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This mesorendan gives the resulis of & brisf reommanissaace of the

groundewater eonditions in tie visialt, of the hllromi Doy Soout Raneh,

@  cortex comty, ¥, Vex., vade during April, 1956 o & part of the Statewide
invegtization of ;round-wgier resxfoes in cosperstion with the Few lexigo
Supeas of Tmnen and Yineral Ressurecs and the Hate inginwer of Yew axise.

» denre) eolagy

‘ Struetwrally, the Clearron Range is & Wroad nortbwerdeplunging
anticline. The emst flank of the struetars, an which the Philsent Hoy
Seout Rench liss, has been exiensively diszeeted by streans, axposing
Tpper "nm sud Tertiary scdisentary rocks. Igpecus rocim »f the

” .“ Tertlary eyste: heve been extersivel; intruded into tie elder rocks as
dikes snd sille.

“he Plsrre shele, of late Cretacsous aze, is the aldest forwation
exspoged and idestifie’ in the srses wheve the refounaissance was nade. It
iz charseteristically sa isperassble gray to black fiseile chmle which
locally contsine coneretiony af calelus carboretie and thin buds of line-
stons ond sandstome, It iz reported (o he adomi 3,000 feet thisk, although
this thiekness probebly included the Seatom and Niebrara formstions which

9 underlis the Fierre shale. Overlying the Pierre shale ls the Trinided
sandstons of Lats tUretacccus sge, which iy & wellecemented cosrne drab to

report not reviewed for confurmsnwe with stscdards or

pan=iile
mmongnelatures of the Coolagissl Burvey.
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darkebrovn sandatone; it 1s about 100 feet thick in the nerthern pard of
the ranch ares but is niseinme in the southerm part. Owerlying the Trinde
dad sandstone sre ssndstomey coal, end shale of the Haton formstlesm af the
Focens serisa of the Tertiary systes. After depogition af the Raton foye
mation, numerous dikes and ellls of porphyritic mongenile were intruded into
the Aaton sad all older fursations. Any Tertiary formetisns youliger than
the “aton that vere Jdeposited fn this erea were removed subseguently Ly
arosion. lweh of the evoxion that her given ths land surface ites present
ahape has taken plascs since the esrly leistocene; caniemporaniously,
pedinant gravels and slluviue derived from the slder forsations have Leen
depoaited.

Further inflormation coneerning the geology of the eres is given im

the following publiestions: Grdggs, R. L., 1948, Geology and groundewater
resources of the essters ) of Colfax County, . Vex. Uow Yexfece bBur,

#ines snd lineral HSagsources Uroundedater Report 1 asd, partieunlarly for
the hilent ares, Snlthy -4 F.p #nd F.u", Iee Sinp 1%" GOG}Q;,Q”__QI the
Cisarron Remge, Yew Jexles. Geol. S00. America full., 5b, ue. 7, p. 39192k
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Senersl Eydralogy of the Rock Forastions

itesording to Jriggs, the Fierve shale generally yields little or ne
water to welis. The few walls that have been develaped in the shale yleld
water of poor guality that is penerally wnfit for husss congusption. Ap
malysis of water from s Philnmont Rench well drilled in the Fierre shale
abeiit 1 niles southesoutimest of the ranch hesdquarters f» glven 2t the end
of the peport. Consideration hes beea given to drilling through the Plerve
shale to the lakots sandstone 1o oblain water; however, fa the vieinity o
the Milment Raneh the dopth to the Delote sandstone i3 betwoen 1,000 and 2,000
feet, snd the chesisal geality of the water in this avea is not keown. To
tho cast, water yielded to wells from the Dekots sondstome is of poor to fair
quality.

The Trinided sendstome, if ssturated, probadly would be an emcellent
aquifer. However, in =ost of the arscs whers vater {s needed, the formstion
is dissected snd drained naturally, eud bas sueh & thin sone af sstwration
that yields would be issdeguate. Where the sandstome is rather deeply buried,
below the Baten fermation, sdequate ylelds for stosk snd domestir use possidly
could be obitained. The Haton formstion yilalds & nederate amount of waber, ae
deronstrated by the Monil Cagp well, but the coal beds which are part of the
formution eontribute water of poor quality. The Tertisry intrusives as a
gensral rule are sulticlently dense that the yiald of water would be nege
ligihle.




The ressining possibility for the developument of gromdewater supplies
is the Quaternary allovius, The alluvium is a peerly to mederately sorted
rdxture of clay, sand, and grevel, whieh ylelds weater of falr guality in
guall to moderate gquantities. The amalywis af water frem a well dug in the
alluviue about 1 mdle west of the raneh hesdguarters ies given at the end of
the report. The thiskness of the alluvimm differs greatly frow place to
place, &s doers the thickmesa of the saturated some. In ganeral, the scetion
would be thickest near the «dddls of the valleys A% most of the canp sites
snd both ramch sites that were visited, the alluviue reste on the impersesble
Plerre shale. At Ponil snd Sorth Pondl casps the alluviem lles on the Raton
tmuon. The neture of the bedroek at Miner's Park 4s not known at present.

For osbtaining water from & single aguifer the spesing between wells
is isportant; it should be determined on the basis of the asount of water
pusped from each well and the permeahility (ia turn deteruinsd by the sise~
grade and gorting) of the water-bearing material. Owing to insulficient dsta,
the nindsgs desirsble spacing between wells in feet camnot be caloulsted
sccurately, However, as a general rule, ii seess that wells should Le at
least 200 feet spart. In the Ponil Camp area, spacing would be independent
of the existing desp well, ss it does not produce water Irom the alluviuwm.




Xal) Otes

Ponil CampeweThe Fonil escp is in 'ddile Pondl Canyen sbout 0.2 ndle
soathesst of the confluence of South and iiddle Pemil Cresk and sbout
11 =iles northwest of Clzsrron. The width of the valley floor rangee from
about 200 %o 500 feet. The casp is sorved &b present by a drilled well,
reportedly 205 feot desp, which penetrates the Reton formstlon. The yiald
of the well averages about 20 gps (gallous per ainute) for extended perieds
of peping, but for shorter perisds of lndersittent puwping the well yilelds
about hO gpm. The water is of poor guality and contains large asounts of &
flacable gae, prewwpbly sethate, derived from the eoal beds.

mummﬂmmwummumﬁm
thiek at thet loestien, dut probably varies ecmsidercbly in thicknees 4n
different parts of the valley, The allavims probably receives adequate
recharge frem Popdl Cregk Lo neet mwoessary requiressnts of the imsediate
foture, issssesh as Pondl Creek flows wost of cach yewrs

Snggested dacutions for wells te be drilled are as followss in the
sroa Dear the present well, either to the southuesl between the pressnt deep
well and the ereek, or southuasd towerd the grove of truse, or slon; the edge
of the Fisld sbout 300 feet mouth of the present woll snd abowt sidusy hetwesn
the valley walls. The land curfsce in the field 1z somewhat higher than im
the valley near the presuent wall, sad damage by flooding would be minisdsed.
Purther development, if desdiid, could teke plice in the upper part of the
emesp ares slong; ‘dddle Penil Creek.




¥orth Fonil Ceup.--The Horth Ponil caap erea, koown also s» 21d Camp,
iz in North Fomil Canyon about 0,2 »ile southeast of the eonflusnce of Vet~
calf end Borth Poudl Tarnrome end about 12.5 miles northenoribwest of Clearren.
The caup i swpplied by one drilled well sbout 35 feel deep, the yleld of
whieh is unknown.

The alluvins in the valley floer is about 300 te 500 feet wide in the
onsp ares; and 16 is reported in the log of the well as bedng 2h feet thisk.
North Pouil Ureek {lows most of eash year, providing recherge Lo the alluviua,
The alluvise should yield encugh water to wells to meet future desands, :

[imerroncite Campe=-The Closrromzite camp is sbout .5 nilss weste
southwest of Oimarron, about & miles westenorthwest of carp hesdguarters, and
shout 2 niles esst of Clsarroncito Fesk. The camp iles in a valley tridutary
to Clissgwoncito Oyeek, exiending frow Clumrroneito Cree: sorthward sbout 1 sile
aeross & low divile or saddle. The entire casp is supplisd by a drilled well
which is sbeout L. wdles sorthencrthmest of Cizerrancito Reservelr, sbout 0,25
sdle south of the saddle st the head of the cenyomn, and aboud sddway between
the dry cresk snd the read. The well is 74 feot deep and, 24 reparted, yields
abaut 12 gpue

The valley floor is ebout 100 fest wide mear the woll, somewhal rerrower
than to the north in the saddile or south Soward the hunting ladge where the
vallsy is sbout 500 and 700 feet wide, rospectively. The altitude ranges from
spproximately 7,300 feet meer the Hunting lodge to nearly 3,200 feel in the
saddle. The altdtude of the well Is about 7,000 feot.




The thicknese af the alluviue in the Clsarroneito area is not definitely
imown, a2 & log is not avalledle fer the Clmsrroncito well. Howsver, from
the appearance of the well cubtdngs remsining on the ground nesr the well, it
seexa possible that the well is bottomed in shale, The thickwess of the
alluvius probably (iffers greatly fram place to plase in ihis amea. The
alluvis: receives recharge from the runolf of infrequent presipitation.

There sppear to be several fxirly zoed possible lasations for future
well sites in the Clamyvoneite ares. On the sorth side of the divide, st least
two possibilities cen ve considereds ome ig sbout 300 4o h0O feet soutimmrd
MN*MW.M&%&MMM&MNM
m«:mww;mum«mmmmw
the gorge and the eonvergenes of the two dry oveek Leds. The sres lyime
several bundred feet weat or west-sorthwest of ihe new shower house also holds
range snd the HBunting Lodge will prebsbly yisld wster to wells. 4 well in
this loeation would reduse the desend on the existing well.

Hinerts Parke-~The Niner's Fark emw site is in a soall park or neteral
elearing north of and tepographically above the South Fork of Urrasa Cresk,
about § =iles westepsuthwest of cesp headquarters and somewist southwset of a
divide between Hapth mnd JSouth Forlm of the creeks The park, which im approwe
izately triangular, is about 500 feet acroms. 4 s=all laks, shich is usually
dvy, ocoupies the siddle of the parks The proposed casp avea will be along
the ssuthern edie of the cleariag along the shbore of the lake. The campsite
is supplisd with water from & well near & dry creek at the southern end of the
parke Mdout 150 feat sonthwmet of the well and slong the cress is an old dug
well, and abomt 400 feet Tarther southweet is & sxeli conerete diversion
atructure, both of which conteined weter at the time of the visite

ale




The present well, whieh is about 23 feet deup, sbteins water from
alluvina. amgumhgdmun..m,m;mum
encountered at the botton af the well; whether this in bedragk or a sandstone
bodlder L8 not kntem. The well furnished at leset 20 gps for ghort perisds,
ard peapiog for L bours snd 1S sdmutes at 20 gp« reportedly lowered the wmter
level k7 imches.

Tuture development in the mrea should be nortiwerd from the present
woll, preforasly slong the western adce of the eleering, It would sgpear
thm.%mu-mmmm,mm
oxcellent reoharge after periods of precipitation,

Slark's Fork Campe=-The Clark's Fork ares is at the mouth of Clark's
Pork Canyom, a tridatery of Cimsrranciio Creek, about © siles vast of cap
headquartere sad shout 7 sdles westesouthwest of Clearron.

Tee reportedly dry holes were drilled in the arva: ome, thought o be
that referred to in onwy pecards as the 0. 1 test, was deiiled sdout 120 feet
south of the shower housej the other, the no. 2 test, was drilled about 20 feet
southesst of the shower house, The ssuthernsest test bole, na.l, was £illed
ad avandoned, but easing was left in the sowcalled no., 2 hole. Ity seasured
dapth, which was reported &s 2% feet in the log, iv abost kY fost, and the
dopth ¢o watey is 9.7 feet. x:nnww&uumdmmu
snrentially corveet, and that the depth to bedrosk is 2k feet, then there ia
nearly 1b feet of seturated thickness whioh perheps eould yield a few gallons
por mtmute 1f the well were rensbilitsted. It i3 sugested that the easing
be pallad and messured snd the musber and sise of the perforstioms be deters
nined. If the length of perfersted cesing is less them 1i feet, more pere
forations should be sede. The casing should them be replaced $n the bals to
& depth of 2k %o 26 feel and swrported from the top by o casing claxp. Pere

foratian and dewaiopmenl procedures ss deseribed later should be ussde
-
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Sayade Pastures=eThe faysdo Pagture well & about L5 ulles souwthward
from casp bosdguarterss The "pew® well $s5 about 0.3 mile north of the Ragads
Pasture woll, and both arve 1 aile west of New “exdico State Eigtway 21. Nach
well 1s reperted to yisld & meximas of sbout 1 quart per ainute after water
fa storege in the emsing is resoved.

It appeara fros the svallable data, imoluding the driller's log, casing

data, and the reported watsrelovel date, ibat lo the elder Hayado well the

water say be partislly sealed off by the casiage An suggested in the cuse of
the Clark's Fork no. 2 test, it might be worthubile 4o pull the easing, measure
the asownt of perforation, and make more perferstions if needed., fsswdng from
ﬁ‘hcthttbmhwrdhmmmatﬂthsflhm%mt,“
that the depth te water fram Land surfecs is sbeut 'O feet, perforstion sheuld
be zade in st Jeast the lowest 20 feet of cesing 1f 70 feet of ossing 1s re~
placed. The weter level sheuld be sessared aftor a period of wo pwping to
deteruine the true static wstar level. 1 the depth to water 1s less than the
valaa previocusly stated, than more of the essing should be perforsted. Yhe
well sheuld be developed as owllined laters

In the case of *he "aew™ sell, further development zay bslp $9 inerease
the yisld. However, the well ia lovated rather i b alomg the flank of the
valley, and the gone of saturetisn say not be sufficiently thick to yield sdew
quate water. There appears little possidility of the water belng eased off ia
tals well, as 1t 1o reportedly sased with ome lenghh of pipe 1o & deptl of
about 20 feet. The static water lovel is 2.1 feet. If $t 15 considered
desiradle to sttewpt further developsent of thdn wsll, it would be advissble

o ease i1 0 2 depth of sbout 50 fest to provide support to the bore wallp
3t leagt 20 feet of casingshould be perforeted i this procedure is followsd,




‘ © Yegse~-The vega 1n part of a pasture ares aiong the ossh property iine
of the rench, about 3 alles asuth of Cimarron, 2 sdles sorthessi of ocap hesde
quarters, and sbeut 1 nile esstencrthesst of the rench hesdgquarters. The vega
has bYeen irrigated with saler sdtained from a pit reportedly about 10 feot deop
and sbout LD feet sgunrs, whieh wee excavated st the west end of & long, narrow
sarshy area. The pit reportedly provides sbout 130 gpe for § heure and reguives
about 3 dars to recover. Yhe statis water level is mesr the lsnd surface.

xmmhammmmmtdmmmw'
atalied ai the pit and placed in oporatlons when ihe water level has declined

'wuummmactwm,mpnmmmhm rhen,

aad if, water flows in et & rate sgial 45 or greater then the asount beling

punped, the supply will be adequate. If the ylold ie not adequete after

Msmmmmwﬂsmwmmm._

Heavy pumping in the vegs area should not influsnce the wells Lo the wost st

the Lower Hoek Flase. '

™ esards.e-is & matier of ool adsinistratisn for pesaibls future refe
srente in questions comcerning individesl wells snd as sn aid in detersining
futare aotions for new wells, it is advissble te collsct the fullowing date
&b the time & well is being drilled:
A set of lebuled, wmmshed samplrs of rock essountered, collected ab
2+ to Sefuot intervals, is excollsot. However, a wmritien log, carelully resordsd
during the time x well 1s belng drilled, cen be of great valus. The length and
mummuwum«mmmwam
or sereen. This informatien is particularly of value in the event thail a prome
‘ 1ain: uncssed veoll bogoses inhdequate after it is eased and *finighed.” The
mwumxmmmmhuawmummugmaum

should “e recarded, along with the msasured depth of the welle
-lle




Brilling.~-ilolen shoold be drilled in short russ of 2 to 5 feet snd
should be balled clesn at the end of ench rem. Each hole should be drilled @
fow fest into bedrosk, for two ressonsy to make certsin that bedroshk has been
veached, ond o provide a2 ssall bailing pit vhich is somewbiat Lelow ihe base
of the aquifer in order to insure 2 clesu hole uwpon completion of the well and
to provide s swall catchaent for materisl whieh may enter the well laters

Wumm-muwwﬁnamm
hole asd 1a perforated to persit the eatry of smter into ihe sssing, The shaye
and ssount of jerforations wssd vary greatly with dlfferemt drillers, snd
depend 3190 on the type of casing usd the nature of the aguifer. Yor the ello=
viuz 8¢ Philmont Scout Panch, 1t sppesysz that slots cut into the easing about
onsesixtesnth to ome-eighth imeh wide, 12 inches lom, and 2 4o L inches spert
would be adaguate. The blank sone i sach line of slote should be stepdered
in relaticn to the blacks of the sdiseent Lines of slots, which efleotively
{noressed the snthint of perforsiina without jeopardising the strengih of the
catdng. Yor 6= to Beimeh cesing, ¥ lines of slots distribubed around the olre
owil'aresce should be sdoguate.

The linesr amount of easing te be perforsied should be detersdmed hy the
thisimess of the saturated sone. This s detersined Ly messurdng the depth of
the well and depth to the sompamping, or sbetis, water lovel; their difference
being the thickness of the squifer (seswsing, ae iz likely, that water table
rather thon artesian conditions exist). The distance drilled inito bhedvock
should he subtracted from this value, and that part of the casing which sxbtends
into sonewater-besring bedrock such ac the iiarre shale nved nat be parforeied.
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Jeveloprent of wellge=-bpveloping a well refers to the process of

resaving the fine materisl such sz clay, =ilt, and fime sand fros the pock or
alluviun imsediately outside the well easing, peraitting water to eater the
essing nore resdilys This ean be dome by surging and beiling., Surgiag 1s o
process resultin: in 2 vertiesl sovement of water in the upper part of the
eosing, which in turo becomes an inesndesct movesent im the slotied part of
the casing. It helpe to resove the finer materials frem the reek or alluvium
outside the casing, inereas«s the poresity of the sguifer adjacent to the
tasing, snd ecleans the slots or seveen. OSurping should be followed by balling,
mum‘munmmmhhmmmnmmmm. In
the event that a driller doen not have & surge Mlock, a bailer slightly ssaller
 than the easing diameter and {illed with wster oan be used. The individeal
periods of surging say range from « fov mimutes at the stert to perheps 15
rimutes later in the peried of devolopment, dependent on the asount of elar
and fine sand that sccuwsslated inside of the casiag, Yhe well should te dailed
at frejuent intervals, ¢o resove the scowmlsated neterial. Surging and bailing
should be continned st least antdl the amount of msierisl thal enters the
essing durda; sweging is olight.

In some cases, the addition of cowerical well detergents =ay fscilitate
the resoval of clay from the slets or borve wall. One such detergent is sedius
hexazetaphosphate, These chendocals are used in addition bo surging end bailing.
The recemwnded concentratiss is 15 to 30 peunds of chendeal per hundred galluns
of water in the well. The voluse of water in storage in a well is deternined by
the forsulas Y r%h aivided by 7.5, where™ is 3.2k, r is the radius (net disseter)
in fest, h i» the hédght (in feet) of vater in well, 4nd the volums ia in gallans.
The chesical should resain in the well 2k %o L7 hours snd should be surged briefly
10 o 12 times during the perisd. Surging and balliny are then carried on wntil

]l
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' development {8 sowpleie. The trestesnt should be repeated onte, but Af

mltcvwmtmmﬁun.wmb-mnnyn5wéw.
I8 should be umderstond thet chemisal trestzeai is not & cere-sll for week
mmmwu.mmuamu Wx’M'_
treatuent will isprove yields of the wells drillad in the ares is not inmown
and Af trisd should be considered as sm experiment, Ay

fevalopment with or without chendcals can be songidered complote when
the water bailed from the well s elear, 1ittle or zs sil% or sand i present,
and the yield deos mot ineresse sppreciabls with cantinsed development. lu the
avent that the yisld of a well is spparently insdequate, developsent should Le
pontimied st lsest & hours befare sbendoning the sites |

Seaitatioue=-The top of the seslng of ench well should Lo sutliciently
high sbove the land surface to prevest entry of flosdwater. A greund level,
an adequate conerete slad shomld be poured to prevent runoflf imter snd small
snimals from entering the Lole outaide the eaxing, After flalshing a well,
but prior to installing a pwsp, some provision for inserting & tape to xake
wvater=lovel mesgurasents should be rade. "se poesiidlity i2 Lo drill and tap
a halfeinch hole in efither the easing or the cseing cover and seal the hole
with a thresded plug. Another equally good method is to weld op thread &
d= to 1i~ineh dismeoter thvesnded and capped nippls into s hole in the eawing or
well cover, The top of the casling under the pusgy should be sovered tightiy.

Pamping tests.-~i pwping test conelsts of two parts, drawdown and
recovery, Such s test can provide dola which will deteraine what the pweping
lovel for a gives yleld «1ll be, wbat thwe speoing betwees walls should be, snd
what the mexbeu yield of that well will be. 2 pusping test 49 @ amatbter not
only of detersining the suoust of dreardown after & specifie periad of pusping,
but of detersining the rate st which drawdows oeours snd, upon cessation of
pumping, the rete of vesovery.

G




Posping teste should be rum for at lesst 7 hours, sad preferably longer,
The rate aof pusplng should e kept constent and should not be great enough to
draw the wvater level down t0 the puwwp inteke. As s wmeple, 1f o test wore
to e oade on the Clsarroneite well, shich reportedly will produce 12 gox but
not 15, the puspine rete shomld probetly be § ar 10 gpw A the pusp intake is
close 40 the botten of the well. Macharsed water should be led away from the
well g0 that loesl incediste recharge caasct osowr. A prectical soheduls of
metsuresents iy =5 follows: Make severs! ssssurescuts over & periscd of several
hours before the test starts, notlng the tize apd making one last moasaremsnt
ismedistely bvefore etesrting the pusp. For the flrst 10 sduutes of the test,
mpasarenents shomld be cade wo frequently as possible, recording the neamure-
ments and the {ime, preferably in minutes from the start of the test. A
suggested schedule of measurements (0 be uacd for both the pumping tost wnd
period of receovery followst
Delf As amny &3 pessible
We3d Omes per simabe
et Onece svery 2 sinutes
50=90 (1=1d hoara) Daee every 3 simutes
Ww120 (1§ = 2 howrs) Onve every 5 ulnutes
120190 (2 « 3 hours) ¥vary 10 sinutes
10-2h0 (3 = b hours) ivery 20 ninates
20-300 (4 = 5§ hours) Every 30 mimutes
300 = End of test Evary hour

Tmedistely before the puw s shut off, two or \uires ssassresents
should be made. 4As eoon 25 the puwp Az shut off, the recovering sester level
is measured 'm the save schedule 2@ wsed during drswdewn.
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(parts per million)

Analyses by Geological Survey, United States Department of the Interior

36631
Yaawell Orent No. 59 4
Analyeis No. 3 ﬁf.r
Date of collection....coovvvurnee 5/9006| 5/31/448)
BiHon (BIQ) . o¢. iy shhs vighin o8 & i
Iron (Fe), dissolved 1/....c0uuvse . &
Iron (Fe), total....... 85 < Sleile o
Manganese (Mn), dissolved 1/ ...
Manganese (Mn), total ..........
CRIETUm O B) 5 i o ehaadie 5o/e Db sik
Magnesium (Mg) . .covvvvvannnsns ?{g u;:
I T ) DY S N R e D i
Potassium (K) ..veeurneens e ; L5 22
Bicarbonate (HCOg) ..vvvu. % B
Carbonate (CO,) SRR PO iy 512 25
Sulfate [SOL). ¥ s« oo vasiivais o v ons s o
Chlorile (Gl < v, vin'sts s o sy olin e % 3“?,.5
FIUOLEER AT 4 b e viv s o4 9 0n aei'e & " o3 0
Nitrate (NO seseinsesesssss e o2 0
30““ (E“ SERBI N RE R TR RR R e - .2
Dissolved solids
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Structurally, the Cimarron Range is a broad northwa.rd-plunging anti- .y

Vs Kot
cline. The east flank of the structure, &kengwhick?%hilmont cout Ranch lies,

‘:’4"ﬂ(
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has been extensively dissected by streams, exposing Upper Cretaceous and

Tertiary sedimentary rocks. Igneous rocks of the Tertiary system have been

M%q
'I_’I—-

. extensively intruded inte the older rocks as dikes and sills. ¢
The Plerre shale, of ;ate Cretaceous age, is the oldest formation :t §

exposed and identified in th/e areas where the reconnaissance was made. It is ;": ;

‘ characteristically an impeﬂrmea.ble gray/ to black fissile shale which locally i

| contains E:ime*concretilén{s: lz;,r'ldthln iae‘éé of limestone a.nd sandstone. It is ; ‘t
| reported to be about 3,000 feet thick, although thifs[! ;gc;b/e:‘t')ly includes the § 5
=~ A
Benton and Niobrara formations which underlie the Plerre shale. Overlying g\/ f:

& -

the Pierre shale is the Trinidad sandstone of %ate Cretaceous age, which is a §‘.§ ¢

‘ well-cemented/ coarse / drab to dark-brown sandstone; it is about 100 feet thick: §§“
in the northern part of the ra.ncﬁ?:;a but is missing in the southern part. Over- ‘;

A ~

!

lying the Trinidad sandstone are sandstone, coal, and shale strate—of the
Raton formation of the Eocene series of the Tertiary system. After deposi/ﬁ-

‘}' ion of the Raton formation, numerous dikes and sills of porphyritic monzonite

a"l niuw A( "™ d/ﬂ uy,vwry {un é, M*« iy s
»/'%
were intruded into the Raton and éll older formations. /‘Zince the ea.rly

;O
Pleistocene$ erostiontmsshapedthe-mounbeins—and. canyons,—and contemporan- 1 X
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iously, pediment gravels and alluvium derived from the older formations were ¥ %.g\
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Further information concerning the geology of the areay is given in

the following publications: Griggs, R. L., 1946, Geology and ground-water

resources of the eastern part of Colfax County, New-Mexiee; New Mexico

Bur'e.au..-oi—‘—-Mines and Mineral Resources , Ground-Water Report Nember 13 and,
particularly for the Philmont area,/ Smith, J. F., and Ray, L. L., 1943,

Geology of the Cimarron Range, New Mexico; Geol. Soc. America Bull., vaf. 5k,

nO. B 8 l- 2)"" F a .
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General Hydrology of the,Formations

According to Griggs, the Pierre shale m yields little or no water

to wells. The few wells that have been developed in the shale yield water whes-

" A

ig—wesuadty of poor quality generally unfit for human consumption. An a.n-d/ -

glysis of water from a Pnilmont Ranch wellsbout 3 miles south-southvest ofthe _
B T t?‘.‘“‘"“ 441—44“ d/ : &qyypé«—ﬁd-‘k
‘ ranch headquarters( illed in the Pierre shale &eeeﬁfpantes—ﬁhee&-aet-es -Some-

oo {ptirn Aourd
WM drilling through the Pierre shale to the Dakota sand-

stone to obtain water; however 5 in the vieinity of the Philmont Ranch the depth
to the Dakota sandstonel is abeout-57000 feet, and the chemical quality of the
water in this area is not known. To the east, water yielded to wells ;'the
Dakota sandstone is of poor to fair quality.

. The Trinidad sandstone, if saturated,\would' pfoﬁé.ﬁ?}be an excellent

aquifer. However, in most of the areas where water is desired, the fo7ﬂ

~vation is dissected and drained naturally, and has such a thin zone of satura-

tion that yields would be inadequate. Where the sandstone is rather deeply

buried, below the Raton formation, adequate yields for stock and domestic use
possibly could be obtained. The Raton formation yields a moderate amount of
water, as demonstrated by the Ponil Camp well, but the coal beds which are

part of the formation contribute water of poor quality. The Tertiary intru-

sives as a general rule are sufficiently dense that the yieldf of water would

-




be negligible.

The remaining possibi%}ty for the development of ground-water supplies
Yo o
is the Quaternary alluvium. %z;is a poorly to moderately sorted mixture of

clay, sand, and gravel, which yields water of fair quality in small to moderate

quantities. The analysis of water from a well dug in the alluvium about 1

v ()Mk /‘:p‘ri‘
mile west of ranch headquarters asceempanies—these-nedes. The thickness of the

alluvium differs greatly from place to place, as does the thickness of the
saturated zone. In general, the section would be thickest ﬁearxmiafahlley.

At most of the camp sites and both ranch sites that were visited, the alluvium
rests on the impermeable Pierre shale. At Ponil and North Ponil camps the
alluvium lies on the Raton formation. The nature of the bedrock at Miner's

Park is not known at present. I

\[tv (W
- Shaca y
(/Tﬁe déZ%ance between any-twe wells) uhéehAobtain water from a single
L\ leu«fd e o ,AL [raoee }
aquifeﬁ is important apd-is determined by the

n{‘[L(/‘-é i ﬁMM d‘»‘r};uy;g /ll
each well and t eﬂsize -grade and sorting)of the water-bearing material.

MM Iarsrana. FONa Ll DGR
Owing to insufficient data, the absolute<disbance in fleet( between wellejcan-

caf(:n. (\TI ‘ altinex 1

not be provided. However, as a general rule, it seems that wells should be

amount of water pumped from

Lk

at least 200 feet apart. In the Ponil Camp area, spacing would be independent

of the existing deep well, as it does not produce water from the alluvium.
Well Sites

Ponil Camp.--The Ponil camp is in Middle Ponil Canyon about 0.2
mile southeast of the confluence of South and Middle Ponil Creeks and about
11 miles northwest of Cimarron. The width of the valley floor ranges from
about 200 to 500 feet. The camp is served at present by a drilled well,

reportly 205 feet deep, which penetrates the Raton formation.
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The yield of the well averages about 20 gpm_for extended periods of pumping,
but for shorter periods of intermittent pumping the well yields about 40 gpm.
The water is of poor qualitz/ and contains large amounts of a flammable gas,
presumably methane, derived from the coal beds.

According to the log of the present well the alluvium is 18.5 feet thick
at that location, but probably varies considerably in thickness in different
parts of the valley. The alluvium probably receives adequate recharge from
Ponil Creek to meet necessarydrequirements of the immediate future, inasmuch

MAIA !

as Ponil Creek flows %he—greaten—fartiof each year.
Suggested locations for wells to be drilled are as followsj in the area
. near the present well, either to the southwest between the present deep well
and the creek, or southward toward the grove of trees,nfhﬁ or along the edge
of the field about 500 feet south of the present well and about midway between
‘ the valley walls. A‘».'Iand surface in the field is somewhat higher than in the
valley near the present well, and damage by flooding would be minimized.
Further development, if desired, could take place in the upper part of the
camp area along Middle Ponil Creek.
North Ponil Camp.--The North Ponil camp area,(giégjiﬁaﬁﬁxas Old Camp, is

in North Ponil Canyon about 0.2 mile southeast of the confluence of Metcalf and
North Ponil Canyons and about 12.5 miles north-northwest of Cimarron. The camp
is supplied by one drilled well about 36 feet deep, the yield of which is un~

known.

| ("';(é’

'A in the camp area, aniiis reported in the log of the well as being 24 feet thick.

The width-of—the-alluvium in the valley floor is about 300 to 500 feet

gD
North Ponil Creek flows the—greeter-pexrt of each year, providing recharge to the

alluvium. The alluvium should yield adequate water to wells to meet future

‘l' demands.




Cimarroncito Camp.--The Cimarroncito camp is about 8.5 miles west-

southwest of Cimarron, about 6 miles west-northwest of/éamp)ﬂbadquarters, and

about 2 miles east of Cimarroncito Peak. The camp lies in a(E;ibutgfzj;alley)Té

,,af(Cimarroncito Creek, extending from Cimarroncito Creek northward about 1 mile
across a low divide or saddle. The entire camp is supplied by a drilled well
which is about 1.4 miles north-northwest of Cimarroncito Reservoir, about 0.25
mile south of the saddle at the head of the canyon)and about midway between the
dry creek and the road. The well is 76 feet deep and, accordlhg.to reported
d=ba, yields about 12 gpm.

The valley floor is about 100 feet wide near the well, somewhat narrower
than to the north in the saddle or south toward the hunting lodge where the
valley is about 500 and TOO feet widejrespectively. The altitude ranges
from approximately 7,800 feet near the Hunting Lodge to nearly 8,200 feet
in the saddle. The altitude of the well is about 8,000/\feet.

The thickness of the alluvium in the Cimsrroncito area is not definitely
known, siﬁﬁi a log is not available for the Cimarroncito well. However, from
the appearance of the well cuttings remaining on the ground near the well,
it seems possible that the well is bottomed in shale. The thickness of the
alluvium probably differs greatly from place to place in this area. The
alluvium receives recharge from the runoff of infrequent precipitation.

There appear to be several fairly good possible locations for future well
sites in the Cimarroncito area. On the north side of the divide, at least two
possibilities can be considered: one is about 300 to 400 feet southward from
the new shower house, west of the main vehicle trail, and about 80 feet south
of a clump of trees; another is northeast of the new shower house toward the
gorge and the convergence of the two dry creek beds. The area lying several

hundred feet west or west-northwest of the new shower house also holds possi-
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bilities for future development. The meadow lying between the rifle range and
the Hunting Lodge will probably yield water to wells. A well in this location
would reduce the demand on the existing well, whith—eeu;d-iiElenLJuyal_in_suppr

/'4 * LN / f
lying-the-camp area near-the-well. XMW 0 uo A Yhef s 'H'u/ be . -w’:&‘: X
Miner's Park.--The Miner's Park camp site is Leeated_at a small park

or natural clearing north of and topographically above South Forklgiraca
Creek, about 5 miles west-southwest of,z/’ ,Héadqu?ters and samewhat south-
west of a divide between North and South Fork ﬂraee76%eekf The park, which
is s@mﬁ.ﬁﬁn@uw imr-shape, is about 600 feet SR aaaw . KTy
lakejwhich is usually dry, occupies the middle of the park. The proposed
camp area will be along the southern edge of the clearing along the shore of
the usuweddy—dry lake. The campsite is supplied with water from a well near &
dry creek at the southern end of the park. About 160 feet southwestunnq;;fﬁﬁ
the well and along the creek is an old dug well, and about 400 feet farther@f¢0646’
is a small concrete diversion structure, both of which contained water at
the time of the visit.

The present well, which is about 28 feet deep, obtains water from alluvium.
According to the log of the well, a harq)sharp gray sand was encountered «m the
bottom of the well; whether this is bedrock or a sandstone boulder is not known.

The well furnishes at least 20 gpm for short periods, and pumping for 4 hours

and 15 minutes at 20 gpm reportedly lowered the water level 47 inches. Feuws

S48 = i C b ) -
per-boy-per-Aaye. jaf&ﬁm 4v4'f4er%%+G calerduiten,

Future development in the area should be northward from the present well,
preferably along the western edge of the clearing. It would appear that the

lake, which serves as a collection area for runoff, should afford excellent

recharge after periods of precipitation.
-6-




Clark's Fork Camp.--The Clark's Fork area is at the mouth of Clark's

Fork Canyon, a tributary of Cimarroncito Creek, about 5 miles west of /@/a.mp
/ﬁe&dquarters and about 7 miles west-southwest of Cimarron.
Two reportedly dry holes were drilled in the area: one, thought to be

WWVUI’}/V Cady NeLe /, Ao

'1'the o. 1 test, was drilled about 100 feet southwexd /f the shower housejland
the other, the )(o. 2 test, was drilled about 20 feet southeast of the shower
house. The southernmost test hole),nf). 1l, was filled and abandoned, but casing
was left in the so-called No. 2 hole. Its measured depth, which was reported
as 24 feet in the log, is about 49 feet, and the depth to water is 9.7 feet.

. If it is assumed that the log of the well is essentially correct, and that the
depth to bedrock is 24 feet, then there is nearly lh/ feetl of saturated thickness

: W cdll uty
whichv,/coAukaeEEa}P/sf yield a few gallons per minute uitbrehabilitatqﬁef‘tne

‘ we‘ﬂ. It is suggested that the casing be pulledk measured/ and the%% and
ﬁ.ﬁe of the perforations be determined. If the length of perforated casing is
less than 14 feet, more perforations should be made. The casing should then be
replaced in the hole to a depth of 24 to 26 feet and supported from the top by
a casing clamp. Perforation and development procedures as described later

. should be used.

Rayado Pasture.--The Rayado Pasture well is about 4.5 miles southward

from /Camp }feadqua.rters. The "new" well is about 0.3 mile north of the Rayado
Pasture well, and both are 1 mile west of New Mexico State Highway 21. Each
well is reported to yield a maximum of about 1 quart per minute aftér.‘ storage
in the casing is removed.
It appears from the available data, including the driller's log, casing
‘ data, and the reported water-level data, that in the older Rayado well the water

may be partially sealed off by the casing. As suggested in the case of the

| -T=




woll, winlo

Clark's Fork‘xé. 2 test, it might be profiteble to pull the casing, measure
the amount of perforation, and make more perforations if needed. Assuming
from the log that the shale bedrock was encountered at a depth of about 90
feet, aﬁéf%ie depth to water from land surface is abaut 70 fegt perforation
should be made in at least the lowest 20 feet of casing be£e¥éé:e§iaeing 90
Lonpplacst)
feet of casi g The water level should be measured after a period of no pump-
ing to determine the true static water level. If the depth to water is less
than the value previously stated, then more of the casing should be perforated.
The well should be developed as outlined later.

In the case of the "new" well, further development may help to increase
the yield. However, the well is located rather high along the flank of the
valley, and the zone of saturation may not::ufficiently thick to yield adequate
water. There appears little possibility of the water being cased off in this
well, as it is reportedly cased with one length of pipe to a depth of about
20 feet. The static water level is 42.1 feet. If it is considered desirable
to attempt further development of this well, it would be advisable to case it
to a depth of about 60 feet to provide support to the bore wal%; ane least 20
feet of casing should be perforated if this procedure is followed.

Vega..--The vega is part of a pasture area along the east property line
of the ranch, about 3 miles south of Cimarron, 2 miles northeast of gamp
/ﬁeadquarters, and about 1 mile east-northeast of the ranch headquarters. The

rcr :
vega has been irrigated with water obtained from a pit $Hhat—is about 10 feet
/A

N
(u A

was excavated at the west end of a long,

deep and about 40 feet square,

narrow marshy area. The reportedly provides about 150 gpm

for 5 hours and requires about 3 days to recover. The static water level is

near land surface. y
; Py [-’( L/
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It—rs—suggested_that,a pump capable of delivering the desired amount of

(J/;(»/
water be installed at the pit and placed in operation, When the water level
1 'L/v /H{(/Iv.f/l (s w:';"'_‘lfl'/‘

has declined nearly to the bottom of the pit, exeawabe to bedrock. When,and
if, water flows in at a rate equal to or greater than the amount being pumped,
the supply will be adequate. If the yield is not adequate after deepening

the pit, then lengthening the pit southward,éﬁgzié;be of value: Heavy pumping
in the vega area should not influence the wells to the west gn’the Lower

Heck Place.

Suggestions and General Information

Records.~-As a matter of good administration for possible future ref-
erence in questions concerning individual wells and as an aid in determining
future actions for new wells, it is advisable to collect the following data
at the time a well is being drilled’

A set of labeled, unwashed samples of rock encountered, collected at
2{?0 5-foot intervals, is excellent. However, a written log, carefully re-
corded during the time a well is being drilled, can be of great value. The
length and size of casing should be recorded,as well as the amount and type of
perforation,EI0tting, or screen. This information is particularly of value
in the event that a promising uncased wel} becomes inadequate after it is cased
and "finished." The depth to water froé}ignd surface or the top of the casing,
and datg, should be recorded, along with the measgred de th of the well.

yﬂ—iéj //W(// y‘f_. {L[ / m
Drilling reeceommendstions .-

J
reguested—bo-make short runs of 2 to 5 feet and X) bai]/%é—he;be clean at the
end of each run. The hole should be drilled a few feet into bedrock)for two
reasons: to make certain that bedrock has been reached, and to provide a

small bailing pit which is somewhat below the base of the aquifer in order to
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insure a clean hole upon completion of the well and to provide a small cach-

7,

ment for material which may enter the well whermrsed..

P perforations.--Casing is put
2

in a well to support the wall of the drille® hole, or-bexre, and is perforated
to permit the entry of water into the casing. The shape and amount of perfor-
ations used vary greatly with different drillers, andygkggfagigﬁa)on the type
of casing and the nature of the materxial—ef—the aquifer. For the alluvium
encounbered at Philmont Scout Ranch, it appears that slots cut into the casing
about one-sixteenth to one-eighth inch wide, l? inches long, and 2 to 4 inches
apart would be}zﬁzizate. The blank zone”%ét!gg; each line of slots should be
staggered in.éﬁé@eet‘to the blanks of the adjacent lineféf slots which effect-

/

ively increases the amount of perforation without jeopardizing the strength of
5L &

the casing. For 6<Eo 8-inch casing, 8 slots distributed around the circumference

A

should be adequate.
be 3
The linear amount of casing to, perforated should be determined by the f

thickness of the saturated zone. This is determined by measuring the depth ‘Sf

of the well and depth to the nonpumping, or static, water level; their diff-

Mltvmang 80 Lo 4M "U(A/ Wﬂiﬁw M !V%"l&(;,‘.. W
unieﬂﬂ—£gggz—ieduﬁ*ﬁﬁﬁupinmuumum

erence being the thickness of the aqpife{q $

pu—

The distance drilled into bedrock should be subtracted from this value, and

N = ek
that part of the casing which extends intgqbedrock need not be perforate%bqfh

such as the Pier£;i§£§i§1-

development of wells.--Developing a well refers to the

process of removing the fine material such as clay, silt, and fine sand from
the rock'or alluvium immediately outside e# the well casing, whielr—imrturm
permit;tggger to enter the casing more readily. This can be done by surging

and bailing. Surging is a process resulting in a vertical movement of water
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in the upper part of the casing, which in tuin becomes an in-and-out move-
ment in the slotted part of the casing. : helps to remove the finer mater-
ials from the rock or alluvium outside the casing, increases the porosity of
the aquifer adjacent to the casing, and cleans the slots or screen. Surging
should be followed by bailing, which is the removal of fine materials and

water from within the casing. In the event that a driller,does not have a
J wi«( J‘alb de’
surge block, a baller filled with water can be used. Thg surging yeaieé may

range from a few minutes at the start to psebab&ghno%—ever 15 minutes later

g%?hdk4§/ N
in the period of development, the amount of clay and fine

\r (I' v ,,“\’
sand that accumulates inside of the casing. The well should be bailed when ,,,,f/
\V ! 3 / malev\al

the.sle%%ed portion of tbe c351ng is halfnfllied, and-the-hole should-be-bailed

'~me&ean. Surging and bailing should be continued’at least unﬁil the amount of

Ao Swrgwg o Yot
material that enters the casing {5 a-Intmor—amotrt

8 A
,c;m»rma.afuté'[ { dele '4‘5-“4‘4)
In some cases, the addition of ‘cerbeimrchemicais—sueh-as.Lalgon—and-

Ondt
wcltenaawiiiféacilitate the removal of clay from the slots or bore wall., -Cale.

M ,«té{f{u o 5 /gwi,zum M/;MAQ{

hypachlorite added-feor-algae-controdl These chemicals are used in addition to
surging and bailing. The recommended concentration is 15 to 30 pounds of
chemical per hundred gallons of water in the well. The volume of water(-ér
storagey stending in a well is determined by the formula;77r2h divided by 7.5,
where 97 is 3.14%, r is the radius (not dismeter) in feet, h is the height (in
feet) of water standing in well, and the volume is in gallons. The chemical
should remain in the well 24 to 48 hours and should be surged briefly 10 to

12 times during the period. Surging and bailing are then carried on until

development is complete. «

=11~




The treatment should be repeated once, but if results warrant further repet-

ition, there may be as many as 5 or 6 treatments. It should be understood

that chemical treatment is not a cure-all for weak wells and should follow a
preliminary period of development. Whether chemical treatment will improve
yields of the wells drilled in the area is not known and if tried should be
considered as an experiment.

Development with or without chemicéls can be considered complete when the
water bailed from the well is clear, little or no silt or sand is present, and
the yield does not increase appreciably with continued development. In the
event that the yield of a well is apparently inadequate, development should be
continued at least 4 hours before abandoning the site.

Sanitation.--The top of the casing of each well should be sufficiently
high abovg\iand surface to prevent entryd floéa“;ater. At ground level, an
adequate concrete slab should be poured to prevent runoff water and small
animals from entering the hole outsidewsf the casing and—peliuting-the—weTl.
After finishing a well, but prior to installing a pump, some provision for
ingserting a tape to make water-level measurements should be made. One possi-
bility is to drill and tap a half-inch hole in either the casing or the casing

cover and seal the hole with a threaded plug. Another equally good method is
to weld or thread a %— to l%—inch diameter threaded and capped nipple into a

hole in the casing or well cover. The top of the casing under the pump should

be covered tightly

in-by-eurtous—bvoys.
v)’WZ) 4 /
Pumping tests andmprotegsPe .--A pumping test égguakiy—dzzu:s_ia two part§)

a
drawdown and recovery. Suchqtest can provide data which will determine what the

pumping level for a given yield will be, what the spacing between wells should
LAV

be, and what the speeific-capacity.or.total yield of that well will be. #Ad&a,

;;Immwing test is |not only/a maffer\of etermining the amount of drawdown after

a specific period of pumping, but dt—is-—alse-fer determining the rate at which

drawdown occurs and, upon cessation of pumping, the rate of recovery.
1.8
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Pumping tests should be run at least 8 hours)and preferably longer, $f:
Fa

Ao idd
pessikie. The rate of pumping Tust—be kept constant ab~e££—timea,\and should

not be great enough to draw the water level down to the pump intake. As an
example, if a test were to be made on the Cimarroncito well, which wii: re-
portedl&;pfpduce 12 gpm but not 15, the pumping rate should probably be 8 or
10 gpm with the pump intakéjclose to the bottom of the well. Discharged water

should be led away from the well so that local immediate recharge cannot occur.

A pa&&&&aé?

Ehehschedule of measurements is as follows: ’pake several measurements over a

period of several hours before the test starts, noting the time and gedbimg one

Lot
last measurement immediately prier—¥e starting the pump. For the first 10 min-~

J

Ud+é M—/ 4
utes of the test, measurements should be made as as poss-

ible, recording the measurements and the time, preferably in minutes from the
start of the test. A suggested schedule of measurements to be used for both

the pumping test and period of recovery follows:

Time in minutes from start Frequency of measurements
0-10 As many as possible
10-3%0 Once per minute
30-60 Once every 2 minutes
60-90 (1-1% hours) Once every 3 minutes
90-120 (1% - 2 hours) Once every 5 minutes
120-180 (2 - 3 hours) Every 10 minutes
180-240 (3 =~ 4 hours) Every 20 minutes
240-300 (4 - 5 hours) Every 30 minutes
300 - End of test Every hour

Wapon 17 bl oy _
Immediately before cessitnxLiﬁ;pumping, two or three:f:nai measuremgnts

waty bud is
should be made. As soon as the pump is shut off, tﬁgﬂmtm

ANV wid Auumm e fervins,
n the same schedule as usedAFefere.
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Analyses by Geological Survey, United States Department of the Interior
(parts per million)

36631
Maxwell Grant No. 59 42
Analysis No. 38 L7
Date of collection............ voe p/31/46 |5/31/46
Bilica B10,) (47 iwisn i P TIE i >
Iron (Fe), dlssolved PR £ »
Iron (Fe), total, o el vass wdnd
Manganese (Mn), dissolved 1/
Manganese (Mn), total ...... R
Calcium (Ca)...... A e s o L 142
Magnesium (Mg) . .vevvvnvnnennn. 215 3k
Sodium (Na) e evvveensnns RERRRER |
Potassium (K) e.ovuvunn AR 489 ce
Bicarbonate (HCOy) .....uvvesaws | 212 | 215
Carbonate (CO,) «isvessssvseosns
Sulfate (SO‘)QI.l........l.!.ll‘. 2)050 5L}.2
ChloridBION. . . 'L . (St eiaatics 16 7.5
Fluoride(F‘)Cl.'..l.'l..l."ll.. .5 .O
Nitrate(Nos) I S S SR T I R "/'6.2 O
Borate (BO3) - R
Dissolved solids
Sumao---o-o-.-..o..--a.nuno 5)250 655
Residue on evaporation
at180°Clill.......l.ll.0.
HardneSS as CaCOacolooooolnocl l,)'l'9o 949
No,:\carbonate DR R S R RN i 1}070 318
Specific conductance
(micromhos at 25°C) v.ivuu... | 305 90.2
pHl....C.l....'..l.l..l.l...ll o w7
L 37e] o) RN LA Y R WA G AL L
Percent sodium 4o 9
1/In solution at time of analysis.
Well 59 Water-bearing formation: Pierre shale. Source of sample: Well of

Philmont Scout Ranch, about 5 miles south-southwest of ranch head-
quarters and & miles southwest of Cimar
W L5 lk#below top of casing. [51. 9 elow land surface]? May 31,

1946, ‘
Well 42 Water-bearing formation:

Quaternary alluvium.
of Philmont Scout Ranch, about 1 mile west of

% miles southwest of Cimarron.

feet below land surface.

Temp .=52° .

Temp.=55°F, (T. D=119 feet.
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