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BHP�Billiton�Mine�Management�Company 

Technical Memorandum 

Date  February 26, 2015  

To Mychal Yellowman (OSMRE) 

CC Paul Clark (OSMRE); Kent Applegate (MMCo); Daphne Place-Hoskie (MMCo)  

From Ed Epp  

Our Ref  Navajo Mine NM-0003F SMCRA Required Water Quality Monitorin g 
Enhancements Technical Memorandum 

This technical memorandum (TM) documents the activities conducted in fulfilment of water 
quality monitoring enhancements required by the U.S. Federal Office of Surface Mining, 
Reclamation, and Enforcement (OSMRE) as part of its approval of the Navajo Mine Pre-2016 
Permit (Appendix 1).  Specifically the TM describes: 

1. Surface water station and ground water monitoring well installation progress since 2012.
2. Analysis of water quality data collected from these sites since installation.
3. Ongoing work to fulfil monitoring requirements. 
� 

1 Executed Water Quality Monitoring Enhancements: 
1.1  Bedrock Monitoring Wells  
BHP Billiton Mine Management Company (MMCo) reinstated  monitoring at three (3) bedrock 
monitoring wells at Area 1 (Figure 1).  Water quality monitoring is done quarterly at monitoring 
well Bitsui-2.  The well is completed in the #8 Coal Seam.  Water level measurements are 
collected quarterly at monitoring wells KF84-16, and KF83-1.  These two  wells are also 
completed in the #8 Coal Seam.  

The three (3) groundwater monitoring wells (KF84-20A, B, and C) that monitored the #7, #4, and 
#3 Coal Seams, respectively, at the Lowe Pit were mined through in 2012.  MMCo replaced 
these with three new monitoring wells in 2012 (KF3-12-1, KF4-12-1, and  KF7-12-1) to the east of 
the final highwall of Lowe Pit in an area with no planned future disturbance (Figure 2) (Appendix 
2). 

MMCo originally intended to install one well each in the #8 and #3 Coal Seams along  the north 
edge of the Gilmore Pit, in Area 4 North.  However, because the #8 Coal Seam is “thin, 
discontinuous, and split into as many as four child seams” in the area proscribed by OSMRE for 
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the #8 weell, OSMRE approved ann alternate pplan to install a second mmonitoring wwell in the #3 Coal 
Seam (Appendix 2 annd 5).  These wells are KKF3-12-2 annd KF3-12-3 (Figure 3). 

Table 1 ssummarizes the new beddrock wells, target formaations and thheir locationss at the Navaajo 
Mine. 

Figure 1.  Ground andd surface waater monitori ng in Area 1 of the Navaajo Mine. 
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Figure 2.  Ground andd surface waater monitori ng in the viccinity of Chinde Arroyo at the Navajt oo 
Mine. 
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Figure 3.  Ground andd surface waater monitori ng in the viccinity of Cottoonwood Arrooyo at the Naavajo 
Mine. 
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Table 1. Groundwatter Monitorinng Wells Inst 
2016 Perm 

talled at Nav 
mit Applicatio 

vajo Mine Sin 
on. 

nce Approvaal of the Pre--

Majorr Unit Well Numbeer LLocation Samp 
Freque 

pling 
ency 

SStatus, Year 
Installed 

Fruitlan 
Seam 

nd Coal 
m #8 

KF84-22AA East of Dixon Pitt Annuual AActive, 1984 

Bitsui-2 BBitsui Pit Quartterly AActive, 1994 

KF84-16 BBitsui Pit Quartterly AActive, 1984 

KF83-1 East of Bitsui Bit t Quartterly AActive, 1983 

Fruitlan 
Seam 

nd Coal 
m #7 

KF7-12-1 East of Lowe Pit Annuual AActive, 2012 

KF84-22BB East of Dixon Pitt Annuual AActive, 1984 

Fruitlan 
Seam 

nd Coal 
#4-6 

KF84-18AA East oof Yazzie Pitt Annuual AActive, 1984 

KF4-12-1 East of Lowe Pit Annuual AActive, 2012 

Fruitlan 
Seam 

nd Coal 
m #3 

KF3-12-1 East of Lowe Pit Annuual AActive, 2012 

KF3-12-2 Northh of Gilmore 
Pit Annuual AActive, 2012 

KF3-12-3 Northh of Gilmore 
Pit Annuual AActive, 2012 

1.2. Alluuvial Grounddwater Wellls 
MMCo innstalled seveen (7) alluvial groundwateer monitoring wells in 20012 (Appenddix 2) (Table 2). 
One (1) aalluvial moni toring well, CCA-2, was innstalled in 20013 (Appenddix 3). Well CWA-1a waas 
damagedd by a flood eevent on thee Cottonwoo d Arroyo durring the fall oof 2012.  Thee well was 
subsequeently abandooned and waas replaced bby well CWAA-1b (Appenndix 4) in 20113. All 
abandonments and innstallations wwere supervvised and doocumented inn the field byy a representtative 
of Norweest Corporati on (see Figuures 2 and 33 for alluvial wwell locationns). Two (2) wells have nnot 
been insttalled.  See SSection 3 forr discussion of progress  to install Chhinde Alluviuum monitorinng 
wells CA-1 and CA-66. 
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Tablee 2. Alluvial WWells Install ed at Navajo 
App 

o Mine Since 
plication. 

e Approval oof the Pre-20016 Permit 

Well 
Designattion 

General Locatioon Moonitoring 
Type 

Sampling 
Frequency 

g 
y 

Sta 
I 
atus, Year 
nstalled 

CA-1 Ch 
Down 

hinde Arroyo 
gradient of N 

– 
NAPI 

Ha 
pre 

nd augur 
e-packed 

well 
NA PProposed 

CA-2 
Ch 

Wetla 
hinde Arroyo 
nd east of m 
influence 

– 
mining Moonitoring 

Well Quarterlyy Acctive, 2013 

CA-3 Ch 
We 

hinde Arroyo 
etland on lea 

– 
se 

Moonitoring 
Well Quarterlyy Acctive, 2012 

CA-4 Ch 
We 

hinde Arroyo 
etland on lea 

– 
se 

Moonitoring 
Well Quarterlyy Acctive, 2012 

CA-5 Ch 
We 

hinde Arroyo 
etland on lea 

– 
se 

Moonitoring 
Well Quarterlyy Acctive, 2012 

CA-6 
Ch 

Down 
hinde Arroyo 
ngradient of m 

lease 

– 
mine Moonitoring 

Well NA PProposed 

CWA-1 a Cotto 
upgra 

onwood Arro 
adient of min 

oyo, 
ning 

Moonitoring 
Well NA D 

Ab 
amaged, 

bandoned 

CWA-1 b 
Cotto 

North 
onwood Arro 

Fork, upgra 
of mining 

yo – 
dient Moonitoring 

Well Quarterlyy Acctive, 2013 

CWA-22 
Cotto 

Middle 
onwood Arro 
e Fork, upgra 

of mining 

yo – 
adient Moonitoring 

Well Quarterlyy Acctive, 2012 

CWA-33 Arroy 
upgra 

yo – South F 
adient of min 

Fork, 
ning 

Moonitoring 
Well Quarterlyy Acctive, 2012 

CWA-44 Cotto 
Downg 

onwood Arro 
gradient of m 

yo – 
mining 

Moonitoring 
Well Quarterlyy Acctive, 2012 

1.3 Surfaface Water MMonitoring Stations 
MMCo innstalled passsive water quuality monitooring stationss upstream aand downstreeam of mininng in 
the Cottoonwood Arroyo. The stations consistt of one (1) ccrest gauge and a minimmum  of two ( 2) 
single staage sedimennt samplers ((Figures 4 a nd 5). The ssediment sa mplers are cconstructed of 4-
inch PVCC pipe and coontain 1-literr sample botttles. The boottles have aan intake andd a vent tubee 
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attached. The stationns begin to ccapture wateer samples wwhen flow reeaches the a pex of the inntake 
tube. Onnce the bottlee is full, the ssampler cann no longer ccapture wateer. Once floww in the arro yo 
ceases, aand the arroyyo is safe to enter, the ssamples are removed froom the 4-inchh PVC tubess. 
The maximum heightt of flow is reecorded fromm the staff gaauge. Cleanning and maiintenance off the 
station iss done, if neccessary, andd the samplees are shippeed to an ana alytical laboraatory. 

The locattions, monitooring frequenncy, and equuipment instaallation detaails for surfacce water stattions 
are summmarized in T able 3.  Onee station is loocated downnstream of eaach of four (44) major culvverts 
beneath the Burnhamm Road within the Cottonnwood Arroyyo. One stattion (CN-2) is on the Norrth 
Fork, while a second station (CMM-2) is locateed on the Midddle Fork of Cottonwoodd Arroyo. Thhe 
South Foork of Cottonnwood Arroyoo consists off two smallerr (sub)-forkss that merge just downstream 
of the Buurnham Roadd. Station CCS-2A is locaated on the nnorthern of thhese sub-forrks and CS-22B is 
located oon the southeern sub-fork (Figure 2).  A fifth flow mmeter is locaated on the CCottonwood 
Arroyo, ddownstream of mining at the historicaal location CCNS-1. 

Teledynee ISCO 21100 Ultrasonic Flow Modulees were instaalled at Cott tonwood surfface water 
monitorinng stations CCN-2, CM-2, CS-2A, CS--2B, and CN NS-1. These  flow meterss were instal led in 
4-foot diaameter culveerts, set vertiically into thee ground, to protect the instruments (Figure 6). The 
sondes hhang from the roofs of the Burnham RRoad culverrts, which affford relativelyy constant ccross 
sections. The data frrom the floww meters can  be converteed to cross ssectional areea of flow andd the 
runoff volumes can thhen be calcuulated. 

Initial datta collected bby these floww meters in AApril, 2014 inndicated thaat the detectiion range of the 
sondes innstalled wass insufficient to reach thee floors of thee culverts.  FFurther discuussion on 
correctivee actions ca n be found inn Section 3. 

A Teledyyne ISCO 2110 Ultrasoniic flow meterr will be instaalled at CD-22A on the C hinde Arroyoo at 
the downnstream end of the Big FFill culvert. Innstallation off an ultrasonnic sonde is pplanned at thhe 
upstreamm station (CDD-1A).  Furthher discussioon on CD-1AA can be founnd in Sectionn 3. 

The upstream (CD-1AA) and downnstream (CDD-2A) Chindee Wash stati ons are insppected on a 
quarterly schedule.  IIn accordancce with Navaajo Mine Perrmit NM-00003F, water saamples are 
collected  when flowinng conditionss are observved during quuarterly insppections.  Floow meters arre 
being insstalled at CDD-2A and onee is planned at CD-1A (ssee section 33.2). 
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Table 3. Surface WWater Stationns Installed a 
Permit 

at Navajo M 
Application. 

ine Since Appproval of th e Pre-2016 

Station ID Drainage Locationn Sampling Instrrumentation 

CD-1AA CChinde Upstreamm  Quuarterly Grab 
Sample 

b None 
se 

installed (se 
ection 3.2) 

ee 

CD-2AA CChinde Downstreaam Qu 
S 
uarterly Grab 
ample, Flow 

Gauge 

b 
w 

Con 
p 
nstruction in 
progress 

CN-22 Nor 
Cott 

rth Fork 
tonwood 

Upstreamm Pas 
F 
ssive Sample 
Flow Gauge 

er, 6’ Ultr 
instal 
Ultra-

rasonic sond 
led. Need 10 
-sonic sonde 

de 
0’ 
e 

CM-22 Mid 
Cott 

dle Fork 
tonwood 

Upstreamm Pas 
F 
ssive Sample 
Flow Gauge 

er, 6’ Ultr 
instal 
Ultra-

rasonic sond 
led. Need 10 
-sonic sonde 

de 
0’ 
e 

CS-2AA Sou 
Cott 

uth Fork 
tonwood 

Upstreamm Pas 
F 
ssive Sample 
Flow Gauge 

er, 6’ Ultr 
instal 
Ultra-

rasonic sond 
led. Need 10 
-sonic sonde 

de 
0’ 
e 

CS-2BB Sou 
Cott 

uth Fork 
tonwood 

Upstreamm Pas 
F 
ssive Sample 
Flow Gauge 

er, 6’ Ultr 
instal 
Ultra-

rasonic sond 
led. Need 10 
-sonic sonde 

de 
0’ 
e 

CNS-1 Cotttonwood Downstreaam Pas 
F 
ssive Sample 
Flow Gauge 

er, 6’ Ultr 
instal 
Ultra-

rasonic sond 
led. Need 10 
-sonic sonde 

de 
0’ 
e 
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Figure 4. Schematiic of Single SStage Samppler. 
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Figgure 5. Scheematic of Creest Gauge. 
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Figurre 6. Example of 4-foot ddiameter culvvert station uused to housse flow meteer equipmen t. 

2 Analyssis of waterr quality datta collectedd from thesee sites sincee installatioon. 
MMCo coontracted witth Norwest CCorporation to produce aan analysis oof data collected from the 
surface wwater stationns and grounndwater monnitoring wellss installed sinnce 2012. TThe report is 
included as Appendixx 6 Hydrologgy Report forr OSMRE CHHIA Update..   The forma t of the repoort is 
identical to the Navajjo Mine Hydrrology Repoort that is subbmitted twicee each permmit term to 
OSMRE.   The monitooring data haas been upddated throughh Septembeer of 2014, annd emphasiss of 
analysis is on data coollected betwween 2012 aand Septembber, 2014.  HHistorical anaalysis is incluuded 
for comparative purposes. 

3 Ongoiing work to fulfil monittoring requi rements.  
3.1 Groundwater MMonitoring 
MMCo suubmitted appplication for wwater use peermits to thee Navajo Nattion Water CCode 
Administration on Seeptember 24,, 2012, to insstall alluvial monitoring wwells CA-1 uupstream andd 
CA-6 dowwnstream of the Navajo Mine lease. MMCo subbsequently coontracted fo r the 
performaance of biolo gical and arcchaeologica l surveys annd received cconditional aapproval for 
constructtion from Naavajo Nation Fish and Wiildlife on Jannuary 30, 20 13 and a cu ltural resourrces 
compliannce form fromm the Navajoo Nation Histtoric Preservvation Deparrtment on Jaanuary 29, 2 013. 
MMCo reeceived apprroval from  N avajo Nationn Water Codde Administraation to drill both CA-1 aand 
CA-6 on April 15, 20113, for duration of 1 yearr, expiring onn April 15, 2 014. MMCoo will need too 
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renew this drilling pe rmit. MMCoo also receiveed the permmit for water uuse from botth CA-1 and CA-
6 on Apriil 15, 2013 foor the duratioon of 5 yearss, expiring o on April 15, 22018. 

In early 22013, MMCoo consulted wwith Navajo NNation Envirronmental P rotection Agency (NNEPPA) 
and Bureeau of Indiann Affairs (BIAA) for the off--lease monit oring wells aand was insttructed that aa 
Right of WWay (ROW) for the propposed monitooring well sit tes should bee obtained. In March 20013, 
MMCo suubmitted a RROW applicaation packag e to the BIAA and the Navvajo Nation for review annd 
approval . In Octoberr 2013, MMCCo was infor med by Bureeau of Indiann Affairs (BIAA) Reality Offfice 
that a Caategorical Exxclusion (CattEx) would bbe necessaryy to grant appproval for acccess to the 
wells. A CatEx was pprepared by Ecosphere Environmenntal Inc. and submitted laater that monnth 
(October 24, 2013) too BIA Divisioon of Environnmental, Culltural and Saafety Management.  MMCo 
was thenn informed byy the Navajoo Nation Lan d Office thatt ROW appliications requuire an 
Environmmental Assesssment (EA). Additionally, MMCo waas informed that the ROOW was not 
required for permitting the monitooring wells aand instead aa Revocablee Use Permitt (RUP) wou ld be 
required. Numerous correspondences and cconsultationss were conduucted - in peerson, by phoone, 
letter, and email to deetermine thee correct couurse of actionn for the per mitting proceess through the 
remaindeer of 2013 annd into 2014. 

MMCo coonducted ann in-person mmeeting in Juune 2014 witth BIA Realitty Office andd the Navajoo 
Nation Laand Departmment to get aa final determmination on t the permittin g process too gain acces s to 
the sites of the propoosed monitorring wells. AAt this meetinng the BIA aand Navajo NNation partiees 
concludeed that the RRUP would, inn fact, be thee appropriatee process too undertake tto gain acce ss to 
CA-1 andd CA-6. MMM itted the appplication pac rCo re-submm ckage as an RUP, in person, in 
Novembeer 2014.  Hoowever, at th is time, the RRUP applicaation packag ge is still under review wiith 
Navajo NNation with c ontinued unccertainty whether it will pproceed as aan RUP or go back to ann 
ROW. OOnce the deppartments arrive at an aggreement, a ffinal permit ccan be issueed, and the wwells 
will be insstalled. 

3.2 Surfaface Water MMonitoring 
MMCo innstalled five ((5) ISCO Ulttrasonic floww samplers at surface waater monitorinng stations oon 
the Cottoonwood Arroyo in early wwinter 2013.  The data froom the first fflows, recordded in April 22014, 
indicatedd that the floww sensors wwere only colllecting data at peak floww and not loww flow.  A 
conversaation with thee manufacturrer’s represeentative indiccated that MMMCo had puurchased sondes 
with a sixx foot sonic eemission andd detection rrange.  The hheight of thee culverts reqquires a sonde 
with a tenn foot range .   MMCo is inn the processs of purchassing new so ndes to instaall in the 
Cottonwoood stations. 

MMCo mmaintains a RRUP for surfaace water saampling at C D-1A.  At thiis location, aa large culveert 
passes uunder Navajoo Highway 30005. MMCoo estimates t that this RUPP was last uttilized for 
installatioon of flow meeasurement equipment aat the Chind e culvert sommetime arouund 1999.  MMMCo 
is investiggating whethher the RUP  allows it to install flow mmonitoring eqquipment beeside the cul vert, 
in a smalll parking areea on the weest side of thhe road, or att the crest off the culvert..  Upon final 
determination, either a 4-foot culvvert station wwill be instal led adjacentt to the Chin de Arroyo 
(Figure 1), or a meta l box will be  welded to thhe top of the e highway cuulvert, to houuse the flow 
monitorinng equipmennt. Further ppermitting witth the Navaj o Nation maay also be neecessary. 
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Appendiices  
Appendixx 1: Section 5.2.1.1 Mon itoring Progrram Updatess, from the 22012 Cumulaative Hydroloogic 
Impact AAssessment oof the BHP BBilliton Nava jjo Coal Commpany [sic] NNavajo Mine  

Appendixx 2: Norwestt Corporationn - Technica l Memorand dum: Compleetion and Deevelopment oof 
2012 Navvajo Mine G roundwater Monitoring WWells  

Appendixx 3: Norwestt Corporationn - Technica l Memo: Navvajo Mine MMonitoring Weell CA-2 
Installatioon 

Appendixx 4: Norwestt Corporationn - Technica l Memo: Navvajo Mine MMonitoring Weell CWA-1A 
Replacemment with CWWA-1B 

Appendixx 5: Letter_1 20626_Grouundwater Weell Drilling annd Surface WWater Monitooring Site Sttatus  

Appendixx 6: Ground and Surfacee Water Quality Monitorinng Results aand Analysiss 
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Appendiix 1: Sectionn 5.2.1.1 Mo nitoring Proggram Updatees, from the 2012 Cumu lative 
HydrologgicImpact Assessment off the BHP Biilliton Navajoo Coal Comppany [sic] Naavajo Mine 
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cation/anion balance for quality assurance. Additional monitoring parameters, are only used if the 
reference criteria are exceeded, and are found in the Navajo Mine PAP, Chapter 6, Section 6.6.13.2 and 
footnote 1 of  Table 6.5 Additional monitoring parameters include iron, manganese, nitrate, and boron. 
Table 6.5 lists the reference cri teria. OSMRE finds that the groundwater monitoring program has supplied 
sufficient information to support the required evaluation for material damage potential  in this CHIA. 

5.2.1.1  Monitoring Program Updates 
Monitoring programs are periodically updated to enhance the available data sets for predictive analysis. 
OSMRE recently approved enhancements to the hydrologic monitoring program proposed by BNCC.  
Monitoring program enhancements are outlined below (BNCC 2012): 

Surface Water: 
1. 	 Chinde Wash 

a. 	 One continuous flow gauge will be installed upstream, off lease in the proximity of  
agricultural fields. 

b. 	 One continuous flow gauge will be installed on-lease, downstream of the "big fill" 
2. 	 Cottonwood Arroyo 

a. 	 Four upstream flow gauges will be  installed  (one each) along the North Fork, Middle 
Fork and two branches of the South Fork 

i. 	 Above mentioned upstream gauges will be installed at  the outfall of culverts 
along the proposed Burnham Road re-route 

b. 	 One downstream flow gauge will be installed on an already existing cable structure 
across the channel; periodic channel surveys will confirm accurate channel cross section 

c. 	 All stations will consist of flow meters to sample flow  quantity and water samplers for 
water quality analysis  

3. 	 Implementation Schedule 
a. 	 Chinde gauges upon approval of off-lease monitoring 
b. 	 Cottonwood upstream gauges dependent on permit  approval and construction schedule of  

Burnham Road re-route; proposed for  June 2012 (North Fork) and October 2012 (Middle 
and South Fork) 

c. 	 Cottonwood downstream  monitoring scheduled for completion in May 2012 

Groundwater: 
1. 	 Bitsui Area – used on part  to evaluate the Area I groundwater model 

a. 	 Existing well Bitsui-2 will be used for #8 seam groundwater level monitoring and for 
groundwater sampling. 

b. 	 Existing wells KF84-16 and KF83-1 will be used for monitoring #8 seam groundwater  
levels. 

2. 	 Chinde Wash Area  
a. 	 One off-lease, upstream pre-packed well (CA-1) will be installed via hand augur 
b. 	 CA-2 will be  installed near the lease boundary as a well to monitor water quality of 

Chinde Arroyo up gradient  of mining activities. 
c. 	 One off-lease, downstream  pre-packed well (CA-6) may be installed via hand augur; this 

will be replaced by a drilled well once final approvals have been acquired  
d. 	 Three piezometers (CA-3,  CA-4, CA-5) will be  installed in  the "big fill" wetland  area 
e. 	 All Chinde wells and piezometers will be monitored quarterly for a period of two years, 

followed by an assessment  of continued monitoring frequency. 
3. 	 Cottonwood Arroyo Area 

a. 	 A new alluvial well (proposed CWA-4) will be installed to replace the hand-dug, dry well 
QACW-2B along the main Cottonwood Arroyo just south of Dixon. 
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b. 	 A new alluvial well (proposed CWA-1) will be installed to replace the abandoned well 
GM-17 along the North Fork of the Cottonwood Arroyo  just inside the lease boundary.  

c. 	 Two new alluvial wells (proposed CWA-2 and CWA-3) will be installed along the Main  
Fork and South Fork, respectively, of the Cottonwood Arroyo near the lease boundary. 

d.	  Two new Fruitland wells (proposed KF-1 #3 and KF-1 #8) will  be installed on the 
northwest side of Area IV North near the lease boundary. These will be used to evaluate 
Area IV north groundwater  model predictions of drawdown, recharge and TDS transport.  
Monitoring of the No. 3 and No. 8 coal seam should provide information about potential  
impacts prior to influences on the alluvial water system, which will be protective of 
downstream alluvial users on the Cottonwood and Chaco. 

4. 	 Groundwater Reference Criteria  
a. 	 Criteria will be recalculated using the entire set of baseline data  from  10/17/2011 
b. 	 Reference criteria will be established for QACW-2 
c. 	 QACW-2B is a dry, unsuitable hand-dug well and will  be replaced by well CWA-4; new  

reference criteria will be developed for well CWA-4 
d.	  GM-17 well will be replaced by proposed well CWA-1; local variation in natural soil  

properties precludes comparing these two wells as being chemically equivalent  so new  
reference criteria will be developed for CWA-1 

e. 	 Reference criteria are based on the median + 2 median  absolute deviations for the 
baseline monitoring data through year 2001; detection values are calculated as the 
product of 0.5 and the detection limit  

f. 	 Reference Criteria have been established for well QACW-2 as requested; detection  
values were  calculated as the product of 0.5 and the detection limit. 

5. 	 Implementation Schedule 
a. 	 All replacement wells, with the exception of CA-6, are scheduled to be installed during  

April and May of 2012 
b. 	 Chinde downstream drilled  well CA-6 will be installed  when necessary approvals are 

acquired  
c. 	 Well development is  scheduled to be completed during June, 2012 
d. 	 The monitoring plan  revision to  the permit is planned  for submittal in August, 2012  

Modifications to the Chinde alluvial monitoring are particularly important in light  of the potential mining  
related impacts to this  system discussed in section 5.3.7.1.2.2. The objective of these new  monitoring  
locations is  to characterize and monitor hydrogeologic conditions of the Chinde Alluvium as follows: 

The first monitoring location would be a drive point well  that would be installed down-gradient of the 
NAPI fields and up-gradient of the wetland east of the mine lease. The purpose of  this monitoring  
location would be to assess the groundwater quality immediately down-gradient of NAPI. 

x 	 The second monitoring location would be a well installed adjacent to the wetland  east and up-
gradient of the mining activities. The purpose of this well would be to monitor water quality  
immediately  up-gradient of mining activities. 

x 	 The third monitoring location would be a well installed in  the Chinde Wash down-gradient of  
existing well QAC-1. The purpose of this well would be to monitor water quality down-gradient  
of the mine.  Since this monitoring location is located  off-lease it is anticipated  that installation  
will be delayed due to the approvals that must be obtained.  BNCC is proposing that a drive point 
be installed prior to well installation to expedite the collection of data. Once the necessary  
approvals are acquired for the monitoring location, the drive point will be removed and replaced 
with a monitoring well.  

x 	 The remaining three new monitoring locations would be installed in the wetland immediately up-
gradient  of  the Big Fill. The purpose of these is to monitor potential  impacts of the wetland on  
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alluvial water quality, and to monitor groundwater elevations and enable groundwater flow 
direction to be determined. 

BNCC proposes to sample these six new monitoring locations for a period of two years, after which 
BNCC will discuss with OSMRE the efficacy of continued monitoring of the new monitoring wells. 
These proposed additions are outlined in Table 6 and approximate locations are shown in Figure 22. 

Table 6: Proposed Chinde Alluvium Monitoring (BNCC 2012) 

Target 
Unit 

Well 
Designatio 

n 
General Location Monitoring 

Type Screen Interval Sampling 
Frequency 

Top of 
competent 
bedrock 

CA-1 
Chinde Wash – 
downgradient of 

NAPI 
Drive Point Dependent on refusal 

Quarterly 

CA-2 
Chinde Wash – 

adjacent to wetland 
east of mine lease Monitoring 

Well 

Varies – 5’ above the 
water table plus thickness 

of aquifer CA-3* Chinde Wash – 
wetland on lease Alluvium CA-4* 

CA-5* 

CA-6 
Chinde Wash – 
downgradient of 

mine lease 

Drivepoint/ 
Monitoring 

well 

Dependent on refusal/ 
Varies – 5’ above the 

water table plus thickness 
of aquifer 

*Water level measurements only 

5.3  Impact Assessment
The assessment presented in Chapter 5 of this document considers available quantity and quality  
information related to surface water and groundwater potentially affected by BNCC operations. The 
assessment approach used for each resource is  outlined in  Table 7. Impact assessment  relied upon analysis  
of monitoring data, several  models, relevant published and unpublished reports and papers, experience 
from past mining and reclamation operations at Navajo Mine and other mines located along the western 
rim of the San Juan Watershed, as well as observations made by BNCC and OSMRE staff during the day-
to-day operations and regulation of the mine. Impacts are designated as negligible, minor, moderate or  
major as defined in  Table 7. Table 7 also outlines current minimize techniques and updates to the BNCC 
monitoring program. 
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950 SOUTH CHERRY STREET, SUITE 800 
DENVER, CO 80246 

TEL: (303) 782-0164 FAX: (303) 782-2560 

TECHNICAL MEMORANDUM 

To Jeff Mattern, BHP Billiton New Mexico Coal Ref # 350-15-TM-DRAFT 

CC Art O’Hayre Date August 17, 2012 

From Landon Beck and Orion Cannon 

Subject Completion and Development of 2012 Navajo Mine Groundwater Monitoring Wells 

This technical memorandum documents field activities conducted for the completion and development of 
groundwater monitoring wells at the Navajo Mine during the spring of 2012.  The following supervision 
and documentation activities were performed by Norwest Corporation: 

x	 Detailed notes of all field activities 
x	 Supervised drilling of soil borings 
x	 Selected well screen intervals from drilling logs 
x	 Supervised monitoring well installation and development 
x	 Prepared figures, data tables, bore logs, and well installation reports (attached). 

Two separate phases of well installation and associated sampling work were performed at the Navajo 
Mine in the spring of 2012.  These were: 

1.	 Drilling, logging of core samples, and installation of 1.5 inch PVC alluvial monitoring wells with 
pre-packed well screens. 

2.	 Drilling, logging of core samples, and installation of 2 and 4 inch PVC coal seam monitoring 
wells. 

Figure 1 shows where these monitoring wells were installed at the Navajo Mine.  A summary of each 
investigative drilling and well installation works performed are presented in the remainder of the 
memorandum. 
� 
Monitoring�and�Observation�Well�Installation� 

Field Activity Period 

Activity Start Complete 
Survey and stake planned well locations March 2012 March 2012 
Install 8 wells using Geoprobe 10 March ‘12 22 March ‘12 
Install 5 wells using a Sonic drill rig 10 April ‘12 13 May ‘12 
Develop monitoring wells 5 June ‘12 7 June ‘12 

DENVER / CALGARY / VANCOUVER / SALT LAKE CITY / GRAND JUNCTION / CHARLESTON WV / NEWCASTLE 
WWW.NORWESTCORP.COM 

http:WWW.NORWESTCORP.COM
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Methodology 
� � 

Survey: 
x The proposed well installation locations were staked by BHP-Billiton prior to 

commencement of the drilling and well installation program.   
x	 The locations of the 1.5 inch monitoring wells drilled with the Geoprobe 6610DT track-

mounted drill rig (simply referred to as the Geoprobe drill rig from here on) were 
surveyed by BHP-Billiton after completion of the first drilling program.  The locations of 
the larger, 2 and 4 inch wells installed with a sonic rotary rig have also been surveyed.   

x	 The locations of the monitoring wells are shown on Figure 1. 

Well Installation (Geoprobe Drill Rig): 
x	 A relatively small and maneuverable Geoprobe drill rig (Figure 2) was used to drill, 

collect core samples, and install monitoring wells during the first of two phases of the 
monitoring well installation program.  A total of 8 wells were installed with the Geoprobe  
drill rig. 

x	 Monitoring wells were constructed using 1.5 inch diameter PVC risers and pre-packed 
screen sections.  The pre-packed screen sections are made of standard 1.5 inch PVC 
slotted screen pipe that are wrapped with stainless steel mesh.  Filter sand is neatly packed 
between the stainless steel mesh and the 1.5 inch PVC slotted screen pipe.  

x Attachment 1 shows well construction details and lithology that was encountered during 
drilling of each of these 8 wells.  

x Monitoring wells were completed to design specifications, including surface completions. 
Figure 5 shows typical surface completion details for monitoring wells.    

x Monitoring well details including total depth and depth to water are summarized in Table  
1. 

x Two-inch diameter AMS sample tubes were used with a core barrel to take soil samples.  
Core sample tubes were split open to be photographed. 

x	 Field Lithology Log forms were used to record descriptions of soil/rock materials and  
water-bearing zones by  depth interval.  Unconsolidated soil materials were qualitatively  
classified using the Unified Soil Classification system, e.g., SP, poorly  graded sand.  
Color of soil and bedrock materials was visually identified using a Munsell color 
classification system chart, e.g., dark yellowish brown (10YR4/2). These descriptions 
have been transferred into the monitoring well installation reports; however the original  
field notes and hand-written field lithology logs have been scanned and included as 
Attachments 2 and 3, respectively. 

Well Installation (Sonic Rotary Drill Rig): 
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x A total of 5 monitoring wells were installed using a Sonic drilling method, a double-cased  

system using an inner core barrel and a larger override casing.  Monitoring wells were 
constructed from either 2 or 4 inch diameter PVC risers and screen sections. Figure 3 
shows a sonic drill rig. 

x Sample core, as shown in Figure 5, was extruded to be photographed and logged as 
shown. 

x Detailed field notes of activities at each location, including photograph subjects were 
recorded in an all-weather field book and scanned copies are included as Attachment 2. 

x Field Lithology Log forms were used to record descriptions of soil/rock materials and  
water-bearing zones by  depth interval in the same way as described in the Geoprobe Drill 
Rig section above. These forms are included as Attachment 3. 

x Depths to water measurements were collected, when there was water in the well, using a 
reel-type tape. 

x Field Well Installation Report forms were used to record well installation details. 
x Attachment 1 shows well construction details and lithology that was encountered during 

drilling for each of the 5 wells installed using a sonic rig. 

Well Development 
x	 A total of 9 wells were either developed or bailed dry; 3 wells were dry and were not 

developed. The five coal seam monitoring wells were each drilled into dry  bedrock 
formation. Because of difficult drilling conditions, water was used while drilling these 
wells. Due to the relatively low permeability of bedrock at the well completion intervals, 
stagnant potable drilling water was still present at the time of development approximately 
3 weeks later.  The water inside these three wells was bailed out as best as possible. 

x	 Details of the well development are included as Table 2. 
x	 The four wells installed in the lower Chinde wetlands were not developed by Norwest / 

Boart-Longyear and are therefore documented in this memorandum.  They were 
developed by another contractor that specializes in wetlands work. 

x	 Detailed field notes of activities at each location, including photograph subjects were 
recorded in an all-weather field book. 

x	 Depths to water measurements were taken using a standard water level indicator tape. 
x	 Development methods generally included bailing to purge settled and suspended solids  

followed by pumping to purge fine suspended solids until produced water was clear and  
purge parameters stabilized. 

x	 A minimum of three casing volumes of water was purged from wells with yields 
sufficient for pumping.  Low-yield wells were developed as best as possible under 
minimal well recovery conditions using a bailer.  Very low-yield wells with minimal  
saturated thickness and slow recovery rates were typically bailed dry three times with 
adequate time to recharge in-between. 
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TABLE�1
 
SOIL�BORING�AND�WELL�COMPLETION�SUMMARY
 

Soil�Bore Location 

Depth�to�First�� 
WaterͲProducing� 

Zone�(fgs)1 

Type�of�WaterͲ 
Producing�Zone� 

Depth�to� 
Bedrock� 
(fgs) 

Total� 
Depth� 
Drilled� 
(fgs) 

Water�Level�� 
When�Drilled� 

(fgs) 

Land� 
Surface� 
Elevation� 
(fmsl) 

Bore� 
Completion� 

Date 
Notes 

CAͲ3 Lower�Chinde�Wetlands 6.5 
Unconsolidated�clayey� 
sand�&�gravelly�sand 19.3 20 not�measured 5260.6 3/17/2012 Drill�rig�broke�down. 

CAͲ4 Lower�Chinde�Wetlands 10.5 
Unconsolidated�sandy�clay� 

&�clayey�sand 27.6 30 not�measured 5236.8 3/16/2012 

CAͲ5 Lower�Chinde�Wetlands 19 
Unconsolidated�sandy� 
gravel�&�silty�sand 54.1 55 not�measured 5252.1 3/14/2012 

CAEͲ7 Lower�Chinde�Wetlands 5 
Highly�weathered� 

sandstone 1.8 12 not�measured 5252.1 3/16/2012 
No�sandpack.�Hole�caved�in�to�a�depth�of� 
2'�during�well�installation. 

CWAͲ1a 
Cottonwood�Arroyo,�North� 

Fork 8 Unconsolidated�sand 11.5 14 not�measured 5351.0 3/12/2012 

CWAͲ2a 
Cottonwood�Arroyo,�North� 

Fork NA NA 9.9 13.5 dry 5316.3 3/11/2012 

CWAͲ3c 
Cottonwood�Arroyo,�South� 

Fork 9 
Unconsolidated�sandy� 

gravel�� 9 14.4 not�measured 5307.9 3/11/2012 

CWAͲ4 Cottonwood�Arroyo 23 
Unconsolidated�sandy� 
gravel�&�clayey�sand 27 29.5 not�measured 5257.0 3/10/2012 

KF3Ͳ12Ͳ1 Lowe�Highwall,�#3B�Seam NA NA 5 227.5 dry 5398.4 4/25/2012 
KF3Ͳ12Ͳ2 Area�IV�North,�#3�Seam NA NA 0 92.5 dry 5365.6 5/11/2012 
KF3Ͳ12Ͳ3 Area�IV�North,�#3�Seam NA NA 0.5 41 dry 5295.5 5/12/2012 
KF4Ͳ12Ͳ1 Lowe�Highwall,�#4�Seam NA NA 4 207.5 dry 5398.4 5/9/2012 
KF7Ͳ12Ͳ1 Lowe�Highwall,�#7�Seam NA NA 0 183.5 dry 5398.6 5/9/2012 

Footnotes: 
1�fgs�=�feet�below�ground�surface 
2�fmsl=feet�above�mean�sea�level 



TABLE�2
 
MONITORING�AND�OBSERVATION�WELL�DEVELOPMENT�SUMMARY
 

Well 
Type�of�WaterͲProducing� 

Zone� 
Development� 

Method 

Installed� 
Well� 
Depth� 
(fgs)�1���� 

Water�Level�� 
PreͲ 

Development� 
(fgs) 

Water� 
Column� 
(feet) 

PVC� 
Casing/� 
Screen� 

Diameter� 
(inches) 

Three� 
Casing� 
Volume�� 
(gallons) 

Volume� 
Purged� 
(gallons) 

Final� 
Pumping� 
Rate��� 
(gpm) 

Well� 
Development� 

Date 
Notes 

CAͲ3 
Unconsolidated�gravelly� 

sand 
Not�developed� 
by�Norwest 19.7 Not�measured 

Not� 
measured 1.5 ͲͲ ͲͲ NA NA 

Wells�in�the�Lower�Chinde�wetlands�not� 
developed�by�Norwest/BoartͲLongyear 

CAͲ4 
Unconsolidated�silty�sand� 

and�clayey�sand 
Not�developed� 
by�Norwest 27.7 Not�measured 

Not� 
measured 1.5 ͲͲ ͲͲ NA NA 

Wells�in�the�Lower�Chinde�wetlands�not� 
developed�by�Norwest/BoartͲLongyear 

CAͲ5 
Unconsolidated�gravelly� 

sand 
Not�developed� 
by�Norwest 53.3 Not�measured 

Not� 
measured 1.5 ͲͲ ͲͲ NA NA 

Wells�in�the�Lower�Chinde�wetlands�not� 
developed�by�Norwest/BoartͲLongyear 

CAEͲ7 
Highly�weathered� 

sandstone 
Not�developed� 
by�Norwest 9.0 Not�measured 

Not� 
measured 1.5 ͲͲ ͲͲ NA NA 

Wells�in�the�Lower�Chinde�wetlands�not� 
developed�by�Norwest/BoartͲLongyear 

CWAͲ1a 
Unconsolidated�poorly� 

graded�fine�sand Bail 11.2 10.5 0.7 1.5 0.4 4 NA 6/9/2012 
Minimal�saturated�thickness�and�slow�recharge.�� 
Bailed�dry�multiple�times. 

CWAͲ2a 
Unconsolidated�poorly� 

graded�fine�sand NA,�dry 10.2 Dry 0.0 1.5 0.0 NA NA NA 

CWAͲ3c 
Unconsolidated�fine�sand� 

and�sandy�gravel NA,�dry 10.2 Dry 0.0 1.5 0.0 NA NA NA 

CWAͲ4 
Unconsolidated�gravelly� 

sand Bail 26.8 25 1.8 1.5 0.9 5 NA 6/9/2012 
Minimal�saturated�thickness�and�slow�recharge.�� 
Bailed�dry�multiple�times. 

KF3Ͳ12Ͳ1 Coal 
Bail�out�drilling� 

water 225.1 Not�measured 
Not� 

measured 4 ͲͲ Bail�until�dry NA 6/5/2012 

KF3Ͳ12Ͳ2 Coal 
Bail�out�drilling� 

water 88.9 Not�measured 
Not� 

measured 2 ͲͲ Bail�until�dry NA 6/6/2012 

KF3Ͳ12Ͳ3 Coal NA,�dry 35.9 Dry 0.0 2  0.0  NA  NA NA 

KF4Ͳ12Ͳ1 Coal 
Bail�out�drilling� 

water 205.4 Not�measured 
Not� 

measured 2 ͲͲ Bail�until�dry NA 6/5/2012 

KF7Ͳ12Ͳ1 Coal 
Bail�out�drilling� 

water 178.9 Not�measured 
Not� 

measured 2 ͲͲ Bail�until�dry NA 6/5/2012 

BITSUIͲ2 unknown Bail�and�pump 123.0 60 63.0 2 32.1 80 2.00 6/6/2012 An�existing�well�previously�drilled. 

KF83Ͳ1 unknown Bail�and�pump 
Not� 

measured Not�measured 
Not� 

measured 4 ͲͲ 150 2.00 6/6/2012 An�existing�well�previously�drilled. 

KF84Ͳ16 unknown Bail�and�pump 294.0 110 184.0 2 93.8 120 NA 6/7/2012 An�existing�well�previously�drilled. 
Footnotes: 
1�fgs�=�feet�below�ground�surface 
2�ftoc�=�feet�below�top�of�PVC�casing;�toc�is�measuring�point�for�all�depth�measurements 
3�fmsl�=�feet�above�mean�sea�level 
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Figure 3
 

Boart-Longyear Drillers and Geoprobe 6610DT Drill Rig 


Figure 4
 
Sonic Rotary Rig and Support Rig 




 

 
 

Figure 4
 
Completed Well with Protective Well Cover and Bollards 


Figure 5
 
Sonic Rotary Rig Extruded Samples
 



 Figure 6
 
Typical Well Head Completion Diagram 
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950 SOUTH CHERRY STREET, SUITE 800 

DENVER, CO 80246 

TEL: (303) 782-0164 FAX: (303) 782-2560 

TECHNICAL MEMORANDUM  
To Edward Epp, BHP Billiton New Mexico Coal Ref # 350-22-TM-FINAL 

CC Art O’Hayre Date January 22, 2014 

From Landon Beck 

Subject Navajo Mine Monitoring Well CA-2 Installation 

This technical memorandum (TM) documents the field activities conducted for the installation of the 
alluvial monitoring well CA-2, located in the Chinde Wetland at the BHP Billiton Navajo Mine.  Due to 
the wetland environment in which CA-2 was to be located, access by traditional or even track-mounted 
Geoprobe, sonic or rotary drill rigs was not a feasible option. With the expected shallow target interval 
depth, a hand auger system was used to bore the hole and the screen and casing was installed by hand. The 
following were supervision activities and work performed by Norwest Corporation for this program: 

•	 Conducted soil augering at CA-2; collected and described cuttings samples. 

•	 Designed and installed 2” PVC monitoring well into augered hole as CA-2. 

•	 Prepared location map figure, well installation report and lithology log. (attached) 

The following  Location Map shows CA-2, completed in 2013 as well as the rest of the monitoring wells  
that were completed at the Navajo  Mine in 2012-2013.  
 

Monitoring Well Installation  
� 
Field Activity Period  
 

Activity Start Complete 
Auger, sample, and log (1) 2-1/4” hole, 
complete as 2” PVC monitoring well (CA-2)  

23 April 2013 23 April 2013 

� 
Methodology  

� � 
Preparation:  

• 	 The CA-2  monitoring well location was intended to monitor the alluvium below  the  
Chinde Wetland area therefore a location was targeted with consideration to be within  
reasonable proximity to the existing adjacent alluvial channel.   

• 	 The final location of the CA-2 was selected and bored with onsite consensus of BHP  
Billiton New Mexico Coal and Norwest representation in consideration of safe work  
access during installation and future monitoring activities.  

DENVER / DURANGO / GRAND JUNCTION / TRINIDAD / SALT LAKE CITY / CHARLESTON / PITTSBURGH / CALGARY / VANCOUVER 
WWW.NORWESTCORP.COM 
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CA-2 Installation:  

• 	 The Location Map shows the location of CA-2.  The survey data for CA-2 with elevation  
at ground surface is:  

 

 
  

  
 

   
 

 

 
 

 

   
  

 
 

 

  
 
 
 

   
 
 
 
 
 

   

  

  
   

   

   
  

TECHNICAL MEMORANDUM  

EĂŵĞ� EŽƌƚŚŝŶŐ� �ĂƐƚŝŶŐ� �ůĞǀĂƚŝŽŶ� 
��ͲϮ� ϮϬϰϴϵϱϭ� ϯϭϲϵϲϳ� ϱϯϮϭ͘ϯϳ�Ĩƚ�ĂŵƐů� 

WƌŽũĞĐƚŝŽŶ͗�^ƚĂƚĞ�WůĂŶĞ����ĂƚƵŵ͗�E��Ϯϳ����ŽŶĞ͗�EĞǁ�DĞǆŝĐŽ�tĞƐƚ���hŶŝƚƐ͗�&ĞĞƚ� 

•	 One 2-1/4” soil boring was bored using an AMS Regular Soil Auger, with quick-connect 
rods as a hand-operated system. 

•	 Two-inch diameter AMS auger samples were retrieved with every approximate one foot 
of advance vertically into the undisturbed subsurface soil. 

•	 A Field Lithology Log form was used to record descriptions of soil materials and 
document presence of water-bearing zones by depth interval and is presented in the 
attached Lithology Log. 

•	 The soil boring was advanced until penetrating substantially into a sand aquifer from 10.5 
to 12.75 feet below ground surface (ftbgs).  The total depth of boring was limited by 
collapsing borehole conditions within this sand aquifer. 

•	 Saturated conditions were documented beginning at surface, in fact the boring location 
was in standing water approximately 0.5 feet in depth. This water flowed into the 
borehole during boring but quickly equalized as the clay interval was very impermeable; 
however it was clear from observation of the clay cuttings that from surface to 10.5 ftbgs 
this clay was naturally saturated. 

•	 The well installation details are presented in the attached Well Installation Report; the 
well was completed with 2” flush joint schedule 40 PVC casing and screen.  The screen 
section is factory-slotted 0.01”.  A natural filter pack was utilized, consisting of the 
formation sand encountered from 10.5 to 12.75 ftbgs collapsing around the screen section. 

•	 A 4-1/2” X 6’ locking steel casing wellhead protector was set into place to a depth of 3 
ftbgs centered within the hand-dug 8” diameter X 2.5’ deep starter hole.  This slipped over 
the 2” PVC wellhead extending above ground surface.  3/8” bentonite chips were installed 
inside and outside of the wellhead protector in order to seal the surface water from the 
completion interval. As the bentonite was installed into standing water, it instantly 
hydrated.  Furthermore, the clays encountered from surface to 10.5 ftbgs certainly swelled 
to seal against the 2-3/8” outer diameter of the PVC well casing. 

•	 A 2’ X 2’ X 4” concrete pad was installed around the wellhead protector. Photo 1 & 2. 

•	 This annular seal was confirmed by a CA-2 depth to water level measurement 1 hour after 
bentonite hydration that was 4.53 ftbgs and falling. The water was still standing in the 
wetland so at this time there was already a 4.53’ head difference from surface to the 
screened aquifer.  

•	 No bollards were installed as the location is within a wetland and no vehicle traffic could 
reach the well to impact it. 

PAGE 2 OF 11 



 

TECHNICAL MEMORANDUM
  
• 	 Detailed field notes of activities at each location, including photograph subjects were  

recorded in an all-weather field book. 
 

Closing:  
 

• 	 BHP Billiton New  Mexico Coal to file this monitoring well installation  TM of CA-2 with  
New Mexico Mining and Minerals Division (MMD) as well as complete internal  
documentation of the installation.  
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In accordance with 30 CFR 773(d)(3)(i) the 
lithology/ formation is confidential and has been 
removed by BHP Billiton Mine Management 
Company. 
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Well No.  CA-2 Norwest Geologist/Supervisor  Landon Beck 
Drilling Co.: Norwest Corp Driller: Landon Beck Drilling Method: Hand Auger - 2-1/4" 

Date Commenced: 4/23/13 Date Completed: 4/23/13 TD 12.5  ft  

Ground Elev. 5321.37 ft  MSL Pad Elev. 5,321.37 ft  MSL 

Location Navajo Mine - Chinde Wetlands - Northing 2048951, Easting 316967 

Top 
(fbgs) 

Bottom 
(fbgs) Description 

0.0 6.0 Clay, organic, saturated, light brown, some plant debris. 

6.0 10.5 Clay, silty, saturated, light brown. 

10.5 12.75 
Sand, fine to medium-grained, subangular, fair sorting, some clay but likely sample 
contamination (slough) from overlying zones, saturated, medium light brown. 

12.75 TD Total depth drilled. 
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Photo 1.  CA-2 Completed Wellhead 

Photo 2. CA-2 SCH 40 2” Flush Joint PVC Casing Inside Locking 4-1/2” Steel Casing Wellhead 
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950 SOUTH CHERRY STREET, SUITE 800 

DENVER, CO 80246 

TEL: (303) 782-0164 FAX: (303) 782-2560 

TECHNICAL MEMORANDUM  
To Edward Epp, BHP Billiton New Mexico Coal Ref # 350-23-TM-FINAL 

CC Art O’Hayre Date January 22, 2014 

From Landon Beck 

Subject Navajo Mine Monitoring Well CWA-1A Replacement with CWA-1B 

This technical memorandum (TM) documents the field activities conducted for the replacement of alluvial 
monitoring well CWA-1A with CWA-1B.  CWA-1A was completely silted-in during a major storm event 
that overtopped the well. The following were supervision activities and work performed by Norwest 
Corporation for this program: 

•	 Supervised direct-push drilling of CWA-1B; collected, described, and photographed core 
samples. 

•	 Designed and supervised well installation. 

•	 Supervised abandonment of CWA-1A. 

•	 Prepared location map figure, well installation report and lithology log. (attached) 

The following  Location Map shows CWA-1A, completed in 2012 and its replacement CWA-1B as well 
as the rest of the monitoring wells that were completed at the Navajo Mine in 2012. 
 

Monitoring Well Replacement  
� 
Field Activity Period  
 

Activity Start Complete 
Drill, sample, and log 1 direct push drill hole, 
complete as 2” PVC monitoring well (CWA­
1B) and abandon CWA-1A 

25 March 2013 25 March 2013 

� 
Methodology  

� � 
Preparation:  

• 	 CWA-1B is a replacement monitoring well therefore its’ location was to be as near as  
reasonably possible to CWA-1A, targeting the same alluvial aquifer yet in a location less  
vulnerable to flooding.   

DENVER / DURANGO / GRAND JUNCTION / TRINIDAD / SALT LAKE CITY / CHARLESTON / PITTSBURGH / CALGARY / VANCOUVER 
WWW.NORWESTCORP.COM 

http:WWW.NORWESTCORP.COM


 

 
  

  

   
 

  
  

 
 

  

    
 
 

  
 

 

  
 

  

 

CWA-1A: 
• 	 The original CWA-1A Well Installation Report follows in the Well Installation Report  

section.  

• 	 The 6” X 6’ steel wellhead protector was pulled from the ground with a backhoe.  
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TECHNICAL MEMORANDUM
  
• 	 The final location of the CWA-1B was selected and drilled with onsite consensus of BHP  

Billiton New Mexico Coal, Norwest and Boart Longyear representation in consideration  
of safe work access during  installation and future monitoring activities.  

 
CWA-1B: 

• 	 The Location Map shows the final location of CWA-1B.  The relative distances between 
the abandoned CWA-1A and replacement CWA-1B have been exaggerated to ease  
identification on this map.  The survey location of CWA-1B with elevation at ground  
surface is:  

EĂŵĞ� EŽƌƚŚŝŶŐ� �ĂƐƚŝŶŐ� �ůĞǀĂƚŝŽŶ� 
�t�Ͳϭ�� ϮϬϭϮϵϱϵ� ϯϬϵϬϱϮ͘ϯ� ϱϯϱϯ͘ϴϰ�Ĩƚ�ĂŵƐů� 

WƌŽũĞĐƚŝŽŶ͗�^ƚĂƚĞ�WůĂŶĞ����ĂƚƵŵ͗�E��Ϯϳ����ŽŶĞ͗�EĞǁ�DĞǆŝĐŽ�tĞƐƚ���hŶŝƚƐ͗�&ĞĞƚ� 

•	 One 3” soil boring was advanced using a Geoprobe truck-mounted direct push drill rig, 
allowing continuous sample collection to total depth. See Photo 1 of the Geoprobe. 

•	 A Field Lithology Log form was used to record descriptions of soil materials and 
document presence of water-bearing zones by depth interval and is presented in the 
attached Lithology Log. 

•	 Unconsolidated soil materials were qualitatively classified using the Unified Soil 
Classification system, e.g., SP, poorly graded sand.  Color of soil materials was visually 
identified using a Munsell color classification system chart, e.g., dark yellowish brown 
(10YR4/2). 

•	 Two-inch diameter AMS sample tubes were used together to sample soils.  Core sample 
tubes were split open to be described and photographed. 

•	 The soil boring was advanced until penetrating substantially below alluvium (1.6 feet) 
into weathered bedrock at 15.0 feet below ground surface. Saturated conditions were 
documented beginning at 6 feet below ground surface. 

•	 The well installation details are presented in the attached Well Installation Report; the 
well was completed with 2” flush joint schedule 40 PVC casing and screen.  The screen is 
factory-slotted 0.01” with an annular filter pack consisting of #2-/16 silica sand. 

•	 A new 6” X 6’ square steel wellhead protector was pressed into place over the 2” PVC 
wellhead extending above ground surface.  The four bollards from CWA-1A were 
salvaged and installed to protect the wellhead at CWA-1B.  See Photo 2. 

•	 Detailed field notes of activities at each location, including photograph subjects were 
recorded in an all-weather field book. 



 

 

 

 

  
 

 

 

TECHNICAL MEMORANDUM  
• 	 The entire 14.2’ length of 1.5” PVC well casing was pulled from the ground in one  

section with the backhoe.  The hole immediately collapsed upon itself as the casing was  
withdrawn; this is an effective and acceptable means of well abandonment for CWA-1A.   

• 	 The Location Map shows the location of the abandoned CWA-1A.  The relative  
distances between the abandoned CWA-1A and replacement CWA-1B have been  
exaggerated to ease identification on this map.  The survey location of the abandoned  
CWA-1A with elevation at  ground surface is:  

EĂŵĞ� EŽƌƚŚŝŶŐ� �ĂƐƚŝŶŐ� �ůĞǀĂƚŝŽŶ� 
�t�Ͳϭ�� ϮϬϭϮϵϰϬ� ϯϬϵϬϳϱ͘ϰ� ϱϯϱϰ�Ĩƚ�ĂŵƐů� 

WƌŽũĞĐƚŝŽŶ͗�^ƚĂƚĞ�WůĂŶĞ����ĂƚƵŵ͗�E��Ϯϳ����ŽŶĞ͗�EĞǁ�DĞǆŝĐŽ�tĞƐƚ���hŶŝƚƐ͗�&ĞĞƚ� 

•	 The old casing and steel wellhead protector were removed from the location and properly 
disposed.  

Closing:  

• 	 BHP Billiton New Mexico Coal to file this well installation and abandonment TM with  
New Mexico Mining and Minerals Division (MMD) as well as complete internal  
documentation of the installation of CWA-1B and abandonment of monitoring well  
CWA-1A.  
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In accordance with 30 CFR 773.6(d)(3)(i) the 
lithology/ formation is confidential and has been 
removed by BHP Billiton Mine Management 
Company. 



In accordance with 30 CFR 773.6(d)(3)(i) the 
lithology/ formation is confidential and has been 
removed by BHP Billiton Mine Management 
Company. 
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Well No.  CWA-1B Norwest Geologist/Supervisor  Landon Beck 
Drilling Co.: Boart Longyear Driller: Don Hansen Drilling Method: Direct-push  - Geoprobe, 3" 

Date Commenced: 3/25/13 Date Completed: 3/25/13 TD 15.0  ft  

Ground Elev. 5,353.84 ft  MSL Pad Elev. 5,353.84 ft  MSL 

Location Navajo Mine - Cottonwood Arroyo - N 2012959, E 309052.3 

Top 
(fbgs) 

Bottom 
(fbgs) Description 

0.0 2.5 Sand, very fine to fine, well sorted (wind blown), moderate yellowish brown (10YR 5/4), dry. 

2.5 4.0 Sand, silty, some wood/plant material, moderate yellowish brown (10YR 5/4), moist/damp. 

4.0 5.0 Clay, silty, moderate yellowish brown (10YR 5/4). 

5.0 13.4 Sand, fine, well sorted, moderate yellowish brown (10YR/5/4), saturated beginning at 6 feet. 

13.4 15.0 Claystone, weathered, light olive gray (5Y5/2), damp but not saturated. 

15.0 TD Total depth drilled. 
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Photo 1.  Boart Longyear Geoprobe Mounted on Ford F-550 Box Truck 

Photo 2.  CWA-1B Completed 
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USPS 7009 0960 0000 9762 6896
 

BHP Navajo Coal Company 

BHP Billiton Limited 
BHP Navajo Coal Company 
PO Box 1717 
16 Miles South of Fruitland on CR 6675 
Fruitland, New Mexico 87416 USA June 26, 2012 Tel +1 505 598 4200 Fax +1 505 598 3361 
bhpbilliton.com 

Mr. Mychal Yellowman 
Navajo Mine Team Leader 
Indian Programs Branch 
Office of Surface Mining/Western Regional Coordinating Center 
1999 Broadway, Suite 3320 
Denver, Colorado 80202-3050 
myellowman@osmre.gov 

Re: Navajo Mine Permit Number NM-0003F;  
      Groundwater Well Drilling and Surface Water Monitoring Site Status 

Dear Mr. Yellowman, 

BHP Navajo Coal Company (BNCC) is submitting this letter to provide a status update on 
groundwater well drilling and surface water monitoring site installation at Navajo Mine.   

Bedrock Replacement Wells – Lowe Pit Highwall 
Due to expanded surface disturbance and Incidental Boundary Revision, three existing bedrock 
wells KF84-20A (#7 seam), KF84-20B (#4 seam), and KF84-20C (#3 seam) were abandoned.  
These have since been replaced by wells KF7-12-1 (#7 seam), KF4-12-1 (#4 seam) and KF3-12-1 
(#3 seam). Results from drilling indicate that all three of these seams are dry; this will be confirmed 
after well development that will take place in June 2012.  Monitoring of these wells will begin in 3rd 

Quarter 2012. 

New Bedrock Wells – Area IV North 
Two adjacent wells were originally planned in the northwest area of Area IV North, one to monitor 
the #8 seam and the other to monitor the #3 seam.  Examination of the geologic model in this area 
shows that the #8 seam is thin, discontinuous, and split into as many as four child seams.  Several 
communications between BNCC and OSM Hydrologists confirmed that installing adjacent wells in an 
upper seam (#8 or #7) and the lower #3 seam would not be possible due to geologic and operational 
constraints.  It was decided that two separate #3 seam wells would be installed, one in each of the 
OSM prescribed areas. Both of these wells (KF3-12-2 and KF3-12-3) were successfully installed. 

Alluvial Wells – Cottonwood Arroyo  
The following alluvial wells were completed in the Cottonwood Arroyo drainage area:  

x CWA-1: Installed adjacent to the main Cottonwood Arroyo, just inside the lease line in between 

A member of the BHP Billiton Group, which is headquartered in Australia 
Registered Office:  180 Lonsdale Street, Melbourne, Victoria 3000, Australia 
ABN 49 004 028 077 

mailto:myellowman@osmre.gov
http:bhpbilliton.com


 

 

 
 

 

Area III Dixon area and Area IV North.  This well replaces the hand-dug, dry well QACW-2B.  At 
completion of drilling this well had approximately seven feet of water in the well bottom; well 
development will occur during June 2012. 

x	 CWA-2: Installed in the upper reaches of the Middle Fork Cottonwood Arroyo.  This well is dry. 
CWA-3: Installed along the upper reaches of South Fork Cottonwood Arroyo.  Six inches of water 
was in the well bottom at end of drilling. The water level will be measured again, and 
development completed by hand if feasible. 

x	 CWA-4: Installed along the North Fork Cottonwood Arroyo upstream of the Burnham Road 

crossing as a replacement for well GM-17.  Six feet of water was measured in the well after 

drilling; well development will occur in June 2012. 


Alluvial Wells – Chinde Arroyo and Wetlands 
Three piezometers (CA-3, CA-4, CA-5) were installed in the “big fill” wetland area.  These wells will 
be developed by hand due to vehicle access restrictions.  

Two other off-lease wells, one upstream pre-packed well (CA-1) and one downstream pre-packed 
well (CA-6), will be installed via hand auger.  As discussed and agreed upon at the OSM – BNCC 
meeting on February 27, 2012, BNCC must necessarily wait for requisite approvals prior to installing 
monitoring sites off-lease. BNCC is currently working with the Navajo Department of Water 
Resources Water Code Administration to acquire the approvals.  Upon receipt of the required 
approvals, arrangements will be made for installation of these wells.  

Flow Monitoring on Chinde and Cottonwood Arroyos  
Seven ISCO 2110 Ultrasonic Flow Modules have been purchased and were delivered Monday, June 
4, 2012. Downstream monitoring stations on Cottonwood and Chinde will be installed first.  
Construction of the Burnham Road has commenced, and as the construction progresses, upstream 
Cottonwood stations will be installed in culverts beneath the road.  The upstream Chinde station will 
be installed once necessary permits and permissions have been acquired from the Navajo Nation 
EPA. Single Stage samplers will be installed in conjunction with each flow meter to collect water  
quality samples.  

Updates to the permit water monitoring plan revision are planned for submittal in August, 2012.  If 
you have any questions regarding this letter, please contact me at 505-598-2821 or 
Steven.R.Perkins@bhpbilliton.com. 

Sincerely, 

Steven Perkins 
Superintendent Environmental Permitting and Technical Services 

mailto:Steven.R.Perkins@bhpbilliton.com
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Hydrology Report For OSMRE’s CHIA Update February 26, 2015 

1.0 INTRODUCTION 

This report summarizes the results of hydrologic data collected for the monitoring period 

comprised of calendar year (CY) 2012, 2013 and CY 2014 through September.  The 

report also evaluates water quality and quantity trends of annual and quarterly hydrology 

data collected from 1985 through September 2014.  The type of data collected includes 

surface water quality and quantity, groundwater quality and quantity, and precipitation 

quantity. Hydrology quantity and quality data are presented in tables in this report, and 

in appendices at the end of this report. A detailed discussion of the hydrology monitoring 

program can be found in the Navajo Mine Electronic Permit NM0003F, Part 6 - Section 

42. 

1.1 Hydrologic Setting 

1.1.1 Surface Water  

Navajo Mine has collected surface water data derived from precipitation based runoff 

events and to Navajo Agricultural Products Industries (NAPI) discharges since 1985.  

The purpose of monitoring surface water in the two main channels, Chinde Wash and 

Cottonwood Arroyo, is to document the quality and quantity of the hydrologic balance 

and to evaluate predictions made concerning the hydrologic balance in the Probable 

Hydrologic Consequences (PHC) section of the Navajo Mine Electronic Permit 

(NM0003F). This report summarizes water quality data collected from 1985 through 

September2014 for two active monitoring stations (CD-1A and CD-2A) on Chinde 

Arroyo. The report also summarizes data collected between 1998 and 1999 and from  

July 2013 through September 2014 on CNS-1, the downstream site on Cottonwood 

Arroyo. Data from recently established sites upstream on Cottonwood Arroyo (CN-2, 

CM-2, CS-2A, and CS-2B) is also summarized. 

The station CNS-1 on the Cottonwood Arroyo located downstream at the mine permit 

boundary was washed out by a series of large surface water flows that occurred in the 

summer of 1999.  Consequently, Navajo Mine, in agreement with OSMRE (May 3, 

2000), discontinued monitoring for station CNS-1.  This station was reactivated starting 

in the winter of 2012 and the first samples were captured during flow events in July 2013.  

 - 1 - 
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The new station CN-2 was established on Cottonwood North upstream of mining near the 

old station location CN-1. CM-2 is located on the Cottonwood Middle-Fork, upstream of 

the former site CM-1.  The station CS-1 was located on the main stem of Cottonwood 

Arroyo within the lease area. Stations CS-2A and CS-2B were established at suitable 

locations on Cottonwood South-Fork tributaries upstream of the former station CS-1.   

The relationship between the quality and quantity of water (hydrologic balance) of the 

monitored drainages at Navajo Mine is characteristic of typical sand-bed washes found in 

the arid, southwestern United States. The ephemeral flows in sand-bed washes that cross 

the permit boundary are extremely sediment rich and exhibit wide variations in water 

quality and quantity. The natural variability coupled with impacts from NAPI, including 

direct discharges from irrigation channels and groundwater return flows produce a 

complex monitoring environment. 

1.1.2 Groundwater 

Navajo Mine has collected groundwater data on annual and quarterly frequencies from  

1985 to present. The groundwater-monitoring program for Navajo Mine is challenging 

for several reasons: (1) Monitoring sites are distributed over a large geographical area,  

26.2 square miles, within several discrete coal resources that have been, are currently, or 

will be mined over an approximate 60-year period; (2) The coal seams are lenticular in 

nature, which limits the spatial continuity of discrete aquifers to localized areas; and (3) 

Lands within the permitted area are classified as Pre-SMCRA, Interim, or Permanent 

Program and the mine lease boundary abuts directly to planned and permitted mining 

activities. Therefore little land, undisturbed by mining activities, remains inside the 

permit boundary for the establishment of environmental monitoring locations.  

Coal seams within the Cretaceous Fruitland Formation are the water bearing units that 

are monitored.  Overburden and interburden strata between or overlying coal seams do 

not yield sufficient water to be monitored. Due to the low yield and poor water quality, 

local groundwater is not used for potable drinking water, as a livestock watering source, 

or for irrigation purposes. 
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Quaternary alluvial deposits fill valley bottoms of Chinde Arroyo and Cottonwood 

Arroyo to an average of 10 to 15 feet thick. These alluvial deposits range from fine-

grained eolian sands to coarse-grained channel deposited gravels. The quality of 

groundwater, when present, is monitored in both of these unconfined alluvial fill 

deposits. 

Groundwater monitoring conditions include both unconfined and confined groundwater 

flow. The naturally low water-yielding formations contain poor to very poor water 

quality due to elevated levels of dissolved constituents (total dissolved solids [TDS]).  

The natural elevated levels of TDS result from aquifer material consisting of alternating 

marine and nonmarine strata that are commonly cemented with gypsum (CaSO4), calcite 

(CaCO3), and other soluble salts (i.e., NaCl and KCl). In addition, these strata often 

contain minor trace elements such as barium, boron, and selenium.  The spatial variation 

of cementation, porosity, and solubility of salts can cause wide variations in 

concentrations of major ions (Na, SO4, and Cl) and trace elements.  Thus, sporadic 

parameter concentrations above the reference criteria are expected and are occasionally 

observed throughout the data record. 

1.1.3 Precipitation  

Navajo Mine has collected climatological data since 1991 from two on-site 

meteorological monitoring stations: Met 1 and Met 2, and since 2007 from Met 3.  The 

annual average net evaporation rate is 55.9 inches (Class A Pan method).  The 

evaporation rate is a factor of approximately ten times greater than the average 

precipitation rate of 5.48 inches annually. 

Most precipitation in the region occurs from July through September during localized, 

high-intensity, short-duration thunderstorms.  Other precipitation in the region usually 

occurs as snow during winter months. 
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2.0 SURFACE WATER MONITORING PROGRAM 

2.1 Approved Program 

The surface-water monitoring program is comprised of two monitoring stations located 

on the Chinde Wash and five monitoring stations on Cottonwood Arroyo (Exhibit 8-1 - 

Electronic Permit NM0003F).  Station CD-1A is located upstream of the Navajo Mine 

permit area and station CD-2A is located downstream of mining on Chinde Arroyo 

(Table 2-1). The Cottonwood Arroyo Station CNS-1 located on the main stem, 

downstream of mining, was reactivated starting in winter 2012-2013. The new station 

CN-2 was established on Cottonwood North-Fork upstream of mining at a suitable 

location near the old station location CN-1. Also, new stations CM-2, CS-2A and CS-2B 

were established at suitable upstream locations on Cottonwood tributaries near the lease 

boundary. 

Table 2-1 Surface Water Monitoring Locations 

Station ID Drainage Location 
CD-1A Chinde Upstream 
CD-2A Chinde Downstream 
CN-2 North Fork Cottonwood Upstream 
CM-2 Middle Fork Cottonwood Upstream 
CS-2A South Fork Cottonwood Upstream 
CS-2B 
CNS-1 

South Fork Cottonwood 
Cottonwood 

Upstream 
Downstream 

Data from these stations is used to assess water entering and leaving the permit area.   

Flow in Chinde Wash was monitored with continuous flow monitoring equipment during 

CY 1999. The continuous flow data, in combination with synoptic quarterly field 

measurements, were used to analyze gain/loss in Chinde Wash (See gain/loss study 

below). 

The majority of the stage data collected at station CD-1A from 1999 through 2001 may 

not be representative of actual flow stage within Chinde Wash.  During that time period, 

culvert maintenance at the downstream outlet caused backwater conditions inside the 

culvert and beneath the sensor. The Bureau of Indian Affairs (BIA) undertook culvert 
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work sporadically from 1999 through 2001.  The artificial channel conditions and their 

influence on collecting representative stage data were reported to OSMRE in the 

quarterly hydrologic monitoring reports from 1999 through 2001. 

Typically, the maintenance work was done in the fall and spring.  During winter months, 

the pooled water inside the culvert froze solid, affecting stage readings in January and 

February of the following year. These conditions persisted until the ice melted and large 

flows eroded fill material to an elevation below the level of the culvert, eliminating the 

backwater area. 

Grab samples are collected quarterly from surface water in the Chinde Wash at stations 

CD-1A and CD-2A. The water quality samples are analyzed for sediment concentrations 

and general chemical water quality parameters  A combination of in-stream single-stage 

sediment samplers to sample water quality and in-stream crest gages to monitor peak 

flows were established at the upstream stations on the Cottonwood Arroyo tributaries and 

at the Cottonwood Arroyo downstream station CNS-1.  Samples are collected from the 

stations on a quarterly basis. 

2.2 Navajo Indian Irrigation Project Discharges 

The Navajo Indian Irrigation Project (NIIP) directly discharges to the headwaters of both 

Cottonwood Arroyo and Chinde Wash.  NIIP controls water distribution for NAPI.  

These direct discharges affect the hydrologic regime of the two channels. Direct 

discharges from NIIP occur throughout the irrigation season, which typically occurs from  

April through October. Chinde Wash is further affected by NAPI irrigation return flows 

in the form of springs which produce a perennial base flow to an otherwise ephemeral dry 

wash in the Chinde Arroyo. 

Perennial flows in Chinde Wash combined with large, periodic, direct discharges have 

increased vegetative growth in the channel bottom.  The large direct discharges have 

likely increased channel and bank erosion rates compared to background conditions.  The 

net effect of NIIP irrigation activities for the Chinde is a volumetric increase in sediment 
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transported downstream toward the permit boundary and the creation of a perennial, 

vegetated stream through the permit area.  

Due to the artificial, perennial nature of Chinde Wash and possible gains/losses to surface 

flows, Navajo Mine completed a one-year study specifically to quantify gains/losses 

along specific reaches on the Chinde Wash.  The main conclusions of the study 

(NM0003F, Part 6, Section 41, Probable Hydrologic Consequences) are provided below: 

“Synoptic flow measurements and continuous flow data have adequately 

characterized and documented gains and losses of surface water flows along 

specific reaches of Chinde Wash. Specifically, the data collected support the 

conclusion that future reconstructed channels built in spoils will not significantly 

alter surface water flows due to vertical infiltration. The data also record that 

flow volume increased from CD-1A to CD-2A during large, high intensity storm 

events.” 

The Cottonwood Arroyo is also affected by NIIP irrigation return flows; however, 

discharges have not produced perennial flow. The lack of perennial flow in Cottonwood 

compared to Chinde Wash is due to many factors, including; (1) the amount of water 

discharged from the NIIP canal; (2) the greater distance between the NIIP operations and 

Navajo Mine monitoring station (CN-2 is approximately 8 miles downstream from the 

NIIP canal); (3) a larger drainage area than Chinde Wash drainage area; (4) a different 

local geology and geomorphology; and (5) the greater distance from irrigation return 

flows from irrigated fields.   

Although Cottonwood Arroyo lacks perennial flow, upstream NIIP discharges are 

eroding and remobilizing significant amounts of stored sediment from large Holocene, 

eolian sand dunes. Due to these discharges, very large headcuts and channel widening 

follows immediately downstream of the NIIP discharge points resulting in considerable 

sediment volume moving downstream toward Navajo Mine in the North Fork and Main 

Fork of Cottonwood Arroyo. This volume of sediment moving past monitoring stations 
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CN-1 and CNS-1 influenced data that was collected by Navajo Mine. Monitoring at 

these locations was discontinued in May 2000, but was reactivated in July 2013. 

2.3 Surface Water Quantity 

The Chinde Wash Study characterized both the NAPI and storm flows in detail upstream, 

downstream, and across the Navajo Mine.  The results are presented in Electronic Permit 

NM0003F and include hydrographs for various flow events and a summary of flow 

volumes.  Surface water quantity data collected with continuous stage recorders 

(including 1999 data) from Cottonwood Arroyo is summarized in Part 2, Section 18, PAP 

NM0003F. 

2.4 Surface Water Quality 

Surface water quality data generated during 2013 through September 2014 are provided 

in Appendix 6-1 and statistical reports with historical data are presented in Appendix 6-2.  

The TDS concentrations are lower at the Cottonwood tributary upstream stations CS-2A 

and CS-2B that are not impacted by NAPI irrigation than at the Cottonwood tributary 

upstream stations CN-2 that is impacted by NAPI irrigation.  The TDS concentrations at 

the Cottonwood downstream station CNS-1 are typically higher than at the tributary 

upstream stations not impacted by NAPI irrigation but lower than at the tributary 

upstream stations that are impacted by NAPI irrigation.  The TSS concentrations are 

extremely variable at all the monitoring stations. 

Time versus concentration plots were compiled for the following parameters: pH, 

specific conductance, total dissolved solids (TDS), total suspended sediment (TSS), total 

iron, dissolved iron, total manganese, dissolved manganese, sulfate, chloride, fluoride, 

boron, and selenium (Appendix 6-3). Total recoverable manganese and total recoverable 

iron were analyzed during the monitoring period for the samples from the Cottonwood 

Arroyo monitoring stations.  These data were plotted and compared with total iron and 

total manganese concentrations previously monitored at CNS-1.  The parameters graphed 

were selected because they are associated with regulatory requirements and because they 

are considered indicators for potential constituents resulting from mining activities.  
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For the main channels, upstream data is plotted against downstream data for the same 

parameters (Appendix 6-3).  Caution must be exercised when making upstream-

downstream comparisons of only water quality data because the plots do not account for 

differences in flow due to variations in precipitation duration and intensity and channel 

flow dynamics between monitoring stations, channel segments, and individual 

watersheds. Despite these limitations, the plots do show general agreement for chemical 

constituents, particularly in Chinde Wash.   

Constituent levels in Chinde Wash flows are variable within a year.  However, TDS, 

sulfate, chloride, and total iron concentrations appear to be higher at the downstream 

station CD-2A compared to the upstream station CD-1A.  This is expected as dissolved 

ions typically increase in the downstream direction due to evapotranspiration influences. 

On the other hand, concentrations of total suspended solids, dissolved iron and dissolved 

manganese appear to be higher at the upstream station.  The variability in fluoride 

concentrations and the mean fluoride concentration are both lower at the downstream 

station (CD-2A) compared to the upstream station (CD-1A).  Boron outliers were 

observed at station CD-1A on 12/19/2007 and at station CD-2A on 2/28/2005. These 

outliers are about 3 orders of magnitude higher than the other boron concentrations, 

indicating that perhaps the results in ug/l were reported as mg/l concentrations.  Selenium 

concentrations are similar at the two stations except for the 0.1 mg/l selenium spikes 

observed at station CD-2A on 12/5/2001 and on 3/24/2010. 

Dissolved solid concentrations appear to be seasonal with the greatest concentrations 

occurring during winter periods and the lowest concentrations occurring during summer 

periods. This relationship provides an indication that NAPI irrigation return flows are 

impacting the Chinde Wash hydrologic system.  In autumn, the pivot head irrigation 

systems are shut off, resulting in reductions of return flow.  The reduced fresh water 

recharge from the irrigation return results in longer residence times and increased 

concentration of TDS in winter. 
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The variability in TSS concentrations and the mean TSS concentration at the downstream 

station (CNS-1) appear higher for the 2013-2014 monitoring period compared to the 

results obtained during the 1997-1999 monitoring period.  TDS concentrations at the 

downstream station (CNS-1) appear similar in the 2013-2014 and the 1997-1999 

monitoring periods.  

Another tool for presenting and comparing water quality data are Piper trilinear 

diagrams.  A trilinear diagram plots groupings of major dissolved ionic constituents in 

terms of percentages on an equilateral triangle.  Applications of the diagram include 

determining the water type for a particular stream station or well, determining water 

sources or identifying mixtures of different water types.  For this report, the trilinear 

diagrams are used for making comparisons of water types between upstream station 

samples and downstream station samples. 

The trilinear diagram plot (Appendix 6-4) of grab samples collected at the Chinde Wash 

stations depicts a sodium-sulfate water type with minor differences between upstream 

and downstream stations.  Samples from CD-2A have relatively less sodium and more 

sulfate and calcium than station CD-1A located nine miles upstream on the Chinde Wash.  

The difference in water types likely reflects the typical increase in calcium and sulfate 

concentrations in the small streams crossing the Fruitland Formation.  Although sodium 

and chloride are in relatively lower proportions in the samples as indicated by the piper 

diagram, the concentrations of these constituents also increase in the downstream 

direction, indicating the effects of evaporation and the evapotranspiration by vegetation 

communities that has formed in the Chinde Wash.  The same affect is likely the major 

cause for the increase in mean TDS concentrations from 952 mg/l upstream to 1441 mg/l 

downstream in Chinde Wash for surface water data recorded during 2013 through August 

2014. 

Water quality data plotted on the diagram for the stations on Chinde Wash and the CNS-

1, CN-1, CN-2 and CS-1 stations on Cottonwood Arroyo depict relatively similar water 

types. The plots show minor differences in the relative composition of sulfate for stations 
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CN-1 and CN-2 on Cottonwood North. These results are for samples taken at 

approximately the same location but for different time periods.  These differences are 

likely due to natural variability in ion composition in storm water flows and, perhaps, 

differences in NAPI irrigation influences between the two time periods. The relative 

composition of sulfate is similar at stations CN-1 and CN-2 on Cottonwood North and at 

the Chinde Wash downstream station CD-2A; however the waters at CD-2A are less 

sodium dominated and instead have slightly more calcium compared with the Chinde 

Wash upstream and Cottonwood Arroyo samples.  Finally, the Cottonwood Arroyo 

upstream tributary station CS-2B samples are bicarbonate dominated and have little 

chloride and low sulfate compared to the samples from the other locations. The 

differences in the ionic composition at these locations are related to differences in source 

waters, evapotranspiration effects, and differences in local surficial geology and soils. 

Due to the stochastic nature of water quality as a result of uneven and localized 

precipitation events, varied geologic conditions, and sources of surface water (i.e. 

precipitation events versus NAPI discharges and return flows), OSMRE agreed in 2012 

to eliminate reference criteria for surface water flows.  Navajo Mine will continue to 

monitor and report surface water quality measured at Navajo Mine. The 2013-2014 data 

continue to indicate that surface waters flows through the Navajo Mine permit area are 

not being significantly impacted by Navajo Mine operations.  The greatest potential for 

any adverse impacts to the hydrologic system appear to result from NAPI irrigation 

return flows and direct discharges. 

2.5 Summary 

The surface water quality data reported is shown to be variable both historically and 

during the period between2013 and September 2014.  The variability in water quality is 

representative of ephemeral sand-bed wash hydrologic environments with influences 

from irrigation discharges and return flows.     
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3.0 GROUNDWATER MONITORING PROGRAM 

3.1 Approved Monitoring Program 

In 2012 and 2013, Navajo Mine expanded its Groundwater Monitoring Program by 

drilling several new wells and by increasing the monitoring frequency at some existing 

wells. Twenty-two wells are now monitored at Navajo Mine. The geologic unit 

represented by each well is presented in Table 3-1. Data generated from 2013 through 

September 2014 from the monitoring wells are presented in Appendices 5 through 8.  

Well locations are shown on Exhibit 8-1 of Electronic Permit NM0003F.  

The well identification number translates to the symbol for the geologic time period of 

the formation being monitored (i.e., K = Cretaceous); the symbol for the geologic 

formation that the well is completed in (i.e., f = Fruitland Formation); and the year it was 

constructed. The suffix (i.e., b) added to the end of the well number designates a well 

cluster at one location. Bedrock wells are sampled in the third quarter each year.  

Alluvial wells were sampled semi-annually until 2012, and are now sampled on a 

quarterly basis. A more detailed description of the Groundwater Monitoring Program is 

provided in Part 6, Section 42 of Electronic Permit NM0003F. 
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Table 3-1 Groundwater Wells and Major Units 
Major Unit Well Number Location Sampling Frequency 

Coal Seam No. 8 

Kf84-16 Bitsui Annual 
KF83-1 Bitsui Annual 
Kf84-18b Hosteen/Yazzie Annual 
Kf84-22a Dixon Annual 
Bitsui-2 Bitsui Annual 

Coal Seam No. 7 
Kf84-22b Dixon Annual 
KF7-12-1 Lowe Annual 

Coal Seam No. 4-6 
Kf84-18a Hosteen/Yazzie Annual 
KF4-12-1 Lowe Annual 

Coal Seam No. 3 
KF3-12-1 Lowe Annual 
KF3-12-2 Cottonwood Annual 
KF3-12-3 Cottonwood Annual 

Quaternary Alluvium 
(QAL) 

QAC-1 Chinde Quarterly 
QACW-2 Cottonwood Quarterly 
CWA-1b Cottonwood Quarterly 
CWA-2 Cottonwood Quarterly 
CWA-3 Cottonwood Quarterly 
CWA-4 Cottonwood Quarterly 
CA-2 Chinde Quarterly 
CA-3 Chinde Quarterly 
CA-4 Chinde Quarterly 
CA-5 Chinde Quarterly 

3.2 Groundwater Quality 

Laboratory results for groundwater samples collected from 2013 through September are 

presented in Appendix 6-5. A statistical summary, listed by well number, of the historic 

data from 1985 through September 2014 is presented in Appendix 6-6.  Time versus 

concentration plots for data generated from 1985 through September 2014 were compiled 

for the indicator parameters of pH, specific conductance, TDS, sulfate, selenium, 

potassium and magnesium.  These data are presented in Appendix 6-7. The parameters 

graphed were selected because of their regulatory significance and because they are 

considered indicators for potential constituents resulting from mining activities.   

Groundwater data from 2013 through September 2014 were compared to historic data to 

determine trends.  In addition, the 2013 through September 2014 data were compared to 
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reference criteria (Table 42-6 NM0003F). Sample parameters that were greater than 

reference criteria are identified and discussed below by geologic unit. Historic data from  

1985 through September 2014 are plotted on Piper trilinear diagrams by geologic unit 

(Appendix 6-8). 

3.2.1 Groundwater Quality – Coal Seams 


An assessment of each geologic unit or coal seam is provided in this section.   


3.2.1.1 No. 8 Coal Seam  

No exceedances of reference criteria were noted in samples from KF84-22a and KF84-

18b during the 2013 through September 2014 timeframe.  Since Bitsui-2 was added to the 

sampling routine in 2012, a statistically significant number of groundwater samples have 

not yet been collected to develop reference criteria. 

The Piper trilinear diagram of lab samples obtained from the No. 8 seam wells depicts 

some variability in the water type between wells (Appendix 6-8).  The water type is 

dominated by sodium, and varies between sodium chloride (Kf84-18b) and sodium  

sulfate (Kf84-22a). 

3.2.1.2 No. 7 Coal Seam  

No parameters exceeded reference criteria in well KF84-22b in 2013.  The water type in 

No. 7 Coal Seam is dominated by sodium, and varies between a sodium chloride (KF84-

22b). KF84-20c was affected by mining activities in 2012 and was replaced with KF7-

12-1. Well KF7-12-1 has been dry since it was added to the sampling routine in 2012.   

3.2.1.3 No. 4-6 Coal Seam  

No parameters measured in 2013 and 2014 from well KF84-18a exceeded reference 

criteria. KF84-18a water is classified as sodium chloride.  KF84-20b had been dry since 

1999. In 2012, the well was affected by mining activities and abandoned.  It was 

replaced by KF4-12-1. Although KF4-12-1 contained some groundwater in September 

of 2012, the amount was insufficient to sample.  KF4-12-1 has been dry during annual 
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monitoring in 2013 and 2014 and will continue to be monitored annually to monitor 

groundwater recovery in the No. 4 Coal Seam adjacent to the Lowe Pit.  

3.2.1.4 No. 2-3 Coal Seam  

Well KF84-20a had insufficient water quantity to sample in 2011.  The well was 

abandoned in 2012 and replaced with KF3-12-1. When the sample collected from KF3-

12-1 in 2012 was compared to the reference criteria of the abandoned KF-84-21a, there 

were no exceedances. Well KF3-12-1 had insufficient water quantity to sample in 2013 

and 2014. No. 3 Coal Seam Wells KF3-12-2 and KF3-12-3 were also installed in year 

2012 the near the Cottonwood Pit. These wells were dry during annual monitoring visits 

in 2013 and 2014. 

3.2.2 Pictured Cliffs Sandstone 

Well KP84 was completed in the Pictured Cliffs Sandstone.  Monitoring was 

discontinued 2002 (effective 8-8-02), because this well did not yield sufficient quantities 

of water for sample collection. The well was subsequently abandoned.  

3.2.3 Quaternary Alluvium   

The Navajo Mine Groundwater Monitoring Program was expanded in 2012 and 2013 to 

include four additional wells on the Cottonwood Arroyo and five additional wells in the 

Chinde Arroyo. 

Monitoring well CWA-1a was installed along the Cottonwood North Branch in late-

spring 2012. The well was damaged in July 2012 by a flood event to such a degree that it 

needed to be replaced. In April 2013, CWA-1a was abandoned and replaced with CWA-

1b. Initial sampling of CWA-1b began in May 2013.  The water is a calcium/sodium  

sulfate type water. 

CWA-2 in the Middle Branch of Cottonwood Arroyo has been dry since installation.  

CWA-3, in the South Branch of Cottonwood Arroyo, upstream of mining, has 

occasionally had some water, but this amount has been insufficient to sample.. 
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Monitoring Well QACW-2, on the Cottonwood Arroyo downstream of mining, has been 

dry since 1992. CWA-4 has been sampled quarterly in 2013 and 2014.  The water is a 

sodium sulfate type water, as opposed to the sodium/calcium sulfate water in CWA-1b.  

Alluvial well CWA-1b was first sampled in August 2013.  Reference criteria have not 

been developed for the recently installed wells CWA-1b and CWA-4.  During the 2013-

2014 monitoring period the TDS and sulfate concentrations were higher at the 

Cottonwood Arroyo upstream alluvial monitoring well CWA-1b compared to the 

concentrations observed at the Cottonwood Arroyo alluvial monitoring well CWA-4 

located downstream of mining. 

Monitoring Well QAC-1 has been monitored consistently since 1985.  Groundwater 

samples collected from well QAC-1 quarterly during the 2013 through September 2014 

monitoring period exceeded the reference criteria for TDS.  The reference criteria for 

sulfate were exceeded in four of the seven quarterly samples collected during the 

monitoring period.    

A long-term shift in pH levels in the range from 7.5 to 8.0 to pH levels in the range from  

7.0 and 7.5 is evident at QAC-1, and appears to have stabilized at this range (Appendix 

6-7). However, occasional spikes of pH to levels slightly above 8.0 are still observed. A 

long term trend of increasing conductivity appears to have leveled off, and may even be 

decreasing. Since 2009, conductivity appears to have dropped by approximately 2000 

μmhos/cm from peak concentrations between 2004 and 2009.  This trend is even more 

apparent in the chart of TDS. All of the TDS data collected in the 2013-2014 period is 

above the reference level of 13,400 mg/L.  There are no apparent long-term trends in the 

concentrations of sulfate, selenium or potassium.  A long term increasing concentration 

trend does appear in the plot for magnesium.   

The monitoring record is too short to reliably detect trends in the constituent 

concentrations at the Chinde alluvial wells CA-2, CA-3, CA-4 and CA-5.  Well CA-5, 

located just above the Big Fill, exhibits the highest TDS and sulfate concentrations while 
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well CA-4, located within the cottonwood stand just above the Big Fill, exhibits the 

lowest TDS and sulfate concentrations for these wells that were recently completed in the 

Chinde alluvium. Likewise, the monitoring record is too short to reliably detect trends in 

the constituent concentrations at the recently completed Cottonwood alluvial wells 

CWA-1b and CWA-4.    

3.3 Groundwater Quantity 

Static water level elevations are presented as hydrographs in Appendix 6-7. The static 

water level elevation is measured from a designated location (reference elevation) at each 

well. 

The hydrographs for the No. 8 coal seam monitoring wells show that water level 

elevations have increased for KF84-18b from 2002 to present.   Water level elevations in 

KF84-22a show a decreasing trend that accelerated in about 2003. Well KF84-22b (No. 

7 seam) also shows a decline in water level elevations.  The decreasing trends above 

indicate drawdown due to advancing mining operations.  The static water level elevation 

measurements for well KF84-18a (No. 4-6 seam) declined from the period of 1985 to 

1996; stabilized from 1997 through 1998; since then static water level elevation 

measurements have remained relatively stable.  Recovery and/or stabilization of water 

levels in the KF84-18 wells probably indicate recovery where pits have been backfilled.  

Static water level elevations in wells KF84-20a and KF84-21a (affected by mining 

operations and subsequently abandoned), completed in the No. 2-3 seams, had been 

gradually decreasing throughout the data record. These decreases indicated localized 

drawdown resulting from advancing mining operations. 

The Navajo Mine Electronic Permit, Part 6, Section 41, Probable Hydrologic 

Consequences, Section 41.3.1 predicts a local drop in water level elevations for the water 

bearing units of the Fruitland Formation while mine-pits are open.  Following mining, 

recharge to bedrock water bearing units adjacent to the mine is expected to result in 

gradual water level elevation increases. 
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The Chinde alluvium at the downstream  lease boundary (QAC-1) is characterized by 

steadily increasing water level elevations. These water level elevation increases likely 

result from NAPI irrigation water return flows as opposed to precipitation.  Water levels 

driven by precipitation would show much greater fluctuation over time due to drought 

and heavy precipitation cycles. Until recently, increasing concentrations in TDS and 

sulfate have also been observed. This increase in TDS and sulfate concentrations may be 

caused as rising groundwater encounters sediments previously enriched with soluble salts 

from capillarity.  In addition, these sediments would be expected to be relatively non-

weathered and therefore would be enriched in soluble minerals available for dissolution 

into groundwater.  However, there are likely multiple factors leading to the increase in 

TDS, including evapotranspiration. 

3.4 Summary 

Constituent concentrations slightly above reference criteria were identified in 

groundwater samples from several wells during the 2013-2014 monitoring period.  

However, no trends in water quality parameters associated with mining activities were 

identified in bedrock wells. Trends in groundwater quantity and quality parameters at 

QAC-1 suggest that the NAPI irrigation water return flows could be affecting alluvial 

groundwater in the Chinde. Periodic, anomalous values (high or low) are considered 

typical of natural groundwater quality fluctuations for water bearing units at Navajo 

Mine. In both the bedrock units and the alluvium water types are typically dominated by 

sodium sulfate, although some wells have chloride or bicarbonate as the dominant anion. 

As predicted by the PHC model, recorded static water levels show a decline in elevation 

of water levels in wells near the open pits. 

4.0 PRECIPITATION 

Continuous precipitation monitoring data is collected at Navajo Mine from three 

locations, Met I and Met II and Met III (locations shown in Electronic Permit NM003F 

Part 1, Section 9, Exhibit 9-1). Met I and II have collected continuous rainfall data since 
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April and May of 1991 respectively. Met III has collected rainfall data since April of 

2006. 

The mean annual precipitation for Navajo Mine, determined from data collected from  

1991 through 2014 (for Met I, II) and III (starting from 2006), is 5.48 inches with a 

maximum of 9.07 inches recorded in 1997 and a minimum of 3.12 inches recorded in 

2012. 

The continuous precipitation data collected for the year 2012 is summarized in Table 4.1.   

Precipitation in 2012 was 3.02 inches below average at MET I, 1.89 inches below normal 

at MET II, and 2.5 inches below normal at MET III.  Precipitation data combined from  

MET I, MET II and MET III for 2012 was 2.47 inches below normal. 

The continuous precipitation data collected for 2013 is summarized in Table 4.2.   

Precipitation in 2013 was 1.63 inches above average at MET I, 1.27 inches above normal 

at MET II, and 0.05 inches above normal at MET III.  Precipitation data combined from  

MET I, MET II and MET III for 2013 was 0.65 inches above normal.   

The continuous precipitation data collected for Jan-August 2014 is summarized in Table 

4.3. Precipitation was 0.11 inches below average (to the end of the 2nd quarter) at MET I, 

0.45 inches below normal at MET II, and 0.71 inches below normal at MET III.  

Precipitation data combined from MET I, MET II and MET III for Jan-August 2014 was 

0.40 inches below normal (to the end of the 2nd quarter). 

Met Station data summarized in a tabular format can be found in Appendix 6-9. 
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Table 4.1 2012 Precipitation Summary 

Station Met Station 1 (in.) Met Station II (in.) Met Station III (in.) 

Average 
Precipitation values 

(in.) 
Normal1 2012 Normal1 2012 Normal1 2012 Normal2 2012 

1st Qtr 
2nd Qtr 
3rd Qtr 
4th Qtr 
Total 

1.18 
1.32 
2.14 
1.38 
6.02 

0.42 
0.16 
1.56 
0.86 
3.00 

0.92 
0.89 
1.95 
1.19 
4.95 

0.35 
0.35 
1.8 
0.56 
3.06 

0.97 
0.95 
2.74 
1.19 
5.84 

0.24 
0.34 
2.05 
0.67 
3.30 

1.02 0.34 
1.05 0.28 
2.28 1.80 
1.25 0.70 
5.60 3.12 

Yearly 
Departure 
from 
normal 

3.02 inches below 
average or 50% of 
normal 

1.89 inches below 
average or 61% of 
normal 

2.5 inches below 
average or 56% of 
normal 

2.47 inches below 
average or 56% of 
normal 

1= Normal calculated using the quarterly averages of precipitation data from 1992-2012. 

2= Normal calculated using the quarterly averages of precipitation data from 2007-2012. 

3= Normal calculated using the average of quarterly averages of precipitation data from 1992-2012 for 

both Met I and Met II and quarterly values 2008-2012 for Met III. 


Table 4.2 2013 Precipitation Summary 

Station Met Station 1 (in.) Met Station II (in.) Met Station III (in.) 

Average 
Precipitation values 

(in.) 
Normal1 2013 Normal1 2013 Normal1 2013 Normal2 2013 

1st Qtr 
2nd Qtr 
3rd Qtr 
4th Qtr 
Total 

1.19 
0.99 
2.23 
1.39 
5.80 

1.35 
0.40 
3.94 
0.86 
7.43 

0.92 
0.87 
2.01 
1.21 
5.01 

1.08 
0.45 
3.18 
1.57 
6.28 

0.97 
0.88 
2.75 
1.24 
5.83 

0.96 
0.48 
2.80 
1.54 
5.78 

1.03 1.13 
0.91 0.44 
2.33 3.31 
1.28 1.32 
5.55 6.20 

Yearly 
Departure 
from 
normal 

1.63 inches above 
average or 128% of 
normal 

1.27 inches above 
average or 125% of 
normal 

0.05 inches below 
average or 100% of 
normal 

0.65 inches above 
average or 112% of 
normal 

1= Normal calculated using the quarterly averages of precipitation data from 1992-2013.   

2= Normal calculated using the quarterly averages of precipitation data from 2007-2013.   

3= Normal calculated using the average of quarterly averages of precipitation data from 1992-2013 for 

both Met I and Met II and quarterly values 2008-2013 for Met III. 
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Table 4.3 2014 (Jan -August) Precipitation Summary 
Average 
Precipitation values 

Station Met Station 1 (in.) Met Station II (in.) Met Station III (in.) (in.) 
Normal1 2014 Normal1 2014 Normal1 2014 Normal2 2014 
(Jan-August) (Jan-August) (Jan-August) (Jan-August) 

1st Qtr 1.20 1.31 0.92 0.78 1.11 0.81 1.08 0.97 
2nd Qtr 0.98 0.76 0.86 0.65 0.82 0.40 0.89 0.60 
3rd Qtr - - - - - - - -
4th Qtr - - - - - - - -
Total 2.18 2.07 1.78 1.33 1.93 1.21 1.97 1.57 
Yearly 
Departure 0.11 inches below 0.45 inches below 0.71 inches below 0.40 inches below 
from average or 95% of average or 75% of average or 63% of average or 80% of 
normal normal normal normal normal 
1= Normal calculated using the quarterly averages of precipitation data from 1992- August 2014.  

2= Normal calculated using the quarterly averages of precipitation data from 2007- August 2014.  

3= Normal calculated using the average of quarterly averages of precipitation data from 1992-August 2014 for 

both Met I and Met II and quarterly values 2008- August 2014 for Met II. 
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Appendix 6-1 


2013 and 2014 Surface Water Sample Data 
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���������͸ǦͳǤ�ʹͲͳ͵�ʹͲͳͶ��������������������������� 
Station Sample Lab Lab TDS TSS Settl.  Alkalin Hardness Boron Fluoride  Bicarb Bicarb Carb Hydroxide 
Name Date pH Conduct -180 mg/l Solids as CaCO3 as CaCO3 mg/l mg/l as CaCO3 as hCO3 as CO3 mg/l

 S.U. umho/cm  mg/l  mL/l  mg/l 
mg/l  mg/l  mg/l 

------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------
CD-1A 3/26/2013 7.9 2600 1530 6 <0.5 450 362 0.60 2.80 427 520 12.0 <4 
CD-1A 4/17/2013 8 1300 797 8 <0.5 260 219 0.20 1.40 246 300 6.0 <4 
CD-1A 8/2/2013 8.4 1090 679 <2  -- 260 205 0.2 1.3 230 280 19 <4 
CD-1A 8/9/2013 8.5 1190 774 4 <1.0 300 227 0.3 0.6 263 320 22 <4 
CD-1A 11/19/2013 8.3 2250 1490 10 <0.5 490 299 0.6 3 443 540 27 <4 
CD-1A 3/10/2014 8 2340 1610 <2 <1.0 460 293 0.6 2.6 459 560 <4 <4 
CD-1A 5/7/2014 8.3 527 342 79 <0.5 130 116 <0.1 0.4 131 160 <4 <4 
CD-1A 8/18/2014 8.3 628 396 8 <0.5 160 153 0.1 0.7 164 200 <4 <4 

CD-2A 4/17/2013 8.2 2590 1760 52 <0.5 260 484 0.2 1.3 254 310 8 <4 
CD-2A 3/10/2014 8.2 3280 2410 6 <1.0 380 626 0.3 1.2 377 460 <4 <4 
CD-2A 5/7/2014 8.4 1640 1130 18 <0.5 280 302 0.2 0.9 271 330 5 <4 
CD-2A 8/18/2014 8 695 465 310 <0.5 140 120 0.1 0.7 139 170 <4 <4 

CM-2 9/24/2013 8.4  -- 300 22200  -- 87  -- -- -- -- -- -- --
CM-2 10/22/2013 7.8  -- 870 167000  -- 100  -- -- -- -- -- -- --
CM-2 10/22/2013 7.8  -- 1240 161000  -- 110  -- -- -- -- -- -- --

CN-2 7/16/2013 8 2690 1830 52 640 98 343 0.1 1.7 98 120 <4 <4 
CN-2 9/24/2013 7.5  -- 1550 13200  -- 120  -- -- -- -- -- -- --
CN-2 9/24/2013 7.5  -- 1350 127000  -- 150  -- -- -- -- -- -- --
CN-2 10/22/2013 7.6  -- 1990 134000  -- 120  -- -- -- -- -- -- --
CN-2 10/22/2013 7.6  -- 1790 114000  -- 98  -- -- -- -- -- -- --
CN-2 7/14/2014 7.5  -- -- 304000  -- -- -- -- -- -- -- -- --
CN-2 7/14/2014 7.6  -- -- 434000  -- -- -- -- -- -- -- -- --
CN-2 8/19/2014 7.2  -- -- 246000  -- -- -- -- -- -- -- -- --
CN-2 8/19/2014 7.4  -- -- 224000  -- -- -- -- -- -- -- -- --

ͳ����͸ 



���������͸ǦͳǤ�ʹͲͳ͵�ʹͲͳͶ���������������������������ȋ���������Ȍ 
Station Sample Chloride  Sulfate Calcium Magnesium Potassium  Sodium Bicarbonate Chloride Sulfate Calcium 
Name Date mg/l mg/l mg/l mg/l mg/l mg/l meq/l meq/l meq/l meq/l 

------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------
CD-1A 3/26/2013 120 620 96.6 29.4 1.5 416 6.99 3.39 12.91 4.82 
CD-1A 4/17/2013 45 320 62.6 15.2 2.4 206 4.03 1.27 6.66 3.12 
CD-1A 8/2/2013 19 280 58.6 14.3 1.5 169 4.59 0.54 5.83 2.92 
CD-1A 8/9/2013 25 290 64.6 15.8 1.4 183 5.24 0.71 6.04 3.22 
CD-1A 11/19/2013 110 560 81.5 23.1 1.1 413 8.85 3.10 11.66 4.07 
CD-1A 3/10/2014 110 580 81.3 21.9 2 421 9.18 3.10 12.08 4.06 
CD-1A 5/7/2014 7 120 34.1 7.4 2.3 65 2.62 0.20 2.50 1.70 
CD-1A 8/18/2014 8 130 43.1 11.2 2.3 109 3.28 0.23 2.71 2.15 

CD-2A 4/17/2013 110 930 141 32.1 11.3 413 4.17 3.10 19.36 7.04 
CD-2A 3/10/2014 160 1200 181 42 9.1 528 7.54 4.51 24.98 9.03 
CD-2A 5/7/2014 59 540 87.7 20.2 6.2 248 5.41 1.66 11.24 4.38 
CD-2A 8/18/2014 9 180 37.8 6.1 6.8 98.1 2.79 0.25 3.75 1.89 

CM-2 9/24/2013  -- -- -- -- -- -- -- -- -- --
CM-2 10/22/2013  -- -- -- -- -- -- -- -- -- --
CM-2 10/22/2013  -- -- -- -- -- -- -- -- -- --

CN-2 7/16/2013 88 1100 114 14.2 6.8 453 1.97 2.48 22.90 5.69 
CN-2 9/24/2013  -- -- -- -- -- -- -- -- -- --
CN-2 9/24/2013  -- -- -- -- -- -- -- -- -- --
CN-2 10/22/2013  -- -- -- -- -- -- -- -- -- --
CN-2 10/22/2013  -- -- -- -- -- -- -- -- -- --
CN-2 7/14/2014  -- -- -- -- -- -- -- -- -- --
CN-2 7/14/2014  -- -- -- -- -- -- -- -- -- --
CN-2 8/19/2014  -- -- -- -- -- -- -- -- -- --
CN-2 8/19/2014  -- -- -- -- -- -- -- -- -- --

ʹ����͸ 



���������͸ǦͳǤ�ʹͲͳ͵�ʹͲͳͶ���������������������������ȋ���������Ȍ 
Station Sample Magnesium Potassium Sodium Fe Mn Se Total Total T-Rec T-Rec T-Rec T-Rec 
Name Date meq/l meq/l meq/l mg/l mg/l mg/l Fe Mn Fe Mn Al Hg 

mg/l mg/l mg/l mg/l mg/l mg/l 
------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------

CD-1A 3/26/2013 2.42 0.04 18.10 <0.05 0.17 0.008 0.15 0.168  -- -- -- --
CD-1A 4/17/2013 1.25 0.06 8.96 <0.05 0.058 0.002 0.35 0.064  -- -- -- --
CD-1A 8/2/2013 13.91 0.12 0.02 <0.05 0.057 0.001 0.08 0.057  -- -- -- --
CD-1A 8/9/2013 15.06 0.13 0.03 <0.05 0.071 0.002 0.08 0.067  -- -- -- --
CD-1A 11/19/2013 33.99 0.23 0.13 0.2 0.1 0.007 <0.05 0.094  -- -- -- --
CD-1A 3/10/2014 34.64 0.23 0.13 0.07 0.222 0.006 0.27 0.23  -- -- -- --
CD-1A 5/7/2014 5.35 0.07 0.01 <0.05 0.014 <0.001 2.2 0.043  -- -- -- --
CD-1A 8/18/2014 8.97 0.08 0.01 <0.05 0.04 0.003 0.36 0.046  -- -- -- --

CD-2A 4/17/2013 2.64 0.29 17.97 <0.05 0.014 0.002 1.6 0.032  -- -- -- --
CD-2A 3/10/2014 43.45 0.19 0.20 <0.05 0.013 0.005 0.21 0.015  -- -- -- --
CD-2A 5/7/2014 20.41 0.14 0.07 <0.05 0.011 <0.001 0.51 0.014  -- -- -- --
CD-2A 8/18/2014 8.07 0.07 0.01 0.11 0.006 0.001 7.77 0.087  -- -- -- --

CM-2 9/24/2013  -- -- -- -- -- -- -- -- 563 9.51 606  --
CM-2 10/22/2013  -- -- -- -- -- -- -- -- 2810 81.2 2410  --
CM-2 10/22/2013  -- -- -- -- -- -- -- -- 3560 137 2680  --

CN-2 7/16/2013 37.28 0.05 0.11 <0.05 0.01 0.006 0.9 0.019  -- -- -- 0.00002 
CN-2 9/24/2013  -- -- -- �ͲͲ �ͲͲ �ͲͲ �ͲͲ �ͲͲ 3200 84.8 3080  --
CN-2 9/24/2013  -- -- -- �ͲͲ �ͲͲ �ͲͲ �ͲͲ �ͲͲ 1650 54.9 1620  --
CN-2 10/22/2013  -- -- -- �ͲͲ �ͲͲ �ͲͲ �ͲͲ �ͲͲ 3610 162 2950  --
CN-2 10/22/2013  -- -- -- �ͲͲ �ͲͲ �ͲͲ �ͲͲ �ͲͲ 2980 109 2540  --
CN-2 7/14/2014  -- -- -- �ͲͲ �ͲͲ �ͲͲ �ͲͲ �ͲͲ 3190 �ͲͲ 2960  --
CN-2 7/14/2014  -- -- -- �ͲͲ �ͲͲ �ͲͲ �ͲͲ �ͲͲ 3820 �ͲͲ 3320  --
CN-2 8/19/2014  -- -- -- �ͲͲ �ͲͲ �ͲͲ �ͲͲ �ͲͲ 4310 �ͲͲ 3970  --
CN-2 8/19/2014  -- -- -- �ͲͲ �ͲͲ �ͲͲ �ͲͲ �ͲͲ 3750 �ͲͲ 3610  --

͵����͸ 



���������͸ǦͳǤ�ʹͲͳ͵�ʹͲͳͶ���������������������������ȋ���������Ȍ 
Station Sample Lab Lab TDS TSS Settl.  Alkalin Hardness Boron Fluoride  Bicarb Bicarb Carb Hydroxide 
Name Date pH Conduct -180 mg/l Solids as CaCO3 as CaCO3 mg/l mg/l as CaCO3 as hCO3 as CO3 mg/l

 S.U. umho/cm  mg/l  mL/l  mg/l 
mg/l  mg/l  mg/l 

------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------
CNS-1 7/12/2013 7.6 904 900 36600  -- 250 95 <0.1 <0.1 254 310 <4 <4 
CNS-1 7/16/2013 8.1 1440 880 281 <2 94 112 <0.1 1.3 98 120 <4 <4 
CNS-1 7/16/2013 7.9  -- 1000 524000  -- 120  -- -- -- -- -- -- --
CNS-1 9/24/2013 8.2  -- 410 9130  -- 77  -- -- -- -- -- -- --
CNS-1 9/24/2013 8.1  -- 360 40000  -- 82  -- -- -- -- -- -- --
CNS-1 10/22/2013 7.6  -- 940 112000  -- 140  -- -- -- -- -- -- --
CNS-1 10/22/2013 7.7  -- 940 68600  -- 160  -- -- -- -- -- -- --
CNS-1 7/14/2014 7.6  -- -- 312000  -- -- -- -- -- -- -- -- --
CNS-1 7/14/2014 7.6  -- -- 261000  -- -- -- -- -- -- -- -- --
CNS-1 7/29/2014 7.6  -- -- 182000  -- -- -- -- -- -- -- -- --
CNS-1 8/19/2014 7.4  -- -- 909000  -- -- -- -- -- -- -- -- --
CNS-1 8/19/2014 7.2  -- -- 685000  -- -- -- -- -- -- -- -- --
CNS-1 9/3/2014 8  -- -- 58300  -- -- -- -- -- -- -- -- --

CS-2A 10/22/2013 8.5  -- 430 24500  -- 100  -- -- -- -- -- -- --
CS-2A 10/22/2013 8.5  -- 390 28400  -- 110  -- -- -- -- -- -- --
CS-2A 8/19/2014 7.7  -- -- 195000  -- -- -- -- -- -- -- -- --
CS-2A 8/19/2014 7.8  -- -- 157000  -- -- -- -- -- -- -- -- --

CS-2B 6/19/2013 8.3 830 650 65400  -- 600 58 <0.1 <0.1 582 710 10 <4 
CS-2B 10/22/2013 8.6  -- 390 19300  -- 95  -- -- -- -- -- -- --
CS-2B 10/22/2013 8.5  -- 460 19000  -- 120  -- -- -- -- -- -- --
CS-2B 8/19/2014 7.9  -- -- 287000  -- -- -- -- -- -- -- -- --
CS-2B 8/19/2014 8  -- -- 41600  -- -- -- -- -- -- -- -- --

Ͷ����͸ 



���������͸ǦͳǤ�ʹͲͳ͵�ʹͲͳͶ���������������������������ȋ���������Ȍ 
Station Sample Chloride  Sulfate Calcium Magnesium Potassium  Sodium Bicarbonate Chloride Sulfate Calcium 
Name Date mg/l mg/l mg/l mg/l mg/l mg/l meq/l meq/l meq/l meq/l 

------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------
CNS-1 7/12/2013 5 210 34.3 2.2 6.6 156 5.08 0.14 4.37 1.71 
CNS-1 7/16/2013 23 530 39.1 3.5 5.1 244 1.97 0.65 11.03 1.95 
CNS-1 7/16/2013  -- -- -- -- -- -- -- -- -- --
CNS-1 9/24/2013  -- -- -- -- -- -- -- -- -- --
CNS-1 9/24/2013  -- -- -- -- -- -- -- -- -- --
CNS-1 10/22/2013  -- -- -- -- -- -- -- -- -- --
CNS-1 10/22/2013  -- -- -- -- -- -- -- -- -- --
CNS-1 7/14/2014  -- -- -- -- -- -- -- -- -- --
CNS-1 7/14/2014  -- -- -- -- -- -- -- -- -- --
CNS-1 7/29/2014  -- -- -- -- -- -- -- -- -- --
CNS-1 8/19/2014  -- -- -- -- -- -- -- -- -- --
CNS-1 8/19/2014  -- -- -- -- -- -- -- -- -- --
CNS-1 9/3/2014  -- -- -- -- -- -- -- -- -- --

CS-2A 10/22/2013  -- -- -- -- -- -- -- -- -- --
CS-2A 10/22/2013  -- -- -- -- -- -- -- -- -- --
CS-2A 8/19/2014  -- -- -- -- -- -- -- -- -- --
CS-2A 8/19/2014  -- -- -- -- -- -- -- -- -- --

CS-2B 6/19/2013 6 170 20.1 2 4.7 160 11.64 0.17 3.54 1.00 
CS-2B 10/22/2013  -- -- -- -- -- -- -- -- -- --
CS-2B 10/22/2013  -- -- -- -- -- -- -- -- -- --
CS-2B 8/19/2014  -- -- -- -- -- -- -- -- -- --
CS-2B 8/19/2014  -- -- -- -- -- -- -- -- -- --

ͷ����͸ 



���������͸ǦͳǤ�ʹͲͳ͵�ʹͲͳͶ���������������������������ȋ���������Ȍ 
Station Sample Magnesium Potassium Sodium Fe Mn Se Total Total T-Rec T-Rec T-Rec T-Rec 
Name Date meq/l meq/l meq/l mg/l mg/l mg/l Fe Mn Fe Mn Al Hg 

mg/l mg/l mg/l mg/l mg/l mg/l 
------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------
CNS-1 7/12/2013 12.84 0.13 0.01 0.34 0.019 1010 16.6  -- -- -- --
CNS-1 7/16/2013 20.08 0.05 0.03 <0.05 0.015 7.65 0.091  -- -- -- --
CNS-1 7/16/2013  -- -- -- -- -- -- -- -- 5840 177 97.8  --
CNS-1 9/24/2013  -- -- -- -- -- -- -- -- 772 14.6 788  --
CNS-1 9/24/2013  -- -- -- -- -- -- -- -- 964 25.4 880  --
CNS-1 10/22/2013  -- -- -- -- -- -- -- -- 1780 52.8 1450  --
CNS-1 10/22/2013  -- -- -- -- -- -- -- -- 1790 52.8 1470  --
CNS-1 7/14/2014  -- -- -- -- -- -- -- -- 2910  -- 2660  --
CNS-1 7/14/2014  -- -- -- -- -- -- -- -- 3330  -- 2910  --
CNS-1 7/29/2014  -- -- -- -- -- -- -- -- 2780  -- 2590  --
CNS-1 8/19/2014  -- -- -- -- -- -- -- -- 9190  -- 4570  --
CNS-1 8/19/2014  -- -- -- -- -- -- -- -- 4260  -- 3810  --
CNS-1 9/3/2014  -- -- -- -- -- -- -- -- 1090  -- 1100  --

CS-2A 10/22/2013  -- -- -- -- -- -- -- -- 398 7.09 402  --
CS-2A 10/22/2013  -- -- -- -- -- -- -- -- 624 12.7 559  --
CS-2A 8/19/2014  -- -- -- -- -- -- -- -- 4340  -- 4200  --
CS-2A 8/19/2014  -- -- -- -- -- -- -- -- 2040  -- 2020  --

CS-2B 6/19/2013 13.17 0.30 0.01 1.87 0.118 0.001 757 10.3  -- -- -- --
CS-2B 10/22/2013  -- -- -- -- -- -- -- -- 315 5.65  -- --
CS-2B 10/22/2013  -- -- -- -- -- -- -- -- 508 10.4  -- --
CS-2B 8/19/2014  -- -- -- -- -- -- -- -- 2530  -- -- --
CS-2B 8/19/2014  -- -- -- -- -- -- -- -- 4760  -- -- --
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Appendix 6-2: Surface Water Statistical Report 

Station: CD-1a 

HISTORIC (1996-2012) 

Parameter Units Mean 
Standard 
Deviation Median Mode Range Minimum Maximum Count 

pH (s.u.) 8.2 0.2 8.3 8.2 1.3 7.3 8.6 107 
EC (umhos/cm) 1586 796 1530 2200 2800 260 3060 107 
TDS (mg/l) 1095 573 1100 785 2070 170 2240 107 
TSS (mg/l) <191 559 20 <2.5 3639 <1 3640 107 
Boron (mg/l) <6.9 68.02 <0.3 <0.05 703.98 <0.025 704.00 107 
Fluoride (mg/l) <1.78 1.20 1.37 3.00 4.44 0.05 4.49 107 
Chloride (mg/l) <51 39 38 <5 156 3 159 107 
Sulfate (mg/l) 484 248 540 460 1014 46 1060 107 
Dissolved Fe (mg/l) <0.107 0.26 <0.025 <0.025 2.3 <0.005 2.29 107 
Dissolved Mn (mg/l) <0.056 0.11 <0.025 <0.005 0.94 <0.0025 0.943 107 
Se (mg/l) <0.006 0.011 <0.003 <0.003 0.100 <0.0005 0.100 107 
Total Fe (mg/l) <3.66 12.12 0.37 <0.10 89.184 0.016 89.2 107 
Total Mn (mg/l) <0.199 1.10 0.04 <0.030 11.395 <0.005 11.4 107 

2013-2014 

Parameter Units Mean 
Standard 
Deviation Median Mode Range Minimum Maximum Count 

pH (s.u.) 8.2 0.2 8.3 8.3 0.6 7.9 8.5 8 
EC (umhos/cm) 1491 801 1245 N/A 2073 527 2600 8 
TDS (mg/l) 952 517 786 N/A 1268 342 1610 8 
TSS (mg/l) <15 26 7 8 78 <1 79 8 
Boron (mg/l) <0.3 0.23 <0.25 0.6 0.55 <0.05 0.6 8 
Fluoride (mg/l) 1.60 1.05 1.35 N/A 2.6 0.4 3 8 
Chloride (mg/l) 56 49 35 110 113 7 120 8 
Sulfate (mg/l) 363 200 305 N/A 500 120 620 8 
Dissolved Fe (mg/l) <0.05 0.06 <0.03 <0.03 0.18 <0.03 0.20 8 
Dissolved Mn (mg/l) 0.092 0.070 0.065 N/A 0.208 0.014 0.222 8 
Se (mg/l) <0.004 0.003 <0.003 0.002 0.008 <0.0005 0.008 8 
Total Fe (mg/l) <0.44 0.723 <0.21 0.080 2.175 <0.03 2.200 8 
Total Mn (mg/l) 0.096 0.067 0.066 N/A 0.187 0.043 0.230 8 
Aluminum, T-REC (mg/l) N/A N/A N/A N/A N/A N/A N/A N/A 
Iron, T-REC (mg/l) N/A N/A N/A N/A N/A N/A N/A N/A 
Manganese, T-REC (mg/l) N/A N/A N/A N/A N/A N/A N/A N/A 



Appendix 6-2: Surface Water Statistical Report 

Station: CD-2a 

Historic (1997-2012) 

Parameter Units Mean 
Standard 
Deviation Median Mode Range Minimum Maximum Count 

pH (s.u.) 8.3 0.1 8.3 8.3 0.7 7.9 8.6 56 
EC (umhos/cm) 2281 1006 2235 3910 4620 390 5010 56 
TDS (mg/l) 1713 819 1555 1400 3620 250 3870 56 
TSS (mg/l) <59.9 130 <17.9 8 838 <2.5 840 56 
Boron (mg/l) <4.32 30.30 <0.30 0.30 226.95 <0.05 227.00 56 
Fluoride (mg/l) 1.24 0.43 1.20 1.60 2.42 0.29 2.71 56 
Chloride (mg/l) 83 51 76 135 169 5 174 56 
Sulfate (mg/l) 910 447 825 1550 1883 87 1970 56 
Dissolved Fe (mg/l) <0.14 0.32 <0.03 <0.03 2.18 <0.01 2.18 56 
Dissolved Mn (mg/l) <0.030 0.071 <0.010 <0.005 0.501 <0.003 0.503 56 
Se (mg/l) <0.011 0.020 <0.005 <0.003 0.100 <0.001 0.100 56 
Total Fe (mg/l) <1.31 2.06 <0.40 0.18 10.38 <0.03 10.40 56 
Total Mn (mg/l) <0.410 2.802 <0.025 <0.010 20.998 <0.003 21.000 56 

2013-2014 

Parameter Units Mean 
Standard 
Deviation Median Mode Range Minimum Maximum Count 

pH (s.u.) 8.2 0.2 8.2 8.2 0.4 8.0 8.4 4 
EC (umhos/cm) 2051 1127 2115 N/A 2585 695 3280 4 
TDS (mg/l) 1441 835 1445 N/A 1945 465 2410 4 
TSS (mg/l) 97 144 35 N/A 304 6 310 4 
Boron (mg/l) 0.20 0.08 0.20 0.20 0.20 0.10 0.30 4 
Fluoride (mg/l) 1.03 0.28 1.05 N/A 0.60 0.70 1.30 4 
Chloride (mg/l) 85 65 85 N/A 151 9 160 4 
Sulfate (mg/l) 713 447 735 N/A 1020 180 1200 4 
Dissolved Fe (mg/l) <0.05 0.04 <0.03 <0.03 0.09 <0.03 0.11 4 
Dissolved Mn (mg/l) 0.011 0.004 0.012 N/A 0.008 0.0060 0.014 4 
Se (mg/l) <0.002 0.002 <0.002 N/A 0.005 <0.001 0.005 4 
Total Fe (mg/l) 2.523 3.549 1.055 N/A 7.560 0.210 7.770 4 
Total Mn (mg/l) 0.037 0.034 0.024 N/A 0.073 0.014 0.087 4 
Aluminum, T-REC (mg/l) N/A N/A N/A N/A N/A N/A N/A N/A 
Iron, T-REC (mg/l) N/A N/A N/A N/A N/A N/A N/A N/A 
Manganese, T-REC (mg/l) N/A N/A N/A N/A N/A N/A N/A N/A 



Appendix 6-2: Surface Water Statistical Report 

Station: CN-2 

2013-2014 

Parameter Units Mean 
Standard 
Deviation Median Mode Range Minimum Maximum Count 

pH (s.u.) 7.5 0.2 7.5 7.5 0.8 7.2 8.0 9 
TDS (mg/l) 1702 252 1790 N/A 640 1350 1990 5 
TSS (mg/l) 177361 139466 134000 N/A 433948 52 434000 9 
Alkalinity as CaCO3 (mg/l) 117 21 120 98 52 98 150 5 
Aluminum, T-REC (mg/l) 3006 711 3020 N/A 2350 1620 3970 8 
Iron, T-REC (mg/l) 3314 796 3405 N/A 2660 1650 4310 8 
Manganese, T-REC (mg/l) 102.7 45.3 96.9 N/A 107.1 54.9 162.0 4 



2013 

Appendix 6-2: Surface Water Statistical Report 

Station: CM-2 

Parameter Units Mean 
Standard 
Deviation Median Mode Range Minimum Maximum Count 

pH (s.u.) 8.0 0.3 7.8 7.8 0.6 7.8 8.4 3 
TDS (mg/l) 803 474 870 N/A 940 300 1240 3 
TSS (mg/l) 116733 81923 161000 N/A 144800 22200 167000 3 
Alkalinity as CaCO3 (mg/l) 99 12 100 N/A 23 87 110 3 
Aluminum, T-REC (mg/l) 1899 1128 2410 N/A 2074 606 2680 3 
Iron, T-REC (mg/l) 2311 1560 2810 N/A 2997 563 3560 3 
Manganese, T-REC (mg/l) 75.9 63.9 81.2 N/A 127.5 9.5 137.0 3 



Appendix 6-2: Surface Water Statistical Report 

Station: CS-2A 

2013-2014 

Parameter Units Mean 
Standard 
Deviation Median Mode Range Minimum Maximum Count 

pH (s.u.) 8.1 0.4 8.2 8.5 0.8 7.7 8.5 4 
TDS (mg/l) 410 28 410 N/A 40 390 430 2 
TSS (mg/l) 101225 87740 92700 N/A 170500 24500 195000 4 
Alkalinity as CaCO3 (mg/l) 105 7 105 N/A 10 100 110 2 
Aluminum, T-REC (mg/l) 1795 1761 1290 N/A 3798 402 4200 4 
Iron, T-REC (mg/l) 1851 1812 1332 N/A 3942 398 4340 4 
Manganese, T-REC (mg/l) 9.9 4.0 9.9 N/A 5.6 7.1 12.7 2 



Appendix 6-2: Surface Water Statistical Report 

Station: CS-2B 

2013-2014 

Parameter Units Mean 
Standard 
Deviation Median Mode Range Minimum Maximum Count 

pH (s.u.) 8.3 0.3 8.3 N/A 0.7 7.9 8.6 5 
TDS (mg/l) 500 135 460 N/A 260 390 650 3 
TSS (mg/l) 86460 113725 41600 N/A 268000 19000 287000 5 
Alkalinity as CaCO3 (mg/l) 272 285 120 N/A 505 95 600 3 
Aluminum, T-REC (mg/l) N/A N/A N/A N/A N/A N/A N/A N/A 
Iron, T-REC (mg/l) 2028 2079 1519 N/A 4445 315 4760 4 
Manganese, T-REC (mg/l) 8.0 3.4 8.0 N/A 4.8 5.7 10.4 2 



Appendix 6-2: Surface Water Statistical Report 

Station: CNS-1 

Historic (1997-1999) 

Parameter Units Mean 
Standard 
Deviation Median Mode Range Minimum Maximum Count 

pH (s.u.) 8.2 0.2 8.2 8.1 0.8 7.8 8.6 19 
EC (umhos/cm) 861 269 810 640 1000 590 1590 19 
TDS (mg/l) 639 189 580 540 790 360 1150 19 
TSS (mg/l) 97282 35178 84600 145000 120200 48800 169000 17 
Boron (mg/l) 0.08 0.08 0.06 0.05 0.37 0.03 0.39 18.00 
Fluoride (mg/l) <0.74 0.22 0.80 0.81 0.96 <0.03 0.98 19.000 
Chloride (mg/l) 17 11 13 11 41 6 47 19 
Sulfate (mg/l) 277 157 268 N/A 668 50 718 19 
Dissolved Fe (mg/l) <6.65 8.57 <3.33 <0.01 34.29 <0.01 34.30 18.000 
Dissolved Mn (mg/l) 0.337 0.430 0.150 0.005 1.345 0.005 1.350 19.000 
Se (mg/l) 0.003 0.001 0.003 0.003 0.003 0.003 0.005 19 
Total Fe (mg/l) 0.34 0.43 0.15 0.01 1.35 0.01 1.35 19 
Total Mn (mg/l) 5.843 6.207 4.920 N/A 22.040 0.060 22.100 19.000 

2013-2014 

Parameter Units Mean 
Standard 
Deviation Median Mode Range Minimum Maximum Count 

pH (s.u.) 7.7 0.3 7.6 7.6 1.0 7.2 8.2 13 
EC (umhos/cm) 1172 379 1172 N/A 536 904 1440 2 
TDS (mg/l) 776 270 900 940 640 360 1000 7 
TSS (mg/l) 245993 289494 112000 N/A 908719 281 909000 13 
Boron (mg/l) <0.05 0.00 <0.05 <0.05 0.00 <0.05 <0.05 2 
Fluoride (mg/l) <0.68 0.88 <0.68 N/A 1.25 <0.05 1.30 2 
Chloride (mg/l) 14 13 14 N/A 18 5 23 2 
Sulfate (mg/l) 370 226 370 N/A 320 210 530 2 
Dissolved Fe (mg/l) <0.18 0.22 <0.18 N/A 0.32 <0.03 0.34 2 
Dissolved Mn (mg/l) 0.017 0.003 0.017 N/A 0.004 0.0150 0.019 2 
Se (mg/l) N/A N/A N/A N/A N/A N/A N/A N/A 
Total Fe (mg/l) 508.825 708.768 508.825 N/A 1002.350 7.650 1010.000 2 
Total Mn (mg/l) 8.346 11.674 8.346 N/A 16.509 0.091 16.600 2 
Aluminum, T-REC (mg/l) 2030 1386 1470 N/A 4472 98 4570 11 
Iron, T-REC (mg/l) 3155 2522 2780 N/A 8418 772 9190 11 
Manganese, T-REC (mg/l) 64.5 65.1 52.8 52.8 162.4 14.6 177.0 5 
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Appendix 6-3. Surface Water Time Versus Concentration Graphs 
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Appendix 6-3. Surface Water Time Versus Concentration Graphs 
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Surface Water Trilinear Diagrams: 


-Chinde
 

-Cottonwood
 

-Chinde and Cottonwood 
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Legend�Key 
Station�ID�(Sample�Date�Range,�Count�of�Analyses) 



Legend�Key 
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Legend�Key 
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2012-14 Groundwater Quality Report 
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�������������������������������������������������������������������������������������������������������������������������������������������������
�	͵ǦͳʹǦ͵ ͺȀ͵ͲȀʹͲͳʹ ���
�	͵ǦͳʹǦ͵ ͻȀʹ͵ȀʹͲͳ͵ ���
�	͵ǦͳʹǦ͵ ͹ȀͳͺȀʹͲͳͶ ���
 

Coal�Seam�4Ǧ6:����2012�&�2014�Lab�Data���� ������ ��� ��� ������� ���� �� ������� ǦͳͺͲ �� ��Ͷ �� �� � �� ���Ǥ�Ǥ ����Ȁ�� ���Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ�ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ �	ͺͶǦͳͺ� ͻȀʹ͹ȀʹͲͳʹ ͹Ǥ͸ ʹʹͶͲͲ ͳͳ͸ͲͲ ͺ͵ͲͲ ͳ ͳ͹͸ ͶͻǤ͵ ͳ͹Ǥͷ ͶͷͺͲ δͲǤͲͲͳ�	ͺͶǦͳͺ� ͻȀʹͲȀʹͲͳ͵ 8 10100 11300 8100 43 151 48.2 19.4 4500 δͲǤͲͲͳ�	ͺͶǦͳͺ� ͺȀʹ͸ȀʹͲͳͶ ͹Ǥͷ ͳͻ͸ͲͲ ͳͳ͸ͲͲ ͹ͳͲͲ δͳͲ ͳ͵ͻ Ͷ͵Ǥʹ ͳͻ Ͷ͵ʹͲ δͲǤͲͲͳ�	ͺͶǦʹͲ�������������������	�������ǡ�ʹͲͳʹǤ���	ͶǦͳʹǦͳ��������������������������Ǥ�	ͶǦͳʹǦͳ ͻȀʹ͹ȀʹͲͳʹ
�	ͶǦͳʹǦͳ ͺȀͳͻȀʹͲͳ͵ ����������������������������������������������������������
�	ͶǦͳʹǦͳ ͹ȀͳͺȀʹͲͳͶ ���
 

Coal�Seam�7:����2012�&�2014�Lab�Data 

���� ������ ��� ��� ������� ���� �� ������� ǦͳͺͲ �� ��Ͷ �� �� � �� ���Ǥ�Ǥ ����Ȁ�� ���Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ�ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ �	ͺͶǦʹͲ� �����������������	�������ǡ�ʹͲͳʹǤ���	͹ǦͳʹǦͳ����������������������������Ǥ�	ͺͶǦʹʹ� ͻȀͳ͵ȀʹͲͳʹ ����������	ͺͶǦʹʹ� ͻȀͳͻȀʹͲͳ͵ 8.1 12400 5670 3900 5* 61.1 18.8 12.8 2540 δͲǤͲͲͳ�	ͺͶǦʹʹ� ͹ȀͳͺȀʹͲͳͶ �	͹ǦͳʹǦͳ ͻȀʹ͹ȀʹͲͳʹ
�	͹ǦͳʹǦͳ ͺȀͳͻȀʹͲͳ͵ 
������������������������������������������������������������������������������������
�	͹ǦͳʹǦͳ ͹ȀͳͺȀʹͲͳͶ ���
 

ͳ����Ͷ 



���������͸Ǧͷǣ�ʹͲͳʹǦʹͲͳͶ�
��������������������������ȋ���������Ȍ 
Coal�Seam�8:����2012�to�2014�Lab�Data���� ������ ��� ��� ������� ���� �� ������� ǦͳͺͲ �� ��Ͷ �� �� � �� ���Ǥ�Ǥ ����Ȁ�� ���Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ�ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ �	ͺͶǦͳͺ� ͻȀʹ͹ȀʹͲͳʹ ͹Ǥʹ ͳ͹ͳͲͲ ͺ͹ͻͲ ͷ͸ͲͲ ͳ ͳͶ͹ ʹͺǤʹ ͳʹǤͷ ͵ͶͶͲ δͲǤͲͲͳ
 �	ͺͶǦͳͺ� ͻȀͻȀʹͲͳ͵ 7.5 18300 8980 5700 12 148 30.3 16.1 3770 δͲǤͲͲͳ
�	ͺͶǦͳͺ� ͺȀʹ͸ȀʹͲͳͶ ������������Ǥ�������������������������Ǥ
 

�	ͺͶǦʹʹ� ͻȀͳ͵ȀʹͲͳʹ ���������
 �	ͺͶǦʹʹ� ͻȀͳͻȀʹͲͳ͵ 8.0 6650 4140 270 2300 14.6 3.5 6.1 1620 0.002
�	ͺͶǦʹʹ� ͹ȀͳͺȀʹͲͳͶ ����������������������������
 

������Ǧʹ ͻȀʹͲȀʹͲͳʹ ͺǤͲ ͳͲ͸ͲͲ ͹ʹͶͲ ͺͲͲ ͳͺͲͲ ͳʹǤ͸ ͷǤ͵ ͹Ǥʹ ʹ͸ͲͲ ͲǤͳ͸ʹ
������Ǧʹ ͳʹȀ͸ȀʹͲͳʹ ͺǤʹ ͻͻͺͲ ͸͸͸Ͳ ͺͳͲ ͳ͹ͲͲ ͳͳǤͷ ͷǤ͵ ͺǤ͵ ʹ͸ͲͲ ͲǤͲͲ͵
������Ǧʹ ͵Ȁʹ͸ȀʹͲͳ͵ ͺǤͲ ͳͲ͹ͲͲ ͸ͻͺͲ ͺ͹Ͳ ʹʹͲͲ ͳʹǤ͹ ͶǤ͹ ͺǤͶ ʹͷ͵Ͳ ͲǤ͵Ͳ͹
������Ǧʹ ͸ȀͶȀʹͲͳ͵ ͺǤͲ ͳͲͶͲͲ ͹ͷͷͲ ͺͻͲ ʹͷͲͲ ͳʹǤͺ ͶǤͻ ͺǤ͹ ʹ͸ͲͲ ͲǤͲͳͳ
������Ǧʹ 9/20/2013 8 10200 6100 900 2300 11.5 4.6 8.5 2550 0.008
������Ǧʹ ͳʹȀʹͲȀʹͲͳ͵ 8.0 10800 7350 860 2300 12 4.6 7.7 2570 δͲǤͲͲͳ
������Ǧʹ ͵ȀͳʹȀʹͲͳͶ 7.9 10200 7030 870 2300 13.5 5.4 7.9 2710 ND
������Ǧʹ ͸Ȁ͵ȀʹͲͳͶ 8 9760 7330 710 1800 11.4 4.7 8.1 2640 0.015
������Ǧʹ ͺȀ͸ȀʹͲͳͶ 8.2 9970 7330 680 1700 11.8 4.58 7.6 2400 <0.006
 

Quarternary�Alluvium�Groundwater�2012Ǧ2014�Lab�Data���� ������ ��� ��� ������� ���� �� ������� ǦͳͺͲ �� ��Ͷ �� �� � �� ���Ǥ�Ǥ ����Ȁ�� ���Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ�ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ���Ǧͳ ͵ȀͷȀʹͲͳʹ ͹Ǥʹ ʹ͵͵ͲͲ ͳͷ͹ͲͲ ͷ͸ͲͲ ͶͲͲͲ Ͷ͵ʹ ͳͶʹ ͳ͸Ǥͳ ͶͺͳͲ δͲǤͲͲͳ ���Ǧͳ ͸Ȁ͸ȀʹͲͳʹ ͹ǤͶ ʹ͵ͶͲͲ ͳͷ͹ͲͲ ͷͻͲͲ ͶʹͲͲ Ͷͺͷ ͳͷͺ ͳͺǤ͵ ͷͲ͸Ͳ δͲǤͲͲͳ ���Ǧͳ ͻȀͳͺȀʹͲͳʹ ͹ǤͶ ʹʹ͹ͲͲ ͳͶ͵ͲͲ ͷͻͲͲ ͶͶͲͲ Ͷ͵͸ ͳͶ͵ ͳͺǤͳ ͶͺͷͲ δͲǤͲͲͳ ���Ǧͳ ͳʹȀ͵ȀʹͲͳʹ ͹Ǥʹ ʹʹ͸ͲͲ ͳͷͶͲͲ ͷͶͲͲ Ͷ͵ͲͲ Ͷ͵ͳ ͳͶʹ ͳ͸Ǥͻ ͶͺʹͲ δͲǤͲͲͳ ���Ǧͳ ʹȀͳ͵ȀʹͲͳʹ ͹Ǥ͵ ʹ͵ͶͲͲ ͳͷͶͲͲ ͷͺͲͲ ͷ͵ͲͲ Ͷͷʹ ͳͷͲ ͳͺǤͻ ͷʹ͵Ͳ ͲǤͲͲʹ���Ǧͳ ͶȀͳ͹ȀʹͲͳ͵ ͹Ǥ͵ ʹ͵ͲͲͲ ͳͶ͵ͲͲ ͷͶͲͲ ͷͲͲͲ ͶͶʹ ͳͶ͸ ͳ͹Ǥ͸ ͷͳͷͲ δͲǤͲͲͳ ���Ǧͳ ͺȀʹͳȀʹͲͳ͵ 7.3 23100 13500 5800 5300 452 155 16.8 4900 δͲǤͲͲͳ���Ǧͳ ͳͳȀͶȀʹͲͳ͵ 7.4 21300 15900 5200 4800 423 138 17.8 4890 δͲǤͲͲͳ���Ǧͳ ͵Ȁ͸ȀʹͲͳͶ 7.3 21900 15400 5400 5100 447 144 18.4 4870 δͲǤͲͲͳ���Ǧͳ ͷȀʹ͹ȀʹͲͳͶ 7.3 22700 15800 4800 4100 411 146 16.5 4840 δͲǤͲͲͳ���Ǧͳ ͻȀͶȀʹͲͳͶ 7.2 20800 16100 5000 4300 438 143 16.7 5010 δͲǤͲͲͳ ��Ǧʹ ͷȀͻȀʹͲͳ͵ ͸Ǥͻ ͸ͳ͵Ͳ Ͷͺ͵Ͳ ͳͻͲ ʹʹͲͲ ͷ͸͸ ͳ͵Ͳ ͹Ǥͳ ͻͺͲ δͲǤͲͲͳ ��Ǧʹ ͺȀͻȀʹͲͳ͵ 6.6 6010 4660 190 2300 525 120 7.2 932 δͲǤͲͲͳ��Ǧʹ ͳʹȀͷȀʹͲͳ͵ 6.9 5850 4930 200 2400 509 119 7 876 δͲǤͲͲͳ��Ǧʹ ͵ȀͶȀʹͲͳͶ 6.7 5950 4840 190 2400 520 119 5.6 891 δͲǤͲͲͳ��Ǧʹ ͷȀʹͲȀʹͲͳͶ 6.6 6120 5030 150 2300 471 128 7.2 951 δͲǤͲͲͳ��Ǧʹ ͺȀ͹ȀʹͲͳͶ 6.6 5800 4590 130 1900 483 111 6.6 883 δͲǤͲͲͳ 
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Quarternary�Alluvium�Groundwater�2012Ǧ2014�Lab�Data���� ������ ��� ��� ������� ���� �� ������� ǦͳͺͲ �� ��Ͷ �� �� � �� ���Ǥ�Ǥ ����Ȁ�� ���Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ�ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ��Ǧ͵ ͻȀͳͻȀʹͲͳʹ ͹Ǥͳ ͸ͳͶͲ ͷͳͲͲ ͷͺ ͵͵ͲͲ ͶͶͷ ʹ͵ʹ ʹǤ͸ ͹͹ͳ δͲǤͲͲͳ��Ǧ͵ ͳʹȀ͵ȀʹͲͳʹ ͹Ǥͳ ͺͳͲͲ ͸͹ͻͲ ʹͻͲ ͵͹ͲͲ ͷʹͻ ʹ͹͸ ͶǤͶ ͳ͵ʹͲ δͲǤͲͲͳ��Ǧ͵ ʹȀͳ͵ȀʹͲͳ͵ ͹ǤͶ ͺ͵ͳͲ ͹ͲͻͲ ʹ͹Ͳ Ͷ͵ͲͲ Ͷ͸͹ ʹͷͲ ͵Ǥʹ ͳ͸ͶͲ δͲǤͲͲͳ��Ǧ͵ ͶȀʹʹȀʹͲͳ͵ ͹ǤͲ ͷ͹ʹͲ ͶͻʹͲ ͺʹ ͵ͳͲͲ ͶʹͶ ʹʹͶ ʹǤ͵ ͹Ͷͻ δͲǤͲͲͳ��Ǧ͵ ͺȀʹ͸ȀʹͲͳ͵ 7 6430 5190 110 4000 466 225 3.5 950 δͲǤͲͲͳ��Ǧ͵ ͳʹȀͳͻȀʹͲͳ͵ 6.9 5350 4760 66 3000 504 227 2 602 δͲǤͲͲͳ��Ǧ͵ ͵ȀͷȀʹͲͳͶ 7.1 5990 5070 110 3300 448 157 6 979 0.001��Ǧ͵ ͷȀʹʹȀʹͲͳͶ 6.9 6460 6070 61 3500 487 203 5 1040 δͲǤͲͲͳ��Ǧ͵ ͺȀ͹ȀʹͲͳͶ 7 5730 5140 52 2900 476 193 2.6 728 δͲǤͲͲͳ ��ǦͶ ͻȀʹͲȀʹͲͳʹ ͹ǤͲ ͵ͺʹͲ ʹ͹ͲͲ ͵͹ ͳʹͲͲ ʹͺ͸ ͷͲǤ͸ ͶǤ͵ ͷͻͳ ͲǤͲͳͳ��ǦͶ ͳͳȀͳͷȀʹͲͳʹ ͹Ǥͻ ͵ͷͲͲ ʹͷͶͲ ͶͲ ͳʹͲͲ ʹ͸ʹ ͶʹǤͺ ͷ ͷͺͳ δͲǤͲͲͳ��ǦͶ ͵ȀͶȀʹͲͳ͵ ͹Ǥͷ ͶͳͲͲ ʹͻ͹Ͳ ͹ͺ ͳͷͲͲ ͵ʹ͵ ͶͺǤ͹ ͷǤͻ ͸͸ͳ δͲǤͲͲͳ��ǦͶ ͷȀʹȀʹͲͳ͵ ͹Ǥͳ ͵ͻͷͲ ʹͻͳͲ ͸͸ ͳͷͲͲ ʹͻͻ ͶͷǤ͹ ͷǤͶ ͸Ͷ͵ δͲǤͲͲͳ��ǦͶ ͺȀʹ͸ȀʹͲͳͶ 7.0 4470 3150 85 1900 340 58.4 5.2 742 0.001��ǦͶ ͳʹȀͳͻȀʹͲͳ͵ 7.0 4560 3390 76 1800 354 59.6 5.8 696 0.001��ǦͶ ͵Ȁ͸ȀʹͲͳͶ 7 4630 3560 84 2000 343 60.2 6.4 762 0.001��ǦͶ ͷȀʹʹȀʹͲͳͶ 7 4000 3220 47 1500 305 52.6 5 706 δͲǤͲͲͳ��ǦͶ ͹ȀʹͻȀʹͲͳͶ ͹Ǥ͹ ͵ͷ͸Ͳ ʹͶͻͲ ͺͷ ͳ͵ͲͲ ͹ͻǤʹ ͳͷǤͶ ͵Ǥͻ ͸ͻ͸ δͲǤͲͲͳ ��Ǧͷ ͻȀʹ͹ȀʹͲͳʹ ͹Ǥ͵ Ͷͳ͸Ͳ ͵ͶʹͲ ͸Ͷ ͳ͹ͲͲ ͵ͷͶ ͶͷǤͻ ͵Ǥͺ ͸ͺͷ δͲǤͲͲͳ��Ǧͷ ͳͳȀͳͷȀʹͲͳʹ ͺǤͳ ͳͳ͹ͲͲ ͻͲ͹Ͳ ͳ͵Ͳ ͷͺͲͲ ͳʹͺ ͳͳͲ ͳͲǤͳ ʹͻ͸Ͳ ͲǤͲͲʹ��Ǧͷ ͵ȀͷȀʹͲͳ͵ ͹Ǥͺ ͳͳͷͲͲ ͻͲͲͲ ͳͺͲ ͷ͹ͲͲ ͳͶͳ ͻ͵Ǥ͸ ͻǤͶ ʹ͹͹Ͳ ͲǤͲͲʹ��Ǧͷ ͷȀʹȀʹͲͳ͵ ͹Ǥͺ ͳͳ͵ͲͲ ͺͺ͹Ͳ ͳͺͲ ͷ͸ͲͲ ͳʹͻ ͳͲͳ ͻǤͶ ʹ͹ͳͲ ͲǤͲͲʹ��Ǧͷ ͻȀʹ͵ȀʹͲͳ͵ 8.0 11400 7780 170 5800 137 116 9.7 2730 0.002��Ǧͷ ͳʹȀͳͲȀʹͲͳ͵ 7.8 11200 9290 180 5900 138 112 9.2 2760 0.001��Ǧͷ ͵Ȁ͵ȀʹͲͳͶ 7.8 11300 8770 170 5900 156 103 10.5 2640 0.001��Ǧͷ ͷȀʹͳȀʹͲͳͶ 8.5 11500 10000 130 5800 149 117 10.2 3030 0.001����������������������������������������������������������Ǧͳ����Ǧͳ����Ǧͳ� ������������������������͸ȀͳʹȀʹͲͳ͵ ͹ǤͶ Ͷͷ͸Ͳ ͶͲʹͲ ͷ͸ ʹͶͲͲ Ͷͺʹ ͷ͸Ǥͷ ͷǤͷ ͸ͳ͸ δͲǤͲͲͳͺȀͷȀʹͲͳ͵ 7.3 4530 3910 59 2400 497 58.5 6.2 627 0.001*ͳͲȀ͵ͳȀʹͲͳ͵ 7.3 4430 3880 65 2200 511 58.7 5.9 548 0.001*ʹȀʹ͹ȀʹͲͳͶ 7.3 4730 4100 77 2400 516 66.5 5.9 646 0.001ͷȀͳͶȀʹͲͳͶ 7.4 4720 4080 62 2500 503 64.9 5.3 731 0.001* 

���Ǧͳ����Ǧͳ����Ǧͳ����Ǧͳ����Ǧͳ����Ǧͳ� ͹Ȁ͵ͲȀʹͲͳͶ 7.6 5020 4420 59 2500 534 63.1 5.9 726 0.001* ���Ǧʹ ͻȀͳͺȀʹͲͳʹ ���
���Ǧʹ ͳͲȀͳȀʹͲͳʹ ���
���Ǧʹ ͳȀʹͷȀʹͲͳ͵ ���
���Ǧʹ ͶȀͳͳȀʹͲͳ͵ ���
���Ǧʹ ͺȀͷȀʹͲͳ͵ ���
���Ǧʹ ͳͲȀ͵ͳȀʹͲͳ͵ ���
���Ǧʹ ʹȀͳ͵ȀʹͲͳͶ ���
���Ǧʹ ͶȀʹͻȀʹͲͳͶ ���
���Ǧʹ ͹ȀͳͺȀʹͲͳͶ ���
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Quarternary�Alluvium�Groundwater�2012Ǧ2014�Lab�Data���� ������ ��� ��� ������� ���� �� ������� ǦͳͺͲ �� ��Ͷ �� �� � �� ���Ǥ�Ǥ ����Ȁ�� ���Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ� ��Ȁ�ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ ǦǦǦǦǦǦǦ���Ǧ͵ ͻȀͳͺȀʹͲͳʹ ������Ǧ͵ ͳͲȀͳȀʹͲͳʹ ������Ǧ͵ ͳȀʹͷȀʹͲͳ͵ ������Ǧ͵ ͶȀͳͳȀʹͲͳ͵ ������Ǧ͵ ͺȀͷȀʹͲͳ͵ ������Ǧ͵ ͳͲȀ͵ͳȀʹͲͳ͵ ������Ǧ͵ ʹȀͳ͵ȀʹͲͳͶ ������Ǧ͵ ͷȀͳͶȀʹͲͳͶ���Ǧ͵ ͹ȀͳͺȀʹͲͳͶ �����������������������������������������������������������ǦͶ ͻȀͳͺȀʹͲͳʹ ͹Ǥ͹ ͵ͷ͸Ͳ ʹͶͷͲ ͺͺ ͳ͵ͲͲ ͹ͻǤ͵ ͳͷǤͷ ͷǤͳ ͹ͲͶ ͲǤͲͲ͵���ǦͶ ͳʹȀͳͳȀʹͲͳʹ ͹Ǥͺ ͵͸ͶͲ ʹ͵͸Ͳ ͳͳͲ ͳͳͲͲ ͺʹǤͶ ͳ͸Ǥͺ ͶǤͶ ͹͵ͺ δͲǤͲͲͳ���ǦͶ ͵ȀͶȀʹͲͳ͵ ͹Ǥ͸ ͵͹ͲͲ ʹͳͺͲ ͳͳͲ ͳ͵ͲͲ ͺͳǤͳ ͳ͸Ǥͷ ͶǤ͵ ͹ͺʹ δͲǤͲͲͳ���ǦͶ ͶȀʹʹȀʹͲͳ͵ ͹Ǥͻ ͵͸ͻͲ ʹͳͺͲ ͳ͵Ͳ ͳ͵ͲͲ ͹ͳǤͶ ͳͶǤ͸ ͶǤͳ ͹ͷͻ δͲǤͲͲͳ���ǦͶ ͺȀʹ͹ȀʹͲͳͶ 7.7 3680 2390 99 1400 76 15.9 4.1 757 δͲǤͲͲͳ���ǦͶ ͳʹȀͳͲȀʹͲͳ͵ 7.7 3560 2530 110 1300 74.6 14.8 3.8 719 δͲǤͲͲͳ���ǦͶ ͵ȀͶȀʹͲͳ͵ 7.7 3650 2560 110 1300 85.6 17 4.5 780 δͲǤͲͲͳ���ǦͶ ͷȀͳͶȀʹͲͳͶ 7.8 3620 2450 97 1400 78.9 16.1 4.1 773 0.001*���ǦͶ ͹ȀʹͻȀʹͲͳͶ 7.7 3560 2490 85 1300 79.2 15.4 3.9 696 0.001* 

Ͷ����Ͷ 
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APPENDIX 6-6 GROUNDWATER STATISTICAL REPORT  

CA-2 (2013-2014) 
Stats 

pH EC TDS Chloride Sulfate Selenium 
(s.u.) (umhos/cm) (mg/l) (mg/l) (mg/l) (mg/l) 

Mean 6.68 5946 4810 172 2260 <0.0005 
Standard Deviation 0.13 127 183 30 207 0.000 
Median 6.60 5950 4840 190 2300 <0.0005 
Mode 6.60 N/A N/A 190 2300 0.001 
Range 0.30 320 440 70 500 0.000 
Minimum 6.60 5800 4590 130 1900 <0.0005 
Maximum 6.90 6120 5030 200 2400 <0.001 
Count 5 5 5 5 5 5 
� 

CA-3 (2012-2014) 
Stats 

pH EC TDS Chloride Sulfate Selenium 
(s.u.) (umhos/cm) (mg/l) (mg/l) (mg/l) (mg/l) 

Mean 7.06 6470 5570 122 3456 <0.0006 
Standard Deviation 0.15 1046 861 92 469 0.0002 
Median 7.00 6140 5140 82 3300 <0.0005 
Mode 7.10 N/A N/A 110 3300 <0.0005 
Range 0.50 2960 2330 238 1400 0.0005 
Minimum 6.90 5350 4760 52 2900 <0.0005 
Maximum 7.40 8310 7090 290 4300 0.001 
Count 9 9 9 9 9 9 
� 

CA-4 (2012-2014) 
Stats 

pH EC TDS Chloride Sulfate Selenium 
(s.u.) (umhos/cm) (mg/l) (mg/l) (mg/l) (mg/l) 

Mean 7.19 4144 3077 62 1578 <0.0018 
Standard Deviation 0.31 373 327 19 282 0.003 
Median 7.00 4100 3150 66 1500 <0.0005 
Mode 7.00 N/A N/A N/A 1500 <0.0005 
Range 0.90 1130 1020 48 800 0.0105 
Minimum 7.00 3500 2540 37 1200 <0.0005 
Maximum 7.90 4630 3560 85 2000 0.011 
Count 9 9 9 9 9 9 
� 

� 1� 



       

   

 

      

 

   

    

       

   

  

APPENDIX 6-6 GROUNDWATER STATISTICAL REPORT (Continued)� 
� 

CA-5 (2012-2014) 
Stats 

pH EC TDS Chloride Sulfate Selenium 
(s.u.) (umhos/cm) (mg/l) (mg/l) (mg/l) (mg/l) 

Mean 7.89 10573 8411 147 5289 <0.0015 
Standard Deviation 0.32 2412 1966 40 1355 0.0006 
Median 7.80 11300 9000 170 5800 0.002 
Mode 7.80 11500 N/A 180 5800 0.002 
Range 1.20 7540 6580 116 4200 0.0015 
Minimum 7.30 4160 3420 64 1700 <0.0005 
Maximum 8.50 11700 10000 180 5900 0.002 
Count 9 9 9 9 9 9 
� 

CWA-1b (2013-2014) 
Stats 

pH EC TDS Chloride Sulfate Selenium 
(s.u.) (umhos/cm) (mg/l) (mg/l) (mg/l) (mg/l) 

Mean 7.38 4686 4078 64 2400 <0.0005 
Standard Deviation 0.13 226 215 7 122 0.0002 
Median 7.30 4720 4080 62 2400 <0.0005 
Mode 7.30 N/A N/A 59 2400 <0.0005 
Range 0.30 590 540 18 300 0.001 
Minimum 7.30 4430 3880 59 2200 <0.0005 
Maximum 7.60 5020 4420 77 2500 0.001 
Count 5 5 5 5 5 5 
� 

CWA-4 (2012-2014) 
Stats 

pH EC TDS Chloride Sulfate Selenium 
(s.u.) (umhos/cm) (mg/l) (mg/l) (mg/l) (mg/l) 

Mean 7.73 3629 2399 104 1300 <0.0008 
Standard Deviation 0.09 57 139 14 87 0.0008 
Median 7.70 3640 2450 110 1300 <0.0005 
Mode 7.70 3560 2450 110 1300 <0.0005 
Range 0.30 140 380 45 300 0.0025 
Minimum 7.60 3560 2180 85 1100 <0.0005 
Maximum 7.90 3700 2560 130 1400 0.003 
Count 9 9 9 9 9 9 
� 

� 2� 



    

   

 
 

APPENDIX 6-6 GROUNDWATER STATISTICAL REPORT (Continued)� 
� 

QAC-1 (1985-2014) 

Stats
 

pH EC TDS Boron Fluoride Chloride Sulfate Selenium 
(s.u.) (umhos/cm) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

Mean 7.41 18964 13843 1.46 1.37 4256 4539 <0.018 
Standard Deviation 0.27 4875 1698 0.24 1.40 996 707 0.058 
Median 7.32 20100 13700 1.46 0.85 4500 4420 0.002 
Mode 7.30 14000 14300 1.40 0.70 4900 4400 0.001 
Range 1.17 25420 9800 2.18 7.50 5000 5300 0.500 
Minimum 7.02 1280 7700 0.74 0.01 1200 500 <0.0005 
Maximum 8.19 26700 17500 2.92 7.50 6200 5800 0.500 
Count 119 119 117 71 71 119 118 119 
�
 

� 3�
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Appendix 6-7: Groundwater Static Water Levels and Time Versus Concentration Graphs for Coal Seam 3 
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Appendix 6-7: Groundwater Static Water Levels and Time Versus Concentration Graphs for Coal Seam 3 
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Appendix 6-7: Groundwater Static Water Levels and Time Versus Concentration Graphs for Coal Seam 3 
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Appendix 6-7: Groundwater Static Water Levels and Time verses Concentration Graphs for Coal Seams 4-6 
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Appendix 6-7: Groundwater Static Water Levels and Time verses Concentration Graphs for Coal Seams 4-6 
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Appendix 6-7: Groundwater Static Water Levels and Time verses Concentration Graphs for Coal Seams 4-6 
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Appendix 6-7. Groundwater Static Water Levels and Time verses Concentration Graphs for Coal Seam 7 
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Appendix 6-7. Groundwater Static Water Levels and Time verses Concentration Graphs for Coal Seam 7 
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Appendix 6-7. Groundwater Static Water Levels and Time verses Concentration Graphs for Coal Seam 7 
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Appendix 6-7: Groundwater Static Water Levels and Time verses Concentration Graphs for Coal Seam 8 
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Appendix 6-7: Groundwater Static Water Levels and Time verses Concentration Graphs for Coal Seam 8 
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Appendix 6-7: Groundwater Static Water Levels and Time verses Concentration Graphs for Coal Seam 8 
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Appendix 6-7: Groundwater Static Water Levels and Time versus Concentration Graphs for Cottonwood Alluvial Wells 
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Appendix 6-7: Groundwater Static Water Levels and Time versus Concentration Graphs for Cottonwood Alluvial Wells 
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Appendix 6-7: Groundwater Static Water Levels and Time versus Concentration Graphs for Cottonwood Alluvial Wells 
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Legend�Key 
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NAVAJO MINE PRECIPITATION DATA (inches) 

ANNUAL ANNUAL 
NAVAJO MET I ANNUAL MONTHLY MONTHLY 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL MAXIMUM MINIMUM 
1991 * * * 0.1 0.71 0.11 0.28 0.78 1.52 0.47 1.96 1.43 1.96 0.1 
1992 0.14 0.17 0.97 0.04 1.27 0.01 0.88 1.58 0.52 0.39 0.19 0.48 6.64 1.58 0.01 
1993 1.79 0.69 0.48 0.12 0.19 * 0.01 2.55 0.55 0.89 * 0.07 7.34 2.55 0.01 
1994 0.04 0.38 0.12 0.24 1.27 0.11 0.18 0.59 1.18 0.85 0.47 0.42 5.85 1.27 0.04 
1995 0.44 0.28 0.79 1.2 0.45 0.38 0.13 0.76 0.97 0.03 0.18 0.49 6.1 1.2 0.03 
1996 0.16 0.31 0.24 0.14 0.14 0.67 0.08 0.36 0.47 1.73 0.32 0.16 4.78 1.73 0.08 
1997 0.53 0.1 0 2.62 0.71 0.66 1.02 1.61 1.28 0.26 0.54 0.6 9.93 2.62 0 
1998 0.24 0.53 0.23 0.03 0.01 0 0.54 1.37 0.68 1.87 1.00 0.04 6.54 1.87 0 
1999 0.16 0 0.14 1.18 1.43 0.41 1.29 3.34 0.23 0.01 0.13 0.14 8.46 3.34 0 
2000 0.47 0.1 1.8 0 0 0.05 0.28 0.57 0.35 1.14 0.46 0.14 5.36 1.8 0 
2001 0.39 0.41 1.39 0.36 0.6 0.01 0.32 1.23 0.31 0.26 0.41 0.36 6.05 1.39 0.01 
2002 0.01 0 0.06 0.32 0 0 0.09 0.22 2.77 1.33 0.57 0.26 5.63 2.77 0 
2003 0.18 1.15 0.37 0.01 0.06 0 0.01 0.66 0.22 1.12 0.07 0.03 3.88 1.15 0 
2004 0.19 0.38 0.01 0.06 0.03 0.04 0.37 0.16 1.78 0.56 0.56 0.14 4.28 1.78 0.01 
2005 1 1.3 0.33 0.86 0.22 0.23 0.21 1.67 0 0.72 0 0.02 6.56 1.67 0 
2006 0.12 0.04 0.12 0.28 0.01 0 1.26 0.18 0.63 1.35 0 0.28 4.27 1.35 0 
2007 0.38 0.3 0 0.06 0.23 0.02 1.23 1.34 0.54 0.16 0.01 0.2 4.47 1.34 0 
2008 0.62 0.68 0.02 0.08 0.27 0.03 0.99 1.01 0.08 0.39 0.67 0.61 5.45 1.01 0.02 
2009 0.19 0.15 0.13 0.47 1.3 0.47 0.15 0.03 0.08 0.47 0.19 0.12 3.75 1.3 0.03 
2010 1.2 0.85 0.72 0.23 0.1 0.13 0.54 1.25 0.81 1.05 0.06 0.57 7.51 1.25 0.06 
2011 0.15 0.04 0.24 0.91 0.47 0 0.56 0.2 0.42 1.71 0.62 0.18 5.50 1.71 0 
2012 0.06 0.3 0.06 0 0.05 0.11 0.84 0.29 0.43 0.14 0.12 0.6 3.00 0.84 0 
2013 0.87 0.16 0.11 0.34 0.11 0.33 0.11 0.99 2.84 0.9 0.67 0.17 7.60 2.84 0.11 
2014 0.06 0.28 0.97 0.22 0.28 0.26 0.43 1.11 - - - - 3.6 1.11 0.06 

Monthy Average  0.42  0.38  0.38  0.42  0.42  0.17  0.49  0.99  0.81  0.77  0.42  0.33  5.86  1.75  0.02  
Data collected from Custer plot (2000).  MET II  substituted in portions (2004) and (2007) due to missing data at MET I 



NAVAJO MINE PRECIPITATION DATA (inches) 

ANNUAL ANNUAL 
NAVAJO MET II ANNUAL MONTHLY MONTHLY 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL MAXIMUM MINIMUM 
1991 * * * * 1.01 0.27 0.05 1.33 0.12 0.19 0.2 0.29 
1992 0.1 0.11 0.87 0.01 0.88 0.02 0.04 2.47 0.57 0.33 0.1 0.27 5.77 2.47 0.01 
1993 1.23 0.5 0.33 0.2 0.55 * 0.07 1.13 1.18 0.8 0.45 * 6.44 1.23 0.07 
1994 0.01 0.5 0.14 0.27 1.07 0.13 0.6 0.19 1.02 0.69 0.33 0.3 5.25 1.07 0.01 
1995 0.19 0.22 0.35 0.61 0.37 0.31 0.2 0.96 0.58 0.01 0.07 0.44 4.31 0.96 0.01 
1996 0.06 0.16 0.07 0.05 0.03 1.15 0.42 0.88 0.26 0.93 0.29 0.06 4.36 1.15 0.03 
1997 0.22 0.05 0 2.23 0.87 0.27 1.38 1.26 0.94 0.23 0.27 0.48 8.2 2.23 0 
1998 0.1 0.33 0.17 0.05 0 0 0.38 0.52 0.48 1.5 0.67 0.01 4.21 1.5 0 
1999 0.13 0 0.38 1.04 0.94 0.11 0.84 2.19 0.17 0 0 0.04 5.84 2.19 0 
2000 0.34 0.05 1.5 0.03 0 0.01 0.5 0.54 0.14 0.93 0.27 0.1 4.41 1.5 0 
2001 0.25 0.28 0.93 0.19 0.35 0.01 0.94 1.03 0.16 0.10 0.11 0.25 4.60 1.03 0.01 
2002 0 0 0.03 0.27 0 0 0.13 0.39 2.36 0.84 0.49 0.16 4.67 2.36 0 
2003 0.14 0.79 0.35 0.17 0.08 0.01 0.66 0.92 0.69 0.88 0.49 0.05 5.23 0.92 0.01 
2004 0.19 0.38 0.01 0.04 0 0.1 0.2 0.03 1.45 0.87 0.42 0.13 3.82 1.45 0 
2005 0.65 1.26 0.22 0.63 0.25 0.08 0.48 1.06 0.4 0.56 0 0.1 5.69 1.26 0 
2006 0.12 0.02 0.12 0.08 0.08 0.07 1.15 0.05 0.03 1.32 0 0.39 3.43 1.32 0 
2007 0.39 0.38 0.38 0.36 1.38 0.01 1.23 1.27 0.3 0.19 0.43 0.12 6.44 1.38 0.01 
2008 0.81 0.51 0.06 0.04 0.18 0.15 0.37 0.09 0 0.35 0.45 0.37 3.38 0.81 0 
2009 0.19 0.1 0.18 0.4 0.44 0.21 0.06 0.07 0.1 0.35 0.16 0.14 2.40 0.44 0.06 
2010 0.99 0.45 0.36 0.21 0.08 0.14 0.17 0.64 0.51 2.91 0.03 0.46 6.95 2.91 0.03 
2011 0.00 0.09 0.14 0.99 0.11 0.00 0.81 0.3 1.29 1.19 0.25 0.26 5.43 1.29 0.00 
2012 0.00 0.14 0.21 0.00 0.08 0.27 1.28 0.15 0.37 0.08 0.04 0.44 3.06 1.28 0.00 
2013 0.79 0.00 0.09 0.23 0.22 0.00 0.5 1.13 1.55 0.56 0.90 0.11 6.08 1.55 0.00 
2014 0.02 0.17 0.59 0.16 0.29 0.20 0.75 1.72 - - - - 3.90 1.72 0.02 

Monthy Average  0.31  0.29  0.31  0.37  0.39  0.15  0.54  0.81  0.64  0.69  0.28  0.23  5.00  1.47  0.01  



NAVAJO MINE PRECIPITATION DATA (inches) 

ANNUAL ANNUAL 
ANNUAL ANNUAL 

NAVAJO MET III ANNUAL MONTHLY MONTHLY 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL MAXIMUM MINIMUM 

2006 . . . 0 0.08 0.09 1.05 0.1 0.89 1.7 0 0.73 
2007 0.39 0.39 0.42 0.23 1.32 0.11 0.4 0.62 0.75 0.07 0.44 0.56 5.7 1.32 0.07 
2008 0.89 0.52 0.09 0.06 0.39 0.07 2.49 2.81 0.18 0.56 0.48 0.55 9.09 2.81 0.06 
2009 0.35 0.35 0.37 0.41 0.55 0.28 0.31 0.1 0.2 0.58 0.19 0.18 3.87 0.58 0.1 
2010 1.1 0.75 0.59 0.17 0.13 0.17 0.87 2 1.1 0 0 0 6.88 2 0 
2011 0.03 0.17 0.48 1.26 0.18 0.00 0.54 0.51 1.5 1.21 1.04 0.58 7.5 1.5 0 
2012 0.01 0.16 0.07 0.00 0.15 0.19 1.20 0.32 0.53 0.13 0.18 0.36 3.3 1.2 0 
2013 0.70 0.03 0.23 0.43 0.13 0.02 0.75 1.08 0.97 0.56 0.87 0.11 5.88 1.08 0.02 
2014 0.03 0.18 0.60 0.12 0.14 0.14 0.72 2.37 - - - - 4.3 2.37 0.03 

Monthy Average  0.50  0.34  0.32  0.32  0.37  0.12  0.95  0.94  0.77  0.60  0.40  0.38  6.03  1.50  0.04  
MET station III installed April 2006 in Area 4North 



NAVAJO MINE PRECIPITATION DATA (inches) 

MET I & II  Average ANNUAL MONTHLY MONTHLY 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL MAXIMUM MINIMUM 

1991  .  .  .  .  0.86  0.19  0.17  1.06  0.82  0.33  1.08  0.86  #DIV/0!  1.08  0.165  
1992 0.12 0.14 0.92 0.03 1.08 0.02 0.46 2.03 0.55 0.36 0.15 0.38 6.21 2.03 0.015 
1993 1.51 0.60 0.41 0.16 0.37 . 0.04 1.84 0.87 0.85 0.45 0.07 6.89 1.84 0.040 
1994 0.03 0.44 0.13 0.26 1.17 0.12 0.39 0.39 1.10 0.77 0.40 0.36 5.55 1.17 0.025 
1995 0.32 0.25 0.57 0.91 0.41 0.35 0.17 0.86 0.78 0.02 0.13 0.47 5.21 0.91 0.020 
1996 0.11 0.24 0.16 0.10 0.09 0.91 0.25 0.62 0.37 1.33 0.31 0.11 4.57 1.33 0.085 
1997 0.38 0.08 0.00 2.43 0.79 0.47 1.20 1.44 1.11 0.25 0.41 0.54 9.07 2.43 0.000 
1998 0.17 0.43 0.20 0.04 0.01 0.00 0.46 0.95 0.58 1.69 0.84 0.03 5.38 1.69 0.000 
1999 0.15 0.00 0.26 1.11 1.19 0.26 1.07 2.77 0.20 0.01 0.07 0.09 7.15 2.77 0.000 
2000 0.41 0.08 1.65 0.02 0.00 0.03 0.39 0.56 0.25 1.04 0.37 0.12 4.89 1.65 0.000 
2001 0.32 0.35 1.16 0.28 0.48 0.01 0.63 1.13 0.24 0.18 0.26 0.31 5.33 1.16 0.010 
2002 0.01 0.00 0.05 0.30 0.00 0.00 0.11 0.31 2.57 1.09 0.53 0.21 5.15 2.57 0.000 
2003 0.16 0.97 0.36 0.09 0.07 0.01 0.34 0.79 0.46 1.00 0.28 0.04 4.56 1.00 0.005 
2004 0.19 0.38 0.01 0.05 0.02 0.07 0.29 0.10 1.62 0.72 0.49 0.14 4.05 1.62 0.010 
2005 0.83 1.28 0.28 0.75 0.24 0.16 0.35 1.37 0.20 0.64 0.00 0.06 6.13 1.37 0.000 
2006 0.12 0.03 0.12 0.18 0.05 0.04 1.21 0.12 0.33 1.34 0.00 0.34 3.85 1.34 0.000 
2007 0.39 0.34 0.19 0.21 0.81 0.02 1.23 1.31 0.42 0.18 0.22 0.16 5.46 1.31 0.015 
2008 0.72 0.60 0.04 0.06 0.23 0.09 0.68 0.55 0.04 0.37 0.56 0.49 4.42 0.72 0.040 
2009 0.19 0.13 0.16 0.44 0.87 0.34 0.11 0.05 0.09 0.41 0.18 0.13 3.08 0.87 0.050 
2010 1.10 0.65 0.54 0.22 0.09 0.14 0.36 0.95 0.66 1.98 0.05 0.52 7.23 1.98 0.045 
2011 0.08 0.07 0.19 0.95 0.29 0.00 0.69 0.25 0.86 1.45 0.44 0.22 5.47 1.45 0.000 
2012 0.03 0.22 0.14 0.00 0.07 0.19 1.06 0.22 0.40 0.11 0.08 0.52 3.03 1.06 0.000 
2013 0.83 0.08 0.10 0.29 0.17 0.17 0.31 1.06 2.20 0.73 0.79 0.14 6.84 2.20 0.080 
2014 0.04 0.23 0.78 0.19 0.29 0.23 0.59 1.42 - - - - 3.76 1.42 0.040 

Met I & II Average 0.37 0.33 0.35 0.40 0.40 0.16 0.52 0.90 0.72 0.73 0.35 0.27 5.43 1.54 0.03 



NAVAJO MINE PRECIPITATION DATA (inches) 

Annual Total inches 
Met I Met II Met III AVERAGE 

1991 * * 
1992 6.64 5.77 6.21 Mean 1992-2001 6.02 
1993 7.34 6.44 6.89 Mean 1992-2002 5.94 
1994 5.85 5.25 5.55 Mean 1992-2003 5.83 
1995 6.1 4.31 5.21 Mean 1992-2004 5.69 
1996 4.78 4.36 4.57 Mean 1992-2005 5.72 
1997 9.93 8.2 9.07 Mean 1992-2006 5.60 
1998 6.54 4.21 5.38 Mean 1992-2007 5.59 
1999 8.46 5.84 7.15 Mean 1992-2008 5.62 
2000 5.36 4.41 4.89 Mean 1992-2009 5.49 
2001 6.05 4.6 5.33 Mean 1992-2010 5.57 
2002 5.63 4.67 5.15 Mean 1992-2011 5.60 
2003 3.88 5.23 4.56 Mean 1992-2012 5.48 
2004 4.28 3.82 4.05 Mean 1992-2013 5.53 
2005 6.56 5.69 6.13 Mean 1992-2014** 5.46 
2006 4.27 3.43 * 3.85 
2007 4.47 6.44 5.7 5.54 
2008 5.45 3.38 9.09 5.97 
2009 3.75 2.4 3.87 3.34 
2010 7.51 6.95 6.88 7.11 
2011 5.5 5.43 7.5 6.14 
2012 3 3.06 3.3 3.12 
2013 7.6 6.08 5.88 6.52 

2014** 3.61 3.9 4.3 3.94 

Mine Average = 5.53 
* Year was excluded from average - 12 months of data not captured 

** Totals only through August, 2014
 

Max 9.93 8.2 9.09 9.07
 
Min 3 2.4 3.3 3.12
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