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ackground & Motivation % Trace Elements & Major lons:

- ' Samples containing trace elements that exceeded current drinking water quality standards were 1dentified. ArcGIS Inverse distance weighting method (IDW) was used to identify spatial trends for @ A rCG I S
‘ the varying concentrations of the metals. IDW uses a linear combination of sample data points and determines the influence of a point based on its distance and value compared to the other points. __ESRI_|
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* Significant increase in horizontal drilling and hydraulic
fracturing in Colorado in 2010

* Denver-Julesburg (DJ) Basin has become one of the Chromium: , . Selenium: . o N Itrate_J[NO? ] |
highest-producing basins in the last decade Primary Drmkmg ] Primary Drmkmg 'F Primary Drinking
Water Quality Water Quality Water Quality
* Crestone Peak plans to drill 216 wells in eastern Boulder Standard: Standard: s Standard:
County to access the DJ Basin 100 ug/L. S0 ug/L I H—TA A 44.3 mg/L
BO0.737 - 6,223 Bl 0.9615 - 6.315 | - Bl 0.09301 - 10.61
Crestone’s proposed drilling area in Boulder County B 6.224 - 19.56 B 6.316 - 11.7 | Bl 10.62 - 16.01
DA 0 T RS S - *» Increased risk for contamination of surface and [ 19.57 - 40.57 B 11.71 - 20.32 é | 1 16.02 - 23.05
cpptﬂbitﬁdgjdwcﬁ:;ue:t:w - groundwater by chemical additives in fracturing fluids []40.58 - 77.6 [ 20.33 - 32.06 ~ | & y [ 23.06 - 31.65
| [177.61 - 100 [132.07 - 50 =L []31.66 - 44.3
e  Surface spills are the most likely groundwater 1 100.1 - 103.5 [ 50.01 - 74.06 - [ 1 | . [ 44.31 - 57.1
] Grstons comprahensive ‘ contamination pathway for oil- and gas-related 103.6 - 107.1 B 74.07 - 101.2 _ | B 57.11 - 70.69
Bauider Courty open compounds (Vidic et al.) In DJ, only three water wells B 107.2- 1104 Bl 101.3 - 130.5 X X J;" sl o Bl 70.7 - 84.26
s o L o contaminated by spills; but 51 wells contaminated by B 110.5- 114.8 Bl 130.6 - 167.3 o ?@% ) L B 84.27 - 94.78
g e oil and gas wells (Schroeder et al., in prep). |P s = 5 | =
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* In the DJ Basin of Colorado, from 2010-2014 operators
reported about 90 surface spills per year which
contaminated groundwater (Armstrong et al., in prep).
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B°“'“e'@ BL'F‘"L"M aspermd But only 0.17% reach water wells. L ' 11 feed 1 ble soil 1bl
Potential Sources: geologic Potential Sources: coal and organic-rich fine sediments i(zltentlall_sloulrt;egfﬁer? 1 ielrs, bei 0t ,dpermea et§01 S aieél'l o §uscleptl e
Adverse Health Effects: kidney damage, liver disease, diabetes Adverse Health Effects: endocrine disruptor e ccts: blue baby syncrome (methemoglobinemia). lowers

Objective: Develop a thorough baseline groundwater quality assessment for eastern Boulder the body’s ability to deliver oxygen to tissue

County and make data publicly available for assessing any changes in water quality as a result of oil

Uranium: Manganese: Sulfate [SO,%]:

Primary Drinking Secondary

Kand gas development ) . Secondar
= Water Quality e — Drinking Water ™ . Y
_ — : I e & Drinking Water
Standard: = 1 Quality Standard: : .
7 - Quality Standard:
- 30 ug/L ' E‘ 50 ug/L 250 mg/L
GrOu ndwater Sam pllng B 0.011 - 6.599 I i oy B 0.2033 - 19.64 B 1.0- 50.45
: I 6.6 - 10.22 1900 2 I 50.451 - 131.58
Current Procedure: = 253 - 36,30 v
* Plan to sample groundwater for 400 volunteers in eastern [113.86-18.13 . 304 -43.22 []161.31- 197.63
Boulder County []18.14-23.22 43.23-50 []197.64 - 250
[123.23-30 50.01 - 103.5 [ 250.01 - 592.02
 Purge 50-100 gallons of groundwater until initial water [ 30.01 - 37.86 103.6-2914 592.03 - 1,424.5
quality measurements stabilize using In-Situ Aqua TROLL 37.87 - 43.82 Bl 291.5 - 459.2 Bl 1.424.6 - 2453.3
600 multi-parameter sonde — pH, temperature, conductivity, Bl 43.83 - 59.64 K Bl 4593 - 720 Bl 2,453.4 - 3,5144
oxidation-reduction potential (ORP), dissolved oxygen (DO), Bl 59.65 - 84.01
and turbidity
- 1 Vi by
* Collect samples to be analyzed for: I o / }M | -
T— g ==
= Volatile Organic Compounds = Methane and 6'°C T e Fi W e { e 55 = _L< = = ﬁ‘/
=> Trace Elements = Total organic carbon . . I . . - o T N A, . r~ K . | o
= Major cations and anions = Alkalinity Potential Sources: geologl.c, historically mmgd in Colorado Potential Sources: geologic, manganese belts present west of Denver Potential Sources: coal mines, power p apt .deposmons
Adverse Health Effects: kidney damage, carcinogen Adverse Health Effects: respiratory irritant, nerve damage Adverse Health Effects: gastrointestinal irritant
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17 May 2013, science.sciencemag.org/content/340/6134/1235009.
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Volatile Orgar“c Com pou nds: Methane: S oy st gt sl e Application and Future Directions
| f ™ -100 — l T | l -
ini i i (g1 ‘ Natural Q oen Samples containing dissolved methane were Coal Bed Fault S 0| e = ] | |
Samples containing volatile organic Disinfection Organic Matter {? 3 P g S I ——— P *Continue sampling more volunteers
. . _ o o o )~ . o (e . . % ; . ( tural d .':..'
Compounds were 1dentified BypI'OdllCt (DBP) p— (NOM) O~y 1dentified. ArcGIS was used to investi gate Sh allow Coal B ed g 0 | Su::::::: [l | o / Make data available to the vublic
precursors \ ~ y spatial correlations and proximity to coal 5 gl e SN p
Trihalomethanes + - ~ beds and coal faults. . § ewariacs *Investigate methane sources and obtain duplicate results
-300 | microbial gas  ;
: : 2 { (marshgasand . . . . .
* Bromodichloromethane Inorganic DBP Bromide (Br’) / @ / I . Identify spatial trends for VOCs & discuss potential sources with volunteers
* Bromoform o lodide (I_) T% / 4 s 513G -7foCH ( /620( i t5 OVPDB) R
recursors .o of CHa (%/oo) (relative to
* ChlorOform p Nltrlte (NO-Z) / / ;ﬁ IS ﬂ‘x‘ After Coleman and others (1993) based on the data set of Schoell (1980) \ /
* Dibromochloromethane - J o/ T _ ™~
+ s ~ (i o References:
ol
2—b t Chlorlne (C12) £ / % [ =) 1.  Armstrong, K.. J., et al. Cha'racterization of accidental spills and releases affecting groundwater in the Greater Wattenberg Area of the Denver-
utanone .. f —_— 1 . 1 / Julesburg Basin. (In preparation).
° P a lnt S OlV eIlt DlSlIl eCtaIlt — Ch oramines (NH2C ) ay | \, /’*7/ /j 2. “Cﬁ)mmlgnity leater.’/’ gent[ejrs for DIz;iveaISE Control and Prevention, Centers for Disease Control and Prevention, 26 Oct. 2016,
. hl r 1 n D l Xl 1 ; ephtracking.cdc.gov/showUraniumkHealth.action.
° Smells llke butters COtCh \ C O c (@) de (C 02) J ,/: > / 3. Gupta, Meetu, and Shikha Gupta. Frontiers in Plant Science, Frontiers Media S.A., 2016, www.ncbi.nlm.nih.gov/pmc/articles/PMC5225104/.
] L~ 3 - 4. Hood, Ernie. “Tap Water and Trihalomethanes: Flow of Concerns Continues.” Environmental Health Perspectives 113.7 (2005): A474. Print.
"’Q, o .
/ Trlh alometh anes \ Z al 5. Maps of Mines & Mills in Boulder County, ben.boulder.co.us/basin/gallery/hardrock .html.
O . s _,...,--"’"' 1 . 1 5 _75 °4 6.  “National Center for Biotechnology Information.” National Center for Biotechnology Information, U.S. National Library of Medicine,
Inorganic DBP — Bromoform  Bromodichloromethane { www.nchinlm.nth gov/.
C H 3 pre CUursors - H H L O .7 1 - 8 3 .6 7. National Look at Nitrate Contamination of Ground Water, water.usgs.gov/nawqa/nutrients/pubs/wcp_v39_nol2/.
H C | I / / 8.  Révész, Kinga M., et al. "Carbon and Hydrogen Isotopic Evidence for the Origin of Combustible Gases in Water-Supply Wells in North-Central
3 B /C\""Br CI‘”IIC\Br A4 O . 1 5 —63 .4 Pennsylvania." Applied Geochemistry, vol. 25,no. 12,2010, pp. 1845-1859.
r . P - A - Dai .
Br Cl 4% N 621 773 T AU 3017, wwvedailyeamers com/baslder-businessicl 31240636 collislon-course-cnerey company-crostons.peak-and-bouider Kourceme ..
CthI'Of orm leromochloromethane 7 l_j.r“""_ y S E 10. Rogers, J.D., T.L. Burke, S.G. Osborn, and J.N. Ryan. 2015. A framework for identifying organic compounds of concern in hydraulic fracturing
H 5 e ‘ﬁ > / fluids based on their mobility and persistence in groundwater. Environmental Science and Technology Letters 2:158-164.
POtentlal SOllI' CCS. WCH dlSlnfeCtantS | (|: ] /) f‘&f i P . 1 S . b . 1 h . 11. Schroeder, M., et al. BTEX occurrence in the Denver Julesburg Basin. (In preparation).
, : Co, &~ otential ources: microbial, thermogenic . , . i1 relation to of
Adverse Health Effects: carcinogen, i N \ Ve B A / \ Safoty Concerns: flammable. explosi% . 12 delopmentand shllow Son s e D b B f Colorado. Proceeding o he Nl vy ofSciencs TS0, 8391
. : - o . ° :
\adverse r epI'OdlICthe effeCtS / K J KB' Vidic, R. D., et al. “Impact of Shale Gas Development on Regional Water Quality.” Science, American Association for the Advancement of Science,/




