mg/L) I (UMHOS) (mg/I.) 

CM4-4 I 394 I 323 I 183 I 1850 I 310 
Multiple I 491 1 390 I 258 1 2502 I 361 
Single 589 1 468 I 310 I 3002 I 433 
-------------------------------------------------------------------------------

CM4-5 I 383 1 328 I 177 I 1850 1 295 
Multiple I 493 I 395 I 280 I 2642 I 344 
Single I 592 1 474 I 336 I 3171 I 413 
-------------------------------------------------------------------------------

CM4-6 I 390 I 330 181 1860 I 300 
Multiple I 445 I 402 I 220 2344 1 337 
Single 1 534 I 482 I 264 2812 405 
-------------------------------------------------- ------------------------

CM4-7 I 390 I 326 I 183 1860 I 308 I 
Multiple I 514 I 394 1 341 2777 I 348 I 
Single I 616 I 472 I 409 3332 I 418 

------------------------------------------------------ -------------
CM6-4 1 413 1 354 I 183 I 1950 I 295 

Multiple I 480 I 450 I 241 I 2364 I 367 I 
Single I 576 I 540 I 289 1 2837 1 441 

-----------------------------------------------------------------------------
cM7-2 ! 392 I 320 ! 181 I 1850 300 I 
Multiple I 492 I 408 296 I 2448 I 354 
Single 6 590 I 490 356 I 2938 425 

----------------------------------- ------ ------------------------------
CM7-3 I 400 1 314 183 1870 i 308 I 
Multiple I 524 1 409 1 317 I 2544 1 372 I 
Single 629 I 491 I 380 I 3053 I 446 

------------------------------------------------------------------------------
CM7-4 I 388 I 329 I 179 I 1850 I 310 I 

Multiple 1 463 I 379 I 241 2257 I 359 
Single 1 556 I 455 289 1 2709 I 431 
-------------------------------------------------------------------------------

CM7-S I 396 I 324 1 181 I 1860 I 300 I 
Multiple I 484 1 391 I 277 I 2368 0 366 1 
Single I 580 I 469 I 333 I 2841 439 
---------------------------------------------------------------- ----------- -

CM7-6 I 406 I 324 I 183 1 1880 I 310 I 
Multiple 1 484 I 397 263 1 2356 I 362 
Single 5o0 o 477 1 315 I 2827 I 435 

--------- ----------------------------------------------------- 7 
S17-23 I 185 I 31 I .3 I 50 I 190 

Multiple I 134 I 54 I 50 I 708 I 232 I 
Single I 161 I 65 I 59 I 850 I 278 I 

S- Denotes 5% change from previous sample .



Crow Butte Project 
Monitor Well Laboratory Report 

Page- Number 2/2 Sample Date: 07-31-2001 Analyst: LG/TF 
Analysis Date: 08-01-2001

Vell I Sodium 
Rumber I (mg/L) 

C0S-8 I 406 
Multiple I 475 
Single 1 570

I Sulfate I Chloride I Conductivity Alkalinity I 
I (mg/L) I (Mg/L) I (UMHOS) I (MgXL) I 

345 I 179 I 1910 I 305 
449 t 241 I 2396 373I 
539 289 I 2876 448 I

CH13-9 1 404 I 343 I 179 I 1910 t 305 
Multiple I 475 I 446 I 241 1 2387 I 361 
Single 570 I 536 I 289 I 2864 I 433 

CMS-1o I 406 I 350 I 183 I 1930 t 300 
Multiple 1 480 I 460 I 277 I 2453 I 336 I 
Single I 576 I 552 I 333 I 2943 I 403 I 

CMS-11 I 418 1 350 I 187 I 1960 I 300 I 
Multiple I 478 I 443 1 256 I 2414 I 365 I 
Single { 573 531 I 307 I 2897 I 438 I 

CH5-12 I 404 I 352 I 181 I 1920 I 295 
Multiple I 494 I 452 1 269 I 2485 I 380 I 
Single I 593 1 543 I 323 I 2982 I 456 I 

CH6-1 I 416 I 366 I 185 I 2030 I 290 I 
Multiple I 510 I 460 I 278 [ 2640 I 360 
Single I 612 I 552 I 334 I 3168 I 432 

CM6-2 I 410 I 363 I 185 I 1990 2 293.  
Multiple I 485 I 461 I 233 i 2352 I 364 I 
Single 9 582 1 553 I 279 I 2822 I 436 I 

CM6-3 I 413 I 358 I 183 I 1940 I 300 I 
Multiple I 488 I 454 224 I 2340 I 367 
Single I 586 I 544 I 269 I 2808 1 441 

SM6-12 I 23* I 11- 1 4.1 I 510 I 235 I 
Multiple I 39 I 28 I 19 I 613 I 290 I 
Single 1 46 33 1 23 I 736 I 348 I

S117-23 I 
Multiple I 
Single I 

* - Denotes 5%

119 
134 
161 

change

83 
54 
65

5 5.7.* 
I 50 I 59

frox previous sample.

580 
708 
850

185 
232 
278

I I 
I

I I 
I

I I 
I

I I 
I



Crow Butte Project 
Monitor Well Laboratory Report

Page Number 2/2 Sample Date: 08-07-2001 Analyst: SI/TF 
Analysis Date: 08-08-2001 

-- _ • = = = = = = = ==== =---------==

Tell I 
Number 

CM4-4 I 
Multiple I 
Single I

Sodium I Sulfate I 
(mg/L) I (mg/L) I 

390 I 322 I 
491 I 390 I 
589 I 468 i

Chloride I Conductivity I Alkalinity 
(mg/n) I (UMHOS) I (mgi-) 
----------------------------=-= =: 1= == == =:= ,-- .--- =---==

183 
258 
310

1850 
2502 
3002

305 
361 
433

CM4-5 I 386 336 I 177 1850 I 300 
Multiple I 493 I 395 I 280 I 2642 I 344 
Single I 592 I 474 I 336 I 3171 I 413 p 

CM4-6 I 390 F 338 1 181 I 1860 I 300 
Multiple I 445 I 402 I 220 I 2344 337 
Single I 534 I 482 I 264 I 2812 I 405 

CM4-7 I 390 333 I 181 I 1860 I 305 
Multiple I 514 394 1 341 I 2777 I 348 
Single I 616 472 I 409 I 3332 [ 418 

CM6-4 I 410 1 356 I 183 I 1960 I 295 
Multiple I 480 I 450 I 241 I 2364 I 367 
Single I 576 I 540 I 289 I 2837 I 441 

CM7-2 I 392 I 324 I 191 I 1850 I 303 
Multiple I 492 408 1 296 I 2448 354 
Single I 590 I 490 I 356 I 2938 425 

CM7-3 I 398 1 321 I 183 I 1870 I 300 
Multiple I 524 409 317 I 2544 [ 372 
Single I 629 I 491 I 380 I 3053 446 

CM7-4 I 388 I 332 I 179 I 1850 I 310 
Multiple I 463 I 379 I 241 I 2257 I 359 
Single I 556 I 455 I 289 I 2709 I 431 I 

CM7-- I 395 I 332 I 181 I 1860 I 308 
Multiple I 484 I 391 I 277 I 2368 I 366 I 
Single I 580 I 469 I 333 2841 I 439 I 

CM7-6 I 406 I 330 I 183 I 1880 I 305 
Multiple I 484 I 397 I 263 I 2356 362 I 
Single I 580 I 477 I 315 I 2827 435 

Sh'b7-23 i 81/3 5.i I 130 I 
Multiple I 134 I 54 I so I 708 1 232 
Single I 161 I 65 I 59 I 850 1 278 I 
--------------------------------------------------------------
S- Denotes 5% change from previous sample.

I I 
I

I I 
I

I I 
I



Crow Butte Project 
Monitor Well Laboratory Report 

Page Number 2/2 Sample Date: 08-14-2001 Analyst: LG/TF 
Analysis Date: 08-15-2001 

Vell F Sodium { Sulfate I Chloride F Conductivity F Alkalinity 
Number I (mg/L) I (mg/L) I (mg/L) I (UHHOS) I (mg/L) I 
------------------------------ = - - • .... ==-======== ====-------

CMS-8 I 404 349 I 179 I 1910 I 300 I 
Multiple I 475 { 449 F 241 I 2396 I 373 { 
Single F 570 I 539 1 289 I 2876 I 448 
-----------------------------------------------------------------------------

CMS-9 I 404 F 356 F 179 F 1910 I 305 
Multiple I 475 446 I 241 I 2387 I 361 I 
Single I 570 536 I 289 I 2864 I 433 I 
--------------------------------------------------------------------

OMS-lO I 408 I 364 I 185 t 1940 1 300 I 
Multiple I 480 { 460 I 277 F 2453 I 336 { 
Single I 576 F 552 I 333 I 2943 F 403 I 

----------------------------------------------------------------------
CMS-11 F 419 I 341 I 187 1960 I 298 I 
Multiple I 478 { 443 1 256 6 2414 F 365 { 
Single 573 I 531 307 2897 438 I 

----------------------------------------------------------------------
CMS-12 { 405 F 342 { 181 I 1920 I 295 
Multiple 1 494 I 452 I 269 I 2485 I 380 
Single I 593 I 543 I 323 I 2982 1 456 { 

--------------------------------------------------------------------
CM6-1 I 416 I 354 F 185 I 2030 I 295 
Multiple I 510 F 460 F 278 I 2640 I 360 I 
Single 1 612 { 552 I 334 I 3168 I 432 1 

----------------------------------------------------------------------
CM6-2 j 416 I 352 I 186 I 1990 I 285 6 

Multiple 485 F 461 F 233 2352 I 364 I 
Single 582 F 553 { 279 F 2822 I 436 
------------------------------------------------------------------------------

CM6-3 I 413 I 343 I 183 1 19so I 295 I 
Multiple I 488 454 F 224 F 2340 f 367 F 
Single I 586 I 544 I 269 I 2808 1 441 I 
----------------------------------------------------------------------
SM6-12 I 22 I 11 I 4.1 I 510 I 233 I 

Multiple F 39 I 28 I 19 I 613 I 290 I 
Single I 46 I 33 I 23 I 736 I 348 
------------------------------------------------------------------------------

SM7-23 I 118 I 81 I 6.0 I 580 I 185 I 
Multiple I 134 I 54 I 50 1 708 232 I 
Single l 161 I 65 59 1 850 I 278 

S- Denotes 5 change from previous sample



Crow Butte Project 
Monitor Well Laboratory Report 

Page Number 2/2 Sample Date: 08-21-2001 Analyst: IG/TF 
Analysis Date: 08-22-2001 

=• • = = = = = ---- = ------------------ _ __

Well I Sodium 
Number I (mg/L) 

CM4-4 I 384 
Multiple I 491 
Single I 589

I Sulfate Chloride I Conductivity I Alkalinity I 
I (mg/I) (mg/I) I (UMHOS) I (mg/I) I

329 
390 
468

185 
258 
310

1850 
2502 
3002

305 
361 
433

CM4-5 I 380 I 331 I 181 I 1840 I 300 
Multiple I 493 I 395 I 280 I 2642 I 344 
Single I 592 I 474 I 336 I 3171 I 413 

CH4-6 I 388 I 334 I 181 ! 1850 I 300 
Multiple I 445 I 402 I 220 2344 1 337 
Single I 534 I 482 I 264 I 2812 I 405 

CM4-7 I 384 I 334 i 182 I 1850 I 300 I 
Multiple I 514 I 394 1 341 I 2777 I 348 I 
Single I 616 I 472 1 409 I 3332 I 418 

CM6-4 1 410 I 347 192 I 1970 I 295 I 
Multiple I 480 I 450 241 I 2364 I 367 
Single I 576 I 540 289 I 2837 I 441 

CM7-2 I 384 I 321 I 181 I 1850 I 310 I 
Multiple I 492 I 408 I 296 2448 I 354 I 
Single I 590 I 490 I 356 2938 I 425 I 

CM7-3 I 388 I 331 I 185 I 1860 I 305 I 
Multiple I 524 I 409 I 317 2544 I 372 I 
Single I 629 I 491 I 380 3053 I 446 I 

CM7-4 I 380 I 341 I 181 1840 I 310 
Multiple I 463 I 379 I 241 I 2257 I 359 
Single I 556 I 455 1 289 I 2709 431 

CM7-5 I 380 I 329 I 185 I 1860 I 310 I 
Multiple I 484 I 391 I 277 I 2368 I 366 I 
Single I 580 I 469 1 333 I 2841 I 439 I 

CM7-6 I 398 I 327 I 185 I 1880 I 305 I 
Multiple 1 484 I 397 I 263 I 2356 I 362 I 
Single I 580 I 477 I 315 I 2827 I 435 

SM7-23 I 118 I 84 6.8* I 580 t 190 I 
Multiple I 134 1 54 I 50 708 I 232 I 
Single I 161 I 65 I 59 I 850 I 278 I 

* - Denotes 5% change from previous sample.

I I 
I

I I 
I

I I 
I

I I 
I

I t 
I



Crow Butte Project 
Monitor Well Laboratory Report

Page Number 2/2 Sample Date: 08-28-2001 Analyst: LG/TF 
Analysis Date: 08-29-2001

Well I 
Number I 

C S-8 I 
Multiple F 
Single I

Sodium I Sulfate I Chloride I Conductivity Alkalinity I 
(mg/L) I (Mg/L) I (Og/L) I (UHHOS) (mg/L) I 

404 I 341 I 179 I 1910 I 300 
475 I 449 I 241 I 2396 I 373 I 
570 ! 539 I 289 I 2876 I 448

CMS-9 1 402 353 I 181 1910 ! 308 I 
Multiple I 475 I 446 i 241 2387 F 361 F 
Single 6 570 i 536 I 289 2864 1 433 
--------------------------------------------------------- -------------------

CMS-10 404 I 348 0 185 I 1930 I 300 I 
Multiple I 480 I 460 I 277 I 2453 1 336 F 
Single I 576 i 552 I 333 1 2943 403 I 

----------------------------------------------------------------------
CMS-Il I 416 I 351 F 187 I 1950 I 295 I 
Multiple I 478 9 443 F 256 I 2414 I 365 
Single f 573 531 307 2897 438 
------------------------------------------------------------------------------

CHS-12 i 406 I 345 i 181 I 1920 i 295 I 
Multiple i 494 i 452 I 269 I 2485 380 
Single i 593 I 543 I 323 I 2982 456 
-------------------------------------------------------------------------------

CM6-1 417 I 371 I 185 2070 [ 295 I 
Multiple i 510 i 460 i 278 2640 i 360 I 
Single i 612 I 552 j 334 3168 432 
----------------------------------------------------------------------------- -

CM6-2 I 415 1 373* 185 i 2000 I 290 
Multiple 1 485 I 461 1 233 1 2352 I 364 F 
Single 582 I 553 I 279 I 2822 I 436 I 

--------------------------------------------------------------------
CM6-3 i 414 i 346 i 183 i 1940 i 295 I 
Multiple F 488 I 454 F 224 i 2340 I 367 
Single I 586 6 544 I 269 1 2808 I 441 I 

---------------------------------------------------- ------

SM6-12 I 21 I 1i F 4.1 SO1 235 I 
Multiple I 39 I 28 I 19 l 613 290 I 
Single F 46 I 33 i 23 F 736 348 I 

----------------------------------------------------------------------
SM7-23 F 116 I 85 I 6.0- I 580 I 185 I 
Multiple 1 134 1 54 s 50 o 708 f 232 I 
Single I 161 1 65 59 1 850 278 

S- - ------------------------------------------------ - ----- --------------
-m- Denotes 5% change f rox previous sample.



Crow Butte Project 
Monitor Tell Laboratory Report 

Page Number 2/2 Sample Date: 09-04-2001 Analyst: LG/TF 
Analysis Date: 09-05-2001 

------------- =---------------------------------==== == ------------

Well I 
Number I 

CM4-4 I 
Multiple 
Single

Sodium I Sulfate I Chloride 
(xg/L) I (mg/L) I (mg/L) 

I I 
491 I 390 I 258 
589 I 468 I 310

I Conductivity I Alkalinity 
I (UMHOS) I (mg/I)

2502 
3002

361 
433

CM4-5 I I I I I I 
Multiple I 493 I 395 280 I 2642 I 344 
Single I 592 I 474 I 336 I 3171 I 413 

CM4-6 I I I I I I 
Multiple I 445 I 402 I 220 1 2344 I 337 
Single I 534 I 482 I 264 1 2812 I 405 

CM4-7 I I I I I I 
Multiple 1 514 1 394 f 341 I 2777 348 
Single I 616 1 472 I 409 I 3332 I 418 

CM6-4 I I I I I I 
Multiple I 480 I 450 I 241 I 2364 I 367 
Single I 576 I 540 I 289 1 2837 I 441 

CM7-2 I I I I I I 
Multiple I 492 I 408 I 296 I 2448 I 354 
Single 590 1 490 I 356 I 2938 425 

CM7-3 I I I I I 
Multiple I 524 I 409 I 317 I 2544 372 
Single I 629 I 491 I 380 I 3053 I 446 

CM7-4 I I I I I I 
Multiple I 463 I 379 I 241 1 2257 1 359 
Single 556 I 455 I 289 I 2709 I 431 

CM7-5 I I I I I I 
Multiple I 484 1 391 I 277 I 2368 366 
Single I 580 I 469 1 333 I 2841 439 

CM7-6 I I I I I I 
Multiple I 484 I 397 1 263 I 2356 1 362 
Single 580 { 477 1 315 I 2827 1 435 

S-M7-23 1 112 1 76* I * I 5l 190l 
Multiple I 134 I 54 I 50 708 I 232 
Single I 161 I 65 I 59 { 850 I 278 

- - Denotes 5% change from previous sample.

i I 
l

I I 
I

I I 
I



Crow Butte Project 
Monitor Well Laboratory Report 

Page Number 2/2 Sample Date: 09-11-2001 Analyst: LG/TF 
Analysis Date: 09-12-2001

Well I 
Nuumber I 

CM5-8 I 
Multiple I 
Single t

Sodium (mg/L) 

403 
475 
570

I Sulfate 
I (mg/L) 

337 
449 

I 539

I Chloride I Conductivity I Alkalinity I 
(mg/L) I (UMHOS) I (mg/L) I

179 
241 
289

1910 
2396 
2876

300 
373 
448

CMS-9 406 I 345 181 I 1910 I 305 
Multiple 475 I 446 I 241 I 2387 I 361 
Single I 570 I 536 I 289 I 2864 I 433 

CM5-10 405 I 350 I 183 I 1930 I 300 
Multiple 480 I 460 1 277 I 2453 I 336 
Single 576 I 552 I 333 1 2943 I 403 

CMS-11 412 I 346 I 187 I 1950 I 300 
Multiple 478 I 443 I 256 I 2414 I 365 
Single 573 I 531 I 307 2897 I 438 

CMS-12 I 410 357 I 181 I 1920 I 300 
Multiple I 494 I 452 I 269 I 2485 I 380 
Single I 593 I 543 I 323 I 2982 I 456 

CM6-l I 428 I 385 I 204- I 2070 1 290 
Multiple I 510 460 P 278 I 2640 1 360 
Single I 612 I 552 I 334 I 3168 432 

CM6-2 I 416 I 380 I 202* I 2020 I 295 
Multiple I 485 I 461 I 233 I 2352 364 
Single I 582 I 553 I 279 I 2822 I 436 

CM6-3 I 411 I 360 I 183 I 1940 ! 300 
Multiple I 488 I 454 [ 224 I 2340 I 367 
Single 1 586 I 544 I 269 I 2808 I 441 

SM6-12 I 22 I 13* I 4.3 I 510 235 
Multiple 1 39 I 28 19 I 6131 290 
Single I 46 I 33 23 I 736 348 

SH7-23 ! 117 I 81- I 6.0* I 580- I 190 
Multiple 134 ! 54 s 50 o 708 I 232 
Single I 161 1 65 1 59 I 850 I 278 

- - Tl-nte, ~';! *hancv- f'-F-'' r '~i'~

I I 
I

I I 
I

I I 
I



Crow Butte Project 
Monitor Well Laboratory Report 

Page Number 2/2 Sample Date: 09-18-2001 Analyst: LG/TF 
Analysis Date: 09-19-2001 

= = = = - -- - - - -

Wel I 
Number 

Ci4-4 
Multiple 
Single

Sodium I Sulfate I 
(mg/L) 1 (mg/L) I 

393 I 325 I 
491 I 390 I 
589 I 468

Chloride I Conductivity I Alkalinity I 
(mg/L) I (UNHOS) I (mg/L) 

185 I 1850 305 I 
258 I 2502 I 361 I 
310 I 3002 I 433 1

CMi -5 I 388 1 334 I 181 I 1840 I 300 
huitiple 1 493 I 395 I 280 I 2642 I 344 
Single I 592 I 474 336 3171 413 
------------------------------------------------------------------------------

CM4-6 j 390 I 332 I 181 1 1850 I 305 
Multiple I 445 I 402 I 220 I 2344 I 337 
Single I 534 I 482 I 264 I 2812 405 
-----------------------------------------------------------------------------

CM4-7 I 388 I 332 1 181 I 1850 t 308 
Multiple I 514 I 394 I 341 I 2777 I 348 
Single I 616 I 472 1 409 I 3332 I 418 
------------------------------------------------------------------------------

CM6-4 I 417 I 351 I 192 1 1980 1 300 
Multiple I 480 I 450 I 241 I 2364 I 367 
Single I 576 I 540 I 289 I 2837 I 441 
------------------------------------------------------------------------------

CM7-2 I 392 I 332 I 181 I 1840 I 305 
Multiple I 492 I 408 I 296 1 2448 I 354 
Single I 590 I 490 I 356 [ 2938 I 425 
------------------------------------------------------------------------------

CM7-3 I 390 I 327 I 183 I 1860 I 300 
Multiple 524 1 409 I 317 l 2544 I 372 
Single 1 629 I 491 j 380 1 3053 446 
---------------------------------------------------------------------------- -

CM7-4 i 386 I 331 I 181 I 1840 I 305 I 
Multiple I 463 1 379 I 241 I 2257 I 359 
Single I 556 I 455 1 289 9 2709 I 431 I 
-------------------------------------------------------------------- -

CM7-5 I 391 I 334 I 183 1 1860 ! 300 
Multiple I 484 I 391 I 277 1 2368 366 
Single I 580 I 469 I 333 I 2841 I 439 

----------------------------------------------------------------------------
CM7-6 I 396 I 332 I 185 I 1880 I 310 I 
Multiple I 484 [ 397 I 263 1 2356 I 362 
Single { 580 t 477 1 315 1 2827 I 435 I 
----------- --------------------------------------------------

SM7-23 I 115 I 78 { 6.6* P 570 I 190 I 
lIItipie I i3i I j 6U /08 2J32 
Single [ 161 I 65 I 59 9 850 I 278 
------------------------------------------------------------------------- ---

-* - Denotes 5% change from previous sample.



Attachment 2 

SM7-23 Sulfate Trend Data



SM7-23 Sulfate Trend Data

5-Aug-99 
19-Aug-99 
2-Sep-99 
16-Sep-99 
30-Sep-99 
14-Oct-99 
28-Oct-99 
I I -Nov-99 
24-Nov-99 
9-Dec-99 
23-Dec-99 
7-Jan-00 

20-Jan-00 
3-Feb-00 
17-Feb-00 
2-Mar-00 
16-Mar-00 
30-Mar-00 
13-Apr-00 
27-Apr-00 
27-Apr-00 
28-Apr-00 
4-May-00 
I I -May-00 
18-May-00 
25-May-00 

I -Jun-00 
8-Jun-00 
15-Jun-00 
22-Jun-00 
29-Jun-00 
6-Jul-00 
13-Jul-00 
20-Jul-00 
27-Jul-00 
3-Aug-00 

10-Aug-00 
17-Aug-00 
24-Aug-00 
3 1 -Aug-00 
7-Sep-00 
14-Sep-00 
2 1 -Sep-00 
28-Sep-00 
5-Oct-00 
12-Oct-00 
19-oct-00

42 
42 
42 
43 
42 
42 
44 
43 
43 
45 
47 
45 
46 
46 
48 
49 
49 
55 
59 
81 
82 
82 
83 
79 
80 
81 
81 
83 
81 
82 
80 
83 
62 
80 
79 
79 
82 
80 
78 
84 
84 
80 
80 
78 
74 
79 
71

26-Oct-00 
2-Nov-00 
9-Nov-00 
14-Nov-00 
20-Nov-00 
28-Nov-00 
5-Dec-00 
12-Dec-00 
19-Dec-00 
26-Dec-00 
2-Jan-0 I 
9-Jan-0 I 
16-Jan-O I 
23-Jan-01 
30-Jan-01 
6-Feb-01 
13-Feb-01 
2 1 -Feb-0 I 
27-Feb-0 I 
6-Mar-O I 
13-Mar-01 
20-Mar-01 
27-Mar-01 
3-Apr-01 
10-Apr-01 
17-Apr-Ol 
24-Apr-01 
I -May-O I 
8-May-O I 
15-May-01 
22-May-01 
29-May-01 

5-Jun-01 
12-Jun-01 
19-Jun-O I 
26-Jun-0 1 
3 -Jul-0 I 
I O-Jul-0 I 
17-Jul-01 
24-Jul-0 1 
31-Jul-01 
7-Aug-01 
14-Aug-01 
21 -Aug-0 I 
28-Aug-01 
4-Sep-01 
I I -Sep-0 I 
18-Sep-01

Maximum 85
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Attachment 3 

SM7-24 Sulfate Trend Data



SM7-24 Sulfate Trend 

8/5/1999 57 5/10/2001 71 
8/19/1999 53 5/24/2001 71 
9/2/1999 51 6/7/2001 71 

9/16/1999 54 6/21/2001 75 
9/30/1999 59 7/6/2001 75 
10/14/1999 61 7/19/2001 74 
10/28/1999 64 8/2/2001 75 
11/11/1999 64 8/16/2001 67 
11/24/1999 60 8/30/2001 71 
12/9/1999 62 9/13/2001 72 
12/23/1999 65 

1/7/2000 67 
1/20/2000 67 
2/3/2000 68 

2/17/2000 69 
3/2/2000 71 

3/16/2000 69 
3/30/2000 70 
4/13/2000 71 
4/27/2000 73 
5/11/2000 70 
5/25/2000 73 
6/8/2000 71 

6/22/2000 73 
7/7/2000 71 
7/20/2000 70 
8/3/2000 70 
8/17/2000 66 
8/31/2000 68 
9/14/2000 70 
9/28/2000 70 
10/12/2000 70 
10/26/2000 68 
11/9/2000 75 
11/22/2000 72 
12/7/2000 70 
12/21/2000 69 

1/5/2001 74 
1/18/2001 72 
2/1/2001 71 

2/15/2001 66 
3/1/2001 67 
3/15/2001 68 
3/29/2001 70 
4/12/2001 71 
4/26/2001 69

Maximum 75
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