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Hﬂwﬂﬁssmmmmmnﬁﬂ@ Om. mﬂﬁﬂsﬁmuimﬂmﬂ Previous investigations ground-water data. Thanks also are extended to Robert N. available and ground-water occurrence, recharge, discharge, and the drillers' logs indicated that at some wells, the soil horizon can subsequently leach to the water table. Table 1. Physical, hydrologic. and selected water-quality data for ground-water sites, northeastern Valley County, Montana
WQ.MNERBO (MBMG) and WOMQ. B. Colton (USGS, retired) who S%Qﬂmc:n characteristics can Obq be mosoﬂwzv\ described. Os_% @Eﬂm&:m rates varied as wells were Q0<o~owonr which affects the Because of the similar U%Q-.OM@QO%O mwﬂﬁsm and similar [Site and location number described in text. Hydrogeologic unit: Qsg, Quaternary sand and gravel; Qt, Quaternary glacial till; Tsg, Tertiary sand and gravel; Tfu, Tertiary Fort Union Formation; Kfh,
Some of the first geologic investigations in the study area o SR siblis o i6c : : : - . . . calciliions of . itv. . . . . Upper Cretaceous Fox Hills Sandstone-Hell Creek Formation. Queried (?) where uncertain. Primary use of water: H, domestic; I, irrigation; S, stock; U, unused. Source of water-level measurement:
N.@mc—.ﬂﬂoﬂwm AVH. :cﬂﬁ—ﬂﬂ”mﬂﬁﬂoz <m——®% icltied ; & mmr Terti & Fl itle B W . e n_o.a i blished moouom aps and for discussion one well oosﬁ.&oﬁoa Ll Q:.m cE.H was inventoried in .H_._o mﬂc&.% BEGe. - EC@:. oF SR wonm.o omﬁmn:.% However, Omcam\:@m of mmn_.oc_acn.m_ E.mo.Coom _.b the .mza% fiea ooaﬁ.mawn_.ﬂo the Fort Peck D, driller; R, reported; S, U.S. Geological Survey; O, owner. Type of opening: O, open end; P, perforated or slotted; S, screened. Well yields reported from drillers' logs. Abbreviations: °C, degrees
included a reconnaissance of the Tertiary Flaxville Formation in and review of the geology of northeastern Valley County. These deposits are primarily recharged by infiltration of transmissivity from specific-capacity data (table 4) for this study Indian Reservation, high nitrate concentrations in ground water Celsius; e, estimated; gal/min, gallons per minute; (gal/min)/ft, gallons per minute per foot; uS/cm, microsiemens per centimeter at 25°C; NGVD 29, National Geodetic Vertical Datum 1929. Symbols:
O ount H’ ﬁ ontana the northern part of the Great Plains (Collier and Thom, 1918). precipitation. Along West Fork Poplar River, alluvium and are considered to be representative of the transmissivity of this determined from this study also might result from soil organic --, o data; xx, unknown]
Y Collier (1919, 1924) described the general geology of GEOLOGIC SETTING adjacent terrace deposits also are probably recharged unit, at least in general terms. Estimates of transmissivity from nitrogen that leaches to the water table. In addition, infiltration p— wen  Static Water quality
northeastern Montana and the occurrence of lignite near Scobey. The stiid . a5 di K 4 intermittently by streamflow. Along the upper reaches of Snow specific-capacity data using methods from Walton (1962) for and percolation of water from irrigation within the Baylor- . e . depth  WAteT Date of Source of " — Date of
1 : s € study area 1s underiain by sedimentary rocks an . . s 2 . . soie . : Site Hydro- Primary level water-  water- Type Well P water-
Alden C.@uwv conducted a reconnaissance of :.8 w:wm_omam@.:w dnconsalishted depouits cangiip 16 e Trom late Cretaeeoio Coulee northwest of Larslan, possible upward hydraulic unconfined conditions ranged from 940 to 20,000 ft*/d with a Larslan area might facilitate leaching and movement of soil el Location geologic  SUTTRCE o (nfeet o levd  levd  ofwen °T™el yield  Capacity  Water Specific oH quality
By LK. Tuck and glacial geology of eastern Montana and included a brief Quatemnary (g, 4, shest 2). Rovks of Lale Cretaceoks age (it gradients in underlying hydrogeologic units might provide some median of about 4,400 ft*/d and an average of 6,000 ft*/d. On organic nitrogen to the water table. (fig. 4) number il aﬂ?: wilter _ﬂo_cm below.  mieNglie MERShTe- OpeaitiE ..._E_..En (galimin) :nu_\\ﬂ_s tem- conduc- 40 measure-
AN o . : : o 7Ty . . » . o . . . apove an
description o.m the Flaxville Huow:_m._:o: in the study area. Howard cap i the: shudy areaneauvist @hliic Unper (Ciensalh recharge to these unconsolidated deposits. Owing to their small the cmm_.m of these values and the mmEBHoa, thickness estimated Indirect evidence from water-quality data indicates that the NGVD 29) surfes) J.a ment  ment ncien Emw”ws Ahmwﬁnﬂ; units)  ment
(1960) described the Cenozoic history of northeastern Montana Beatpain-Bhinle; Eoie Hills Sandisions, and Hell Crsek Fomiitioh and isolated extents, ground-water flow paths within Quaternary from drillers’ logs, the hydraulic conductivity was estimated to Tertiary sand and gravel and the underlying Fox Hills Sandstone- SUNEREE)
and northwestern North Dakota with an emphasis on Pleistocene Dk e st @ Periodl & biaad. shll sand and gravel most likely are relatively short. Discharge from range from 25 to 270 ft/d with a median of about 75 ft/d and an Hell Creek Formation might be hydraulically connected. Water- Wl 33N40E09BCAAOI Tsg 2,925 I 91 5763 10-20-98 s S 16 300 14 10.0 676 83  06-16-98
history of the north-central Great Plains. Colton (1964) mapped BiE e LAl Eastaseat NeroR, & heguy, Sl son Cofe i Is, spri f about 100 ft/d (table 4 e ol : o W2 3INAEITADDBOL 285  H 40 3579 061698 S - - - - 30 2120 73 061698
INTRODUCTION 2/ chifetica : pp eastern Montana. Marine shale (Bearpaw Shale) accumulated to the chmonss sand and gravel is to wells, springs, streams, and avelage ol adout Qw e4). ) ) ) quality diagrams (fig. 4) which represent the major-ion W3 33N40E23BBACOI Tsg 2880 s 62 17 11-17-67 D P 5 20 65 1000 - 081094
i — . the geology of the southern part of the study area and Q.u:os m_wa a thickness of more than 1,000 ft (Bergantino, 2002); volcanic underlying bedrock, and by evapotranspiration.  Little Recharge to the Tertiary sand and gravel is by infiltration composition of water from wells completed in the Tertiary sand W4  33N4OE23BBDAOI Tsg 2,880 H 58 - - - - 2 . . C 970~ 08-109
Ground water is the only source of drinking water in many others (1989) mapped the geology of the Opheim 30’x h fell and f d ’ thin bentonit u d ’ Th information on water quality is available for these deposits. The of precipitation which can vary from year to year, depending on and gravel (for example, W1, W17, and W34) are similar to W5  33N40E28ABACO! Q' 2,840 H 23 = = = = -~ = = 8.0 1,390 80  12:05-94
small towns and rural areas of northeastern Valley County, 60’quadrangle. Gruber (1980a,b) investigated and described e . e SaE o specific conductance of water from the one well that was the amount of precipitation, its seasonal distribution, land use S t lity di f 1 leted in the F - - - - - 5 N = - = = 8.0 1,260 7.8 07-15-98
Montana. Residents in this part of Montana rely on individual three major coal beds in parts of Daniels and Valley Counties progressively receded in this area near the end of Cretaceous inventoried was 1.440 uS/cm il atuatine. of saredl b o it aid sl Heiiie OIS ptaRqUa i SHRET IO G CRIlpciel NS B W6  33N41EI4BADDOI Tsg 2,885 H 75 5363 051489 S - = - = - 515~ 051489
wells at homes and farms or on community wells that serve small Whitaker (1980) mapped the Flaxville Formation and aomoa_uom I sl L i T G o ke ity o, WSBIT MBS . . Recharge to this unit i w% dent mﬁ. in f infiltrati a e O.H.oo_.ﬁ m.o_d.gm:.on v oxmb._ e <<u_ o T s H s . w - _ -. . s o 5
e - e o s e ke el mmr ; S A : o deposition of the Bearpaw Shale ceased. As fhe sea recedet] ¢ Hm.n 0 m_m unit is dependent on timing of infiltration an <<m.\., and ﬁmmv.. This E.E:mEQ in water acm_:v.\ Ea._oaom a &M wwnmmwmmmww__ Mm WMM m MM = i . - : - = MM Nwww Gl %mw
: . g, . BN r e CXhl, MEEC s 0 GepOIUligl Civemion’ o d and shal deposited i d plain and barrier-island Quaternary glacial till percolation of precipitation and, thus, recharge is intermittent. possible hydraulic connection between the two aquifers in some . : - - . v ¥ -1
are sources of water for domestic, stock, and irrigation supplies; the Flaxville Formation in the Scobey-Opheim area. Bergantino SEEANG MGl Woke GEPOBILEC N SiTale [alo-dng DMEICTINEE e The Tertiary sand and gravel typically is coarse grained and can i irrieati Ty e b 5 : % bl 8 - - - - -y oo e
: . . . . . depositional environments that resulted in the Fox Hills gy, i} : e c& ypicaty 15 coarse g places. During the irrigation season, the large volume of water WI0  33N4IEISADBDOI Kh() 2865 S 150 4299 061898 S . - S 100 42 80 061898
bedrock of Tertiary and Cretaceous age also is a source of water (1987a,b) compiled geologic information about the Quaternary . : ; Quaternary glacial till (Qt, fig. 4) primarily consists of be readily recharged in areas where this unit crops out. About 12 withdrawn £ the Terti d and ) in the Bl Wil  33N4IEIS8ADCAOI Ts 2,362 H 30 = a - e . - . 110 1046 76 OBIS9R
: : Tahili : Sandstone. Coastal-plain sediments of the Hell Creek Formation . . : : . : i lihdrawn Irom the lcriary sand and gravel in the baylor- & . - : / : Elas
for domestic and stock supplies, but the availability and quality geology and the pre-Quaternary geology of the eastern half of - . . . . gravel, sand, silt, and clay that is unstratified, unsorted, and in. of precipitation (fig. 2) falls in the study area and is Larslan area might induce flow fi the Fox Hills Sandst Wi2  33N41E20DBBAOI Tsg 2,880 H 86 = = = - = = = 8.0 1030 82  08-10-94
: : . . were deposited in delta-plain and fluvial environments resulting : o . : ; - £BL TRptoe JoW oI the Tox. FUSS' oanGanic: WI3  33N41E20DBBDOI t 2,880 s 36 3322 08-10-94 S = = = -10-
of water from these hydrogeologic units can be variable the Glasgow 1° X 2° quadrangle. Bergantino (2002) also it s ihick sequnce of shale, silistone, Sandsione {nterbeddal unconsolidated; till covers much of the south-central part of the potentially available for recharge. However, much of this Hell Creek Formation to the Tertiary sand and gravel and affect o : _ i gC o N
(Thamke, Eo.:. To obtain usable quantities of ground water, updated previous information about the geology of the area. i : d _. Regi ,_ : : 1 study area. Thickness of the till varies but averages 16 ft and can precipitation evaporates and is transpired by plants. Nearby at the quality of its water. Additionally, where the Tertiary sand W14  33N41E22BBBDOI Tsg 2,850 I 87 4893 06-18-98 S s 16 690 26 s o -
many wells in the study area are deeper than 100 ft. An " o:mo::n, AECU SIS g egional, 5835&85 mﬁ.EoEB be as much as 65 ft (Whitaker, 1980; Colton and others, 1989). Glasgow, as much as 40 in. of water evaporated and was d 1 lies the Fox Hills Sand Hell Creek W15 33N41E22BBBD02 Tsg 2,850 U 85 49.18  06-18-98 S P 6 80 22 = - = =
exception to this generalization is in the Baylor-Larslan area deformation throughout Mesozoic time resulted in folding and Although used as a source of water in parts of the stud all . M.:u taits dugng. th . AL b . WY, govs’ (OyEEe jhe ek UL SR de b W16  33N41E28ADDDOI Tsg 2,800 H 475 2246 10-19:99 s s 5 5 23 7.0 748 80  10-19:99
B ’ _— ion of pre-existi ks. While the Hell Creek F ; g palisiOF SRCSHIS Y. aTed, transpired by plants during the April-September growing season Formation and where the hydraulic gradient is upward, water W 4 = .. _ i
where :..H_MNEOS wells UoﬁQ\OGD NUOSﬁ 40 to 100 ft Q@O@ Methods O».:—Admﬁ-mmuﬂ:v: €rosion oOr pre Oxmmﬁsm Irocks. 1le the He ree ormation v h 1 bili Q . mQ li £ . . e . . 17 33N42E06BBCDO1 Tsg 2,869 I 83 26.41 10-21-98 S S 12 10.0 527 79 06-17-98
OOEBOSM% %—OMQ between 250 and 1.500 mm.—\s.:b was Q@@Ommﬁoﬂ erosion _OON:% removed much of the upper ﬁmﬂﬁ HW.HOSOHN Y has low ﬁ.@dﬁomh _J\ NBQ. vﬁ” 2 ﬁWOH @me_—ﬁ%ﬂﬂ 5m.HM~.. in 1998 A_wcw.om.c of W@OF—ENSOF NOOA.V In NQn?DOD. much of from this unit could flow ﬁﬁsmﬁ.& and affect the ﬂcmﬂﬁ% of water W18 33N42E06BCCAOL Tsg 2,868 1 76 28.16 10-21-98 § S 12 300 10 = = = =i
> . o . owever, many springs and seeps discharge from till in the study this precipitation is retained as soil moisture and runs off as in the Terti d and 1 W19 33N42E20AAABOI Qsg 2,825 S 36 2136 06-18-98 S - - - - 8.0 1,440 7.6 06-18-98
: ; : : ; i ; of the Fox Hills Sandstone from the study area (Whitaker, 1980). 1 . - . i ) in the 1eruary sand and gravel.
Previously, e information was availible about the AT e G ek e i el i e area. Thin and laerally discontinuous outwash deposis sramflows thercfoe, the amout of preciptaton avaiibl fo =H N b 9 :r Tegrtn g - - s o s
ground-water resources in northeastern Valley County. Data wx_mzsm maocwa-éman m.:nm in the mE& Euom. .Hromo data . S mowaﬁmmﬁ resulting ia sentle. dins (stringers) typically overlie till in many smaller coulees and recharge most likely is small. Precipitation typically recharges W22 33N42E24ABACOI mm 2,895 z 30 N _ i - _ wuw Mm 5B WWMM
about ground-water availability and quality and the occurrence of included location of the site, hydrogeologic unit, altitude of land m : wm m: o o J : geete Cf ephemeral stream channels (not shown in fig. 4) and can grade aquifers during the late fall before the ground freezes and in Bedrock hydrogeologic units - h 2 B - - - - - - 80 62 78 051895
high-yielding irrigation wells in this area were needed to better surface, use of water, well depth, static water level, diameter of the 50.2 cast for the Cretaceous and older rocks in this area imperceptibly into Holocene alluvium in some of the larger early spring after the ground thaws before the growing season. W23 33N42E33BCCCOL Tsg 2,930 H 95 3065  06-07-89 s e - - = 10.0 740 80  06-07-89
define the ground-water resources of the area. Consequently, the the well opening, well yield, and specific capacity. In addition, Quo_ucmg and maNBmE:_, _owmv.. - - channels, In some of these chamnels, outwash gravel and Lok T cvemlis Kok tsmms eand dnd el ol glastl P - . B B - - - - 2 w0 B
. : . . e : . T uring the early Tertiary Period, tecton tivity an : s, . : . : . e . : POt - - - - . ; ol
U.S. Geological Survey (USGS), in cooperation with the hydrologic information was .ooBE_oa from Nimick and H:EEM@ o S y ‘lerary 7 IECHIRIC Sucuivty Holocene alluvium are indistinguishable. This outwash gravel is till and the underlying Fox Hills Sandstone-Hell Creek Tertiary Fort Union Formation - - - - 1584  08-09-94 S = - - = 105 1,090 7.3 08-09-94
Montana Bureau of Mines and Geology (MBMG), conducted a (1998) and MBMG. Drillers’ logs were used to obtain uplift in western Z._osﬁm.sm provided sediment to eastward- and most likely derived from the Wiota Gravel and the Flaxville Formation also can recharge the Tertiary sand and gravel where W25  33N42E36BAACO1 Tsg 2,920 H 39 29 10-20-79 D P 4 10 1 7.0 626 - 08-13-94
reconnaissance study to characterize the ground-water resources information about well completion, pumping water levels, monrowmgwa-zww::ﬂ :<Qﬁm Ema mnmm.:sm. ﬁ>m-m Hmmc:m, mwo:wam Formation and was redeposited in meltwater channels such as these other units are saturated and permeable, and hydraulic The Tertiary Fort Union Formation (Tfu, fig. 4) consists of . mmm S - - - - - - o - - MN MM Ww WMWH
. ; i : ecame a depositional center for sediment. Rocks of Terti e . : = : : . - - - - - - - : : R
in northeastern Valley County. w@:%ﬁ. lithology and thickness near the well, and whether the bt = 1% t Union and Flaxville Formations. The wm_QOOMMW Snow Coulee and its tributaries (Colton and others, 1989). heads in the Tertiary sand and gravel are lower than in either interbedded mwsa.mba sandstone, siltstone, clay, and coal. In the W27  33N43E08CDCCO1 Tsg 2,910 H = - . = - = = = 9.0 510 - 08-12-94
aquifer near the well was confined or czoozw:.ﬁa. Selected mm: e B .mrw_m . Limited information about Quaternary glacial till is adjacent hydrogeologic unit. study area, erosion has thinned or removed this unit; thus, “<<Nm 33N43E11CDBDO1 Tsg 2,888 H 30 = = s 0 4 = = 8.5 546 78 09-27-94
water-quality measurements were made during the well : g 3 available and ground-water occurrence, recharge, and discharge Some excess water from irrigation also might recharge this thickness varies but can be as much as 600 ft (Colton, 1964). o ey = S q . ad . N ° . 5 . D
P se and Scope d luded & d mﬂb&mﬂoso &.SQ coal that H@mﬁ.@mwdﬁ extensive fluvial NDQ delta- . i W30  33N43E25ADADO1 Kih 2,905 H 165 30.00 04-18-89 S B 6.5 50 157 10.0 441 73 04-18-89
urpo p inventory and included water temperature, specific conductance, G & mﬂme b ieade o, castE, Micnatio, (Chotas can only be generally described. The till is primarily recharged hydrogeologic unit. Ephemeral drainages can convey irrigation Fine-grained sandstone, shaley sandstone, and coal are the water- 4 - - - 2959  10-24-89 S - = - - 8.5 440 74 102489
The purpose of this report is to describe the ground-water . i i Msa umowc 1985) % %_o late Miocene to early Pliocene Epochs t6y mbilisation ot presipitaiipn. Groum)-veater oy patlis: wiliin return flow to stock ponds and Snow Coulee; some of this water yielding c.szm E e " e moBo. oF HefC LR W 40E28 K 5 . 0 . : _ -. . i} 5 - i
> 5 ’ iRty Rl ANGESEIGITHGE: SADIBIeY Wtkc e e Y = this unit most likely are relatively short. Discharge from might infiltrate and percolate into aquifers. However, ground can be discontinuous or poorly connected which commonly o e ) oL R - - - i . B = W [T | e
resources of northeastern Valley County near the towns of collected from selected wells to characterize existing ground- renewed faulting and uplift in western Montana supplied large Quaternary till is to wells, springs, streams, underlying R el o v T Sy e s Applisa by SptgkIsEs results in variable well depths, yields, and water quality over e Ml Mm 2 _ = gl oo z ) m & 3 6.5 1260 7.3 10-1899
rﬁ&m.sq Omrw::, and W_oEm.sa and to present data oo:ooaa. and water quality in the study area (tables 2 and 3). Ground-water <o_cﬂom wm coarse mom::o:.ﬂ to eastward- and sonrommgwa- unconsolidated units, and bedrock, and by evapotranspiration. and probably is efficiently used by plants so recharge from relatively short distances. Where it exists, the Fort Union W34 34N4IE33AADBOI Tsg 2,880 1 548 2229  10-20-98 S s 16 250 7.1 6.5 824 76  06-16:98
compiled during the reconnaissance study. The report contains a samples were obtained using existing pumps at a discharge point flowing rivers and streams in eastern Montana; some Tertiary Based on the analytical results from water samples itrigalinn most ke R el Formation is the most widely used hydrogeologic unit in eastern W35 34N41E33ADCDOI Tsg 2,875 1 52 2028 10-20-98 s s 16 550 16 = = i -
i i ; i . . : rocks w I . . d 3 . W36  34N41E33CDBBOI Tsg 2,870 1 535 - - = S 16 650 - — = =
:w%omo.o_wm_% map Hﬁ aomonﬁcom Eo_%w&omooﬁ__cma ﬂwszm of Hﬁ.ﬂﬁ as close to the wells as possible. Water-quality properties were Am o %Mmﬁoﬂmwhu Q‘._,MM _MMQW mwn MM NV.M g%oﬂﬂmom_wwwﬂavwomcm collected from three wells sampled for this study, water in the Discharge from the Tertiary sand and gravel includes Montana; however, well yields can be low, generally less than W37  34N4IE33DDBCO] Tsg 2,890 I - Sia Hoaoies S . i@ 350 o . L A .
Mwwwwoﬁmwm%omsm_ur MM.& M\%n_oﬂwﬁ__wo_ Muswwo %%S EMM@M%W_O H_ww Eommcam in the field and a wwwsw_n was oo_zooﬁw_ and v_..onwwmm@a Emwo:a by S T S _Mnmsa Quaternary glacial till generally had high concentrations of some withdrawals from wells, flow to springs, seepage of water into about 6 mm_\w:: AZoEa and others, 1982). . - W38 34N42E06CDCCOI Kh 2,925 1 122 - - - s 16 600 56 = L " &
o Gom-o.o QSW e nocsawzmaa W:Om N i e as Qomonw& gm Knapton ( . 5). »,mmEm es co ooﬁ@ in oow L s o e il e, B lowen e e oﬁ.a major ions (table 2). The major-ion composition was dominated streams, ponds, or wetlands, and evapotranspiration. Available . Little information about the Fort Union mo:.:.m:o: is %N wnnnwmﬁmmmm% mm WWM w “ Mw waw ”WMWM w M :NN wmw “w - . -
Py moo:noan_ e éW:m el moH e o cmw: were analyzed for concentrations o R OLIOHS, nutrients, an the Fort Union Formation (the ho,co Shale and the Tullock by calcium, sodium, and magnesium cations and the sulfate water-use information! for about one-half of the irrigation wells available and mnoc:a-smﬁoq occurrence, H.oormnm.n, and a_mo.rmam.m Wal  34N42E07BABDOI Kfh 2,920 I 117 13.17 102198 S S 10 300 38 7.0 442 76  06-17-98
These data, as well as previousl ) existin eolo mo msvm ol A Zw.ZO e Z.o:? Member) have been thinned or removed by erosion (Gruber SR A TR e SRR Se Bl RS (B (Denise Beggar and Kim Kissner, Montana Department of om.: o=.~ ' be geasnally n_._mocmmna. The moh..ﬂ CE.o: Fomsaiion wm b e s 4l ! e 2 wita c 3 # = 5 - - B
ol o a,mﬁm . %@Q o EM ot g geolog (Montana Bureau @m Mines and Geology, 1998). U:E:Wma 198 ) solids concentrations that ranged from 760 to 1,720 mg/L, which Natural Resources and Conservation, written commun., 1998- w.ﬂEm:G Ho:mqmwa by infiltration of precipitation m:a. water is ,,uuw WMUMWMWNMUUWM% Mw ww“m w mw e [ : w ”M _MMN ww - - -
¥ g ’ P et mmb_Wm were mccﬂ_ﬂ.ﬁa to the ZwKQ 8. %.6:59: analytical ‘_hraoc hout the Miocene and Pliocene Enochs. intermittent generally was higher than concentrations in other hydrogeologic 2000) indicates that the average amount of water withdrawn discharged by E_Eanmc.,\m_m from wells, flow to springs and £ . - - oshp GO S - - 9. . ~ - -
precision vanoaco_g:a\v. O.: occasion, triplicate mm.BEom were . woam 7 54, it b i Zoawm:m mmcmma - units (fig. 5). Concentrations of trace elements typically were from each of these wells is about 140 acre-ft/yr (median of about streams, and by evaporation. W45  34N42E21CBDDO1 Tsg 2,905 I 114 67.30  10-20-98 S S 16 1,400 31 10.0 598 80  06-16-98
Description of the study area oo__n_mﬁoarswr O Sek ”@B_mg Hﬁuo fize Cmo_w Zw:o:m_ Veater Syien Ot oo, Y de @omEosmoﬁ, the Flaxville HuoHBmaow low (table 3).  Nitrate concentrations in water from the 130 acre-ft/yr). On the basis of this average withdrawal rate and Coal beds within the Fort Union Formation are a source of &Mw wnmuwmwmmwww% MM wwww ” wa . R M “M _.www MM 20 o S
Quality La EEilBCy (NWQ vw GIVST, (805 TG0 a0 Bier (Whitaker, 1980). The Flaxville Formation was deposited by the Quaternary glacial till ranged from 8.7 to 30 mg/L (fig. 5). 26 irrigation wells that were inventoried for this study (nearly all water to some springs in the study CLity Many SPURiCS gic - . - - - - - - - 1,010 18 - “ -
Th d b 1180 mi2 i laboratory comparison OM m:m_v&om._ results. >=m_.<com; methods e 0) e ( P v irrigation wells in the Baylor-Larslan area), the average amount located far below the Flaxville-Fort Union Formation contact e i 2 . r B ) - : . - - - -
€ Study area encompasses dbout L, = of the NWQL are described by Fishman and Friedman (1989) ancestral Missouri River which flowed mostly eastward or . : (fig. 4); some of these springs have a similar altitude and likel - - - - - - - - - 1,150 26 - - - -
northeastern Valley County and the extreme western part of and Fishman (1993). Water-quality data from MBMG were used northeastward leaving several broad benches as the river flowed 1800 5 wm. b .s:EBés i Ll G et m.aé_ - di m.: i i 1b % m llier €1924) sid Grab Gmo% W49 34N42E28CBCCOL Tsg 2,895 U s 66.46  10-21-99 - - - “ - - - - -
Daniels C fie. 1). Th hiesv-edee of fhic sud . : ; g : _ 3 1% irrigation is estimated to be about 3,640 acre-ft/yr. This average ischarge from coal beds. Collier (1924) and Gruber ( ) N _ B B oD B
aniels County (fig. 1). The northern edge of the study area is ably vilien thcanalues nlknecd clectoschemically (o within 5 across this part of northeastern Montana.  The ancestral ¢ i : P i on i oy wheE e o o - - . ® A
the international boundary between the United States and Y ¢ R 1 vm: B led Ev\ 1 Missouri River is thought to have progressively eroded older LA ] m rate will vary from year to year as timing and amount of mapped several coal beds within the Fort Union in the W51 34N42E31BBAAOI Tsg 2,870 I 7 1554 10-21-98 s s 122 850 53 - S -
} ercent. For wells that had been sampled more than once, on ] e . . s S : W52 34N42E31BDAAOL T 2,862 U 39 1163 10-22-98 S - = = = = -~ -
Canads, whereas the southem boundary lis near the confluence Mﬁ PO o i ww i, o vBBW Flavilte: dpobiss \oavinp seiash ToRMmE, svok Wi BldE Bl 1as E precipitation vary for each growing season. Withdrawals from Wmﬁromﬁoﬂ: part oM morﬁ_&ﬁw\ area ».Lo.:m E.o inmm monw:wo_w_mw N bt oacas mm o : » e : : - = # - - -
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. : . . However, coarse-grained deposits contained in the Quaternary 1 d. il 1 el veloagic 4ok water-level data modified from Kirk Waren, Montana Department of Natural PHEIEELY FEcigizec DY IREISMOISOL DESCiBsunon. UNERgsi . ; . . . .
Regional Climate Center, 2002). Field blanks, used to determine the adequacy of the sample clay, and, in the upper part, occasionally volcanic ash and : : . : . W31  34N4OE28DAABOl  06-14-98  Kfh 774 7.8 7.5 210 37 28 96 3 43 280 0 230 120 25 4 30 489 6.8 =
: s : ; sand and gravel (glacial outwash) and in the Tertiary sand and e S oD he uni i o Resources and Conservation, written commun., 1996). hydrogeologic units might provide some recharge where vertical : - . ; :
processing and equipment cleaning procedures, are aliquots of > . J massive beds of caliche. The unit also locally contains interbeds Eatlienils afe dowinward, The ‘honzciul dircction of Water W34  34N4IE33AADBOl  06-1698  Tsg 824 7.6 6.5 230 43 29 100 3 4.0 320 0 260 150 18 4 19 530 8.0 —
’ deionized water that are certified to be free of detectable EESl (ot @.32 o Hlapwille .19.5&.55 E.ogzv\.mq@ of sandy gravel (Whitaker, 1980). The Tertiary sand and gravel wsostnE — amaa.mzoa R 06-16-98  Tsg 824 7.6 65 240 48 28 96 3 36 320 - 260 150 16 5 18 530 8.2 QAR
movnm_z concentrations of constituents and are processed through the ceatpely Sinil betaRss af MOUpIS Cpisades of arasith, generally exists as isolated, erosional remnants in the study area; el an ke RS RS or wtfer SRS gl outel (fig. 4) and water in the aquifer moves m: right angles to the s s o . - e - . ] . . | - o § e - " e
- - Seiile G lieE caBEDIC RS o Sreniiuais saiss The reworking by streams or glaciers, and deposition. Where these larger deposits are found in the central and southeastern parts of for this study, water in the Tertiary sand and gravel generally had oom.aoc_.m ot dewraradis ﬁn,ﬂ: few data 1 a.m y H%ﬁ : W4l  34N42EO7BABDOI  06-17-98  Kfh 442 7.6 7.0 150 2 20 a2 2 36 270 0 220 2 29 = 19 €270 83 -
: : ; : ; : : ‘ 3 . o oF s W nt. The few data indicate that ground-
Mean annual precipitation blanks are then subjected to the same processing, preservation S el D BIE e Rl s ot the study area. The thickness of these deposits varies but low coxontifonscings o ions (fis 4, o 7). "Ne majorion water flow most :Wo_w is to the northeast from ocaaow areas e “ " " - v » > X > N ’ - . 3 - o - " i
L ) D) 9 . . . . ., . . . . =17 o= o 2 - - 2
2 IRl e 5 transportation, and laboratory handling as the ground-water yiorling wwells an o Bagloglaslay deo), misiy wells mes typically ranges from about 40 to 120 ft (Colton and others, compositien wasderiiaied by caloium, spinm, aad mogassinm along and south of the Opheim Hills. Discharge from this unit is 20, o = = . o ; i i . e : . 5 v i
meVMOm Blank mmsm;ww ry ﬁm@& & m&@ﬂmw% the StEatice and —~W®~v~ are OOBm&OHOQ in one or more Ow. these OOWHMQ-WHN:._OQ —@mOV wmmm— beds Ow. it Q@@Om: Agm bage O». the BPlaxville cations NDQ the bicarbonate anion. Water from wells OOBH&OHOQ ) m: : . P i 5 k : 2 5 - Q : W45  34N42E21CBDDO1 06-16-98 Tsg 598 8.0 10.0 200 30 31 57 2 4.6 300 0 240 19 3.5 2 18 320 9.7 - _
: s : : units. Thus, these units probably are hydraulically connected Formation) are commonly composed of coarse gravel or in this unit had dissolved-solids concentrations that ranged from B e S T SUSEe O e S P Bal - 190%S, ARNIE L - - - %0 27 - " ’ % 200 0 e w >0 2 '8 p“ y g
L i magnitude of cross-contamination between sites. Analytical el d . ) . . y B Sl : . ; evapotranspiration. 061698  Tsg 598 8.0 - 190 30 29 53 2 44 - - 250 28 52 5 20 361 9.9 QAR?
rEsults for held biabks (ibles 2 aid B) show Thar miest and probably respond as a mEm._o hydrogeologic unit. For this sandstone and conglomerate lenses that are fairly well cemented 206 to 787 mg/L with a median of 296 mg/L (fig. 5). Bisecllh one. the, ansiioal el Eor 16, wter’ sanies Wikl sutieniibe ociesy | s i o 5.0 1 20 ’ 1) k. - 270 0 0, . 14 J 6 o " B
: L : report, glacial outwash (that exists at depth), the Wiota Gravel, and can reach a thickness of 20 ft. The gravel consists of well- Concentrations of trace elements typically were low (table 3). . e : P
L ] constituents were less than the minimum reporting level. d the Flaxvill ) : : g 4 -~ ) collected for this study, water in the Fox Hills Sandstone-Hell W57 34N42E35BCBCO1  06-1698  Tsg 515 8.1 10.5 190 31 27 38 1 32 290 0 240 20 32 3 18 289 3 -
Consequently, the analytical results for the ground-water samples and the Flaxville Formation die herein a.omomqoa to as ‘_,nq_wax rounded quartzite and chert pebbles and cobbles, and, as reported Water-quality data indicate that water from the Tertiary Creek Formation generally had low to moderately high W58  34N42E3SCAADOL  06-16-98  Tsg 499 7.9 95 200 36 27 26 8 34 270 0 220 20 5.1 3 17 276 5.1 -
" indicate no systematic contamination that would bias the water- mms.a ekl gt G,m.m,.mm..é oyitg o Eo_.w m:::m.s, o e - in some drillers’ logs, can be as much as 3-5 in. in diameter. Sl il kel e et AlicHih Tls milletnedrly e 1B concentrations of major ions (fig. 4, table 2). The major-ion o SRR e e 15 L >0 214 - 2 . £ 3 - 0 v b9 17 i 19 2 o =
m - d quality data which cannot be distinguished from the lithologic information Whitaker (1980) reported that these pebbles and cobbles average MClLs if used for drinking water or can be esthetically unsuitable i ¢ J f & ,: a g _c h 061698  Tfu 1,060 7.2 8.5 380 44 64 110 3 44 500 0 410 170 21 9 14 683 1.2 =
2 reported on drillers’ logs. However, most of the Tertiary sand about 1 in. in diameter but can be as large as 1 ft in diameter. as defined by the EPA SDWRs (U.S. Environmental Protection ooﬁwom_ 5:. ol water 3& most wells .émm ominated by the W62 34N43EI9BCCDOl  06-16-98  Tsg 507 7.7 7.0 240 36 35 19 5 3.8 240 0 200 24 52 2 16 273 13 -
5 and gravel probably is equivalent to the Flaxville Formation Blonause. of the Rt aeal exisnt e disseated et Agency, 2002a). The health-based MCL of 10 mg/L for nitrate SUUEE e, Sl i Bigtose Gisl ier Tei 06-16:98  Tsg 507 77 - - - - - - - - - - - -~ - - - u QAR!
Z3 Location and site numbering system (Bergantino, 2002). The Tertiary sand and gravel is discussed in of the Flaxville Formation, Nimick and Thamke (1998) inferred was exceeded in water from seven wells, the MCL of 0.010 mg/L feiiiing wills caataited 4 mushie of sedivm, calelmn, gud Whe onEERARaOL - GGEOE B b o URL = ® % 2 4 23 2 g o 9 il 2 15 =28 -
2 | OPHEM detail because large water supplies can originate from this unit that flow paths in this formation (where it exists within the (10 pg/L) for arsenic? was equaled or exceeded in water from A SRE A SlicHs amiste (isan ndies aniany TH9 dissobagh gl -l =l 77 iy 140 24 & = - a6 = g 270 40 74 6 20 357 0 -
& | 16SE | GIERSE: Sies ake assiphed locatien [ibets aid Beeanae ik a5e jish el 40 doserlbe fiest othet oesiby Fott BocieDidin Resersafion) were relaivall short and two wells, and the MCL of 0.2 mg/L (200 pg/L) for barium was solids concentrations ranged from 258 to 1,030 mg/L with a W68  35N4IEQ9BCCCOl  06-17-98  Tsg 518 7% 7.0 250 52 28 13 4 3.0 230 0 190 17 75 1.1 2 274 15 =
= . g i e h : e looi T . X y ; . . median of 458 mg/L. Concentrations of trace elements typically W73  35N42E21BDDDOI  06-15-98  Tsg 616 7.8 7.5 270 39 42 17 5 2.7 220 0 180 45 44 1.0 18 304 22 =
9 Mgah arisslprecipiEtan according to their geographic position within the rectangular grid ydrogeologic units 1n the study area. that water from the Flaxville Formation was recharged relatively exceeded in water from four wells. The esthetically based werelaw (bl 3) 061598  Tsg 616 o n - - B _ B _ 4 _ - 3 . B . p o QAR!
m is 11.8 inches ] system used for the m.:c&imwo: of lands (fig. 3, sheet 2). The r nosmoramﬁa rvdaomw.o_om_o Eﬂa (bedrock) include the recently. The apparent recharge dates for ground water from SDWR Concensralion of 500 mg/L for dissolved solids was Wit fici .Eo Fox Hills SandstoncHell-Creok Posmation W75  36N4OEO3BACDOI  06-1598  Kih = 73 7.5 480 63 79 200 4 13 740 0 610 220 49 1 16 100 26 -
g location number consists of as many as 14 characters. The first ertiary Fort Union Formation and the Upper Cretaceous Fox seven samples ranged from 1971 to 1989. The relatively young exceeded in water from two wells, the SDWR of 0.3 mg/L aiiake aikialth ok as deRieA By fhe BPA MEks # 65ad Br W76  36NAOEIIBCBAOL  06-15:98  Kfh 1570 82 7.5 31 63 16 370 29 41 730 0 600 220 14 5w 992 <25 -
8 | three characters specify the township and its position north (N) Hills m.m:mmﬁosn-moz Creek Formation. Sandstone beds of the apparent age of this water (6-24 years old at the time of sampling (300 pg/L) for iron was exceeded in water from one well, and the dthine water or Ganibe cothticaliztnsuiialsas defied by the W78  36N40E22BCDDO1  08-28-78  Kfh 953 7.7 9.0 75 (5 9.4 210 10 5.7 537 0 440 65 1 1.0 20 587 27 -
w of the Montana Base Line. The next three characters specify the Fox Hills Sandstone and lower part of the Hell Creek Formation in 1995) indicates that recharge is derived locally through direct SDWR of 0.05 mg/L (50 pg/L) for manganese was exceeded in EPA chSN (U.S. Envi . w Proiection Asency. 3 ow 2a) W79  36N40E22DCDAO1  06-14-98  Kfh 690 7.9 8.0 41 74 5.4 150 10 3.9 400 0 330 41 27 1.8 18 428 <20 _
W range and its position east (E) of the Montana Principal Am_m.o referred to as the Fox Hills-lower Hell Creek aquifer) infiltration of precipitation or leakage through the overlying water from one well (tables 2 and 3). The health cwmna.vwom,:mow%m.wh m_.“.u QMSH: ge OVM d aw.. W80  36N41EOIBABBO1  06-1598  Kfh 560 7.5 9.0 220 37 30 37 1 39 340 0 280 20 6.1 3 18 322 25 -
i . Meridian. The next two characters are the section number. The typically are used as a source of water in eastern Montana and glacial deposits. Hydrogeologic conditions in the Tertiary sand Nitrate concentrations in water from the Tertiary sand and ” :o .;m o: ni Hmro éwm Gm ow %i_m 06-15-98  Kfh = = = 240 45 32 32 9 45 330 = 270 19 5.8 4 19 325 2.6 QAR!
m next one to four alpha characters designate the quarter section, generally are hydraulically connected (Feltis, 1982). The Upper and gravel in northeastern Valley County are assumed to be gravel (fig. 5) ranged from 1.8 to 26 mg/L with a median water ﬁzﬁu.B oﬁswooéo \r : % o_mﬁ M:om__.aw ase - 06-15-98  Kth 560 75 9.0 240 45 31 31 9 4.0 - = 280 17 5.1 6 20 320 - QA-R?
£ 1 (160-acre tract), the quarter-quarter section (40-acre tract), the Cretaceous Bearpaw Shale has very low permeability and similar to those in the nearby Fort Peck Indian Reservation; thus, concentration of about 13 mg/L (includes three values of 13.8, “,M”MM_WWLOMMMQ im_ﬂmﬁo mqgwwmu MM . wosw wbéww oﬂxooo\rw mE Tl ek i el e - - L 4 O Y - Moo < AMM 17 i, W S e e
i quarter-quarter-quarter section (l0O-acre tract), and the quarter- typically does not yield water to wells; thus, the Bearpaw Shale ground-water flow paths in the Tertiary sand and gravel in this 15.0, and 17.5 mg/L not reported in table 2; wells were ) o > Mg He . R .| ok e = 7 iy 1o 2 “ = 3 ! o 0 : . o ° " - o 2
o .I-’ . ) . f Bt d dflow £ i % : : ; g ) . iron was exceeded in water from two wells, and the SDWR of W86  36N43E26ABADOl  06-17-98  Kfh 1,220 7.0 8.0 170 33 20 50 p 3.1 260 0 210 35 5.8 3 16 298 5.6 -
2 quarter-quarter-quarter section (2.5-acre tract), respectively, in QHDS & DAIHICE o-downWArd TIow 110 the OVEriying Lmits. study area probably are relatively short. Local ground-water previously sampled). Nimick and Thamke (1998) investigated :
> i . . e - . ) A ” . . ) » 0.0M EW\HL AMO _.‘_.W\HLV WOH Eﬂﬂmwsﬂmw was OxOOOQﬂQ in water H..HOB W87  37N40EO0SDAADO1 06-15-98 Kth 925 75) 8.0 200 33 28 150 5 6.0 500 0 410 120 35 <.05 22 607 <25 -
m which the mwocsn_-émﬁn site is located. These moc.n subdivisions flow directions vary owing to variations in topography, laterally the ox@:. magnitude, and e o.m nitrate in the meﬁ.:o four wells (tables 2 and 3). W88  37N4OEI4BBBCOI 061598  Kih 634 73 110 190 37 24 71 2 5.3 400 0 330 17 L1 2 20 375 <25 -
e LUSTRE of the section are designated A,B,C, and D in a counter- Unconsolidated hvdrogeologic units discontinuous permeable layers within the sand and gravel, mondwso.s and other hydrogeologic units of the Fort Peck Fn:ms Nt conteiatibne i Wiier fom e Fox W89  37N4OE30AAADOl  06-15-98  Kih 1,010 71 8.0 310 49 46 120 3 7.8 640 0 520 54 29 1 30 627 <05 =
z 4 NNW - clockwise direction, beginning in the northeastern quadrant. The ydrog 8 amount and timing of recharge, and pumpage from the high- Reservation and nearby areas. They concluded that higher Sandstone-Hell Creek Formation ransed fiom <0.05 % 26 s/l 06-15-98  Kfh 1,010 7.1 8.0 320 51 46 110 3 8.1 - - 529 47 29 4 33 619 - QA-R'
= R — last two numeric characters specify a sequence number to yielding wells in the Baylor-Larslan area. In isolated outcrops, nitrate concentrations in ground water of the Reservation most il s Fradian carcenting, of 0 WQ —_— m. 5) Z:qmmﬁo W90  37N4OE33AAACOl  06-15-98  Kfh 1,740 71 6.8 230 50 25 21 6 3.1 290 0 240 23 8.8 4 16 288 <25 -
. is 12.0 inches i distinguish between multiple sites at a location. For example, such as those north of Opheim and Richland, flow and saturated likely are derived from soil organic nitrogen. Cultivation of i i the Fox Hills S a . m.m 1 Om. wu.u d W91  37N40E34DCDCOI  06-1598  Kfh 453 7.4 7.5 220 51 22 14 4 2.7 270 0 220 11 2.0 4 17 258 2.1 =
location number 33N40E09BCAAO! represents the first well Quaternary sand and gravel thickness probably are limited. native plants and crop-fallow farming can lead to rapid .oo:%n - _owm Em M % xw _Wm = M. o i d Moo o%% _ws Wi T ORERSEC S L 2 82 8 k2 & &9 - &l o0 ¢ 8 o 43 & e 6 == -
inventoried in the NE 1/4 (A), NE 1/4 (A), SW 1/4 (C), NW 1/4 Hydraulic characteristics for the Tertiary sand and gravel mineralization of soil organic nitrogen; nitrogen that is stored in MW Emo\hzﬁﬂm.amow M: d HMM_ES QMMWMV 108 T ged from. <i8 - 06-15-98  Kfh 1,070 7.9 8.5 73 15 8.8 220 11 5.1 = = 489 86 i “ 24 659 = QAR!
(B) sec.9,T. 33 N., R. 40 E. For ease of reference in the text of Quaternary sand and gravel (Qsg, fig. 4) generally includes can be inferred from pumping water-level and yield data from ’ ’ e MM”WMM MM 7 " = MMM ww ww m .M MM MMM M Mw“ MM MM HH_V “M MQM _wu -
the report, ground-water sites also are assigned a site number alluvium of Holocene age along modern flood plains and in drillers’ logs. The specific capacity of a well provides an index deey e ﬂ.o Q.Q WQ 24 % 35 3 o u.o 250 q.o N.A " i NMQ - MM.MN
d - n . . . . eq . 0 . — S = < ~ T - E 2 * - =
between W1 and W95 (fig. 4, tables 1-4). larger Pleistocene meltwater m:m::&.m. Locally, ::m.E_: Eo_.caom of the .mv:.:v\ of a :wanomm.o_oma unit to :mn.mB: sm:.oh ! Water-use data for these irrigation wells are incomplete for each welllbut generally are - - 06-15-98 - = - - - <01 <01 <02 = <02 3.1 = 25 <25 12 08 <l - <25 QA-F*
terrace, lake and pond, landslide, eolian, and colluvial deposits of Transmissivity can be underestimated when the specific capacity reported for some wells starting as early as 1985 and are reported for most wells = % 06-17-98 - = % = & <01 <01 <02 - <02 33 = 2 <25 <05 <05 <1 = <25 QA-F*
. Holocene and Pleistocene age. These deposits consist of gravel, is affected by well construction, partial penetration of the well in HORELSCh 'Duplicate sample (analyzed at MBMG).
. . . . . ke bl IO 5
-I-I Acknowledgments sand, silt, and clay that range in thickness from about 10 to 30 ft the unit, and aquifer-boundary conditions (Walton, 1962). Most WMUMWM_NEMNMWSwmmh, Sl R — e 1555
. . - e . i T S as Tertia xville For n (Nimick an e .
> (Colton and others, 1989). Quaternary sand and gravel is present of the high-yielding wells in the Baylor-Larslan area were ﬁaa.wa__nw%_amai&wwzmwze. N
J F M A M J J A S O N D The author acknowledges with appreciation the many land along most streams and in most coulees in the study area. The completed with a 16-in. diameter stainless-steel screen, which 2 o
: : : . X , y In January 2001, EPA adopted a new standard for arsenic in drinking water at 0.010 mg/L
Bligitie 2. Meanimontily.piecinifation ton tie. 1961290 parad o etordikor owners in the study area for allowing access to their wells. largest deposits extend along the West Fork Poplar River, which probably allowed all of the screened interval to be open to the (10 ug/L) which replaced the previous standard of 0.050 mg/L (S0 ug/L). The rule
three weather stations, Valley County, Montana. Data from the Western Appreciation also is extended to M.R. Cannon and Joanna N. is the only perennial stream in the study area. unit and the increase of drawdown (well loss) caused by water SCcame clicetive Eeumeatn.. | Miulie doinking waice S Siws B0 oG it
. . s : . : . . i . . r L. y the new 10 pg/L standard by February 2006 (U.S. Environmental Protection Agency,
Regional Climate Center (2002). Thamke (USGS) for discussion, review, and interpretation of Little information about the Quaternary sand and gravel is entering the well to be minimal. The few data available from 2002b).
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