SURFACE WATER AVAILABILITY AND QUALITY CHARACTERISTICS
IN THE PECOS RIVER BASIN IN NEW MEXICO

_Wilbur L. Hecklerl/

INTRODUCTION

The availability and quality of the surface waters of the Pecos
River are diverse and complex. The availability of the surface water
is here considered by sources, magnitude, distribution, variability,
channel gains and losses, floods, and depletions.

The quality characteristics are considered under constituents
and concentrations of dissolved solids and sediment loads.

Surface water characteristics are intimately related to the
climate, physiography, and geology of the basin; other papers given
at this conference discuss these subjects in detail.

Collection of streamflow records in the Pecos River Basin in
New Mexico began about 1903 and sampling for quality of water about
1937. Presently, the Geological Survey operates 36 gaging stations
in the basin, 16 of which are on the main stem of the Pecos River.
Chemical quality data are collected at 7 regular surface-water sta-
tions, and suspended-sediment data are collected at 2 of the main
stem stations.

DESCRIPTION OF BASIN

The Pecos River Basin in New Mexico may be conveniently divided
into an upper basin extending from its headwaters in the Sangre de
Cristo Range to Alamogordo Reservoir and a lower basin extending from
Alamogordo Reservoir to the Texas state line. Altitudes in the upper
basin range from 13,102 on South Truchas Peak to 4,200 feet at Alamo-
gordo Dam. The Gallinas River also originates in the Sangre de Cristo
Range northwest of Las Vegas and is the principal tributary of the
Pecos River in the upper basin. The approximate contributing drainage
of the basin above Alamogordo Dam is 4,390 square miles.

The lower basin is bounded on the west by several ranges of
mountains and by the Mescalero Ridge on the east. Altitudes range
from 12,003 feet on Sierra Blanca Peak to 2,840 feet at the head of
Red Bluff Reservoir.

1/ District Engineer, Surface Water Branch, U. S. Geological Survey,
Santa Fe, New Mexico
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The principal tributaries in the lower basin drain the eastern
slopes of the mountains and are the Rio Hondo, Rio Felix, Cottonwood
Creek, Black River, and others. Few tributaries from the east have
well-defined channels; the two most important are Taiban Creek in
the northern part and Long Arroyo in the central part. Approximate
contributing drainage area of lower basin of the Pecos River above
the Texas state line is 15,600 square miles. See table 1.

Thus, the approximate total contributing drainage area of the

Pecos River in New Mexico is 20,000 square miles.

SURFACE WATER AVAILABILITY
SOURCE AND MAGNITUDE

Melting snow is a source of considerable surface flow in the
upper basin.’ Both the main stem of the Pecos River and the Gallinas
River drain the southern part of the Sangre de Cristo Mountains where
the snow pack accumulates. Summer runoff results primarily from
flash floods caused by localized thunderstorms in the plains and foot-
hills. However, occasional storms originating in the Gulf of Mexico
contribute heavily to runoff.

In the lower basin, some flow comes from snowmelt in the higher
western mountains, but the principal contribution to surface runoff
is from summer thunderstorms. Intense, general Gulf storms also at
times substantially augment surface flow.

Generally the availability of surface water in both the upper
and lower basins is affected significantly by losses to and gains from
ground water.

Precipitation, the only source of water to the Pecos River basin
averages more than 14 inches of water per year, and is equivalent to
more than 15,000,000 acre-feet. Figure 1 shows by width of line and
isopleths of runoff the portion of the precipitation that actually
reaches the drainage channels in the basin. The remainder is lost
through evapotranspiration or recharges the ground water reservoirs.
Available records indicate that unit runoff is strongly influenced by
topography; values on figure 1 range from 0.l inch in the plains to
20 inches in the Sangre de Cristo Mountains. Construction of such a
runoff map suffers from lack of defining data. It indicates only in
a general way the occurrence of runoff in the basin.

The width of line on figure 1 shows how the average annual dis-
charge for the period of record varies from station to station. Var-
iation in the width of line reflects the interwoven influence of
several factors: tributary inflow, interchange with ground water,
evapotranspiration losses, diversions, and return flow. At the
measuring points on the main stem, the average annual discharge ranges
from 71,000 acre-feet at Pecos to 238,000 acre-feet near Artesia.
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Table 1 --Summary of gaging station records in Pecos River Basin
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For some purposes, the median flow gives a more realistic
‘picture of surface water availability, particularly when storage
is not adequate to conserve the surpluses of years of high runoff.
For the period 1930-60, the difference between average and median
flow for eight selected main stem stations on the Pecos River is
highly variable. (See Table 2)

Table 2-Average and Median of Yearly Runoff in Acre-Feet 1930-60
For Selected Stations on Pecos River in New Mexico

Difference
Gaging Station Average Median between average
and median

Pecos River near Pecos 71,340 65,980 5,360
Pecos River near Anton Chico 96,780 80,280 16,500
Pecos River at Santa Rosa 103,600 65,990 : 37,610
Pecos River below Alamo- 166,400 129,900 36,500
gordo Dam2

Pecos River near Artesia 237,500 183,000 54,500
Pecos River at Carlsbad 153,200 73,800 79,400
Pecos River near Malaga 188,700 96,360 92,340
Pecos River at Red Bluffl/ 180,900 - --

a/ Adjusted for annual changes in storage in reservoir.

b/ For 23 year period 1937 - 60.

This tabulation shows that the difference between the average
and the median values becomes progressively wider proceeding from
the upper to the lower end of the basin. At Pecos, average exceeds
median flow by only eight percent, but at Carlsbad average flow is
larger by 108 percent. The extremely high runoff that occurred in
1941 and 1942 mostly accounts for the difference, and apparently a
greater part of this flow originated in the lower basin.
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DISTRIBUTTON

Seasonal distribution of flow in the basin exhibits patterns
attributed to climate, topography, and regulation. Figure 2 shows
bargraphs of average monthly discharge for period 1905-53 plotted
for selected stations. 1In the upper basin, snow melts account for
60 percent of the annual runoff occurring in the 3-month period
April through June. Proceeding downstream, the increasing effect
of summer storms is shown in the graphs. At Puerto de Luna, inflow
station to Alamogordo Reservoir, 66 percent of the annual flow
occurs in the 5-month period May through September, and the month
of maximum flow shifts from May to September.

Below Alamogordo Reservoir, the distribution patterns on the
main stem of the Pecos River reflect the influence of regulation.
About 75 percent of the annual discharge occurs during the irrigation
season whicH coincides with the summer flood period. Summer flow
also is dominant in the tributary streams of the lower basin even
though not influenced by regulation. On Rio Hondo and Rio Felix,
virtually all the runoff occurs in the period April through September
and 30 percent of that occurs in September alone.

Annual distribution of flow is shown in figure 3 for two repre-
sentative stations. At Anton Chico in the upper basin, annual flow
for the period 1911-63 ranged from a minimum of 19,570 acre-feet in
1934 to a maximum of 354,400 acre-feet in 1941. At Artesia in the
lower basin, during period 1905-63, the range is from 74,180 acre-
feet in 1954 to 997,600 in 1941. These graphs show a distinct down-
ward trend in flow which will be discussed under Depletions.

VARTABILITY

Natural streamflow variability results from variation in pre-
cipitation in turn modified by basin characteristics, primarily
geology. Natural variation in flow may be altered by regulation
and diversions as in the lower basin of the Pecos River. Flow-
duration curves depict flow variability by showing percent of time
specified discharges were equalled or exceeded in a given period.
Figure 4 shows flow-duration curves plotted for stations on the
Pecos River near Pecos, near Puerto de Luna, and near Artesia.

- Effect of substantial storage in and contribution from ground
water storage is shown in the curve for the station at Pecos by
the relatively flat slope reflecting the reduced range in flow.
Storage of precipitation in mountain snow packs also influences
the slope in the upper reaches of the curve.

At Puerto de Luna, the flat slope of the curve below 150 cfs
reflects the heavy ground water contribution. Above 150 cfs, the
steeper slope reflects the influence of flash runoff from summer
storms.
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At Artesia two curves are shown, one for the unregulated period
prior to 1937 and one for the regulated period 1937-59. The curve for
the regulated period is the steeper and reflects the influence of the
high years 1937, 1941, and 1942, the large number of drought years
since 1943, and increased depletions throughout the period. It has
only been since 1945 that the river has dried up at times at Artesia.

CHANNEL. GAINS AND LOSSES

Gains to and losses from the main stem of the Pecos River have
been intensively studied since 1953 by seepage investigations in the
reach from Anton Chico to the state line. These investigations have
delineated subreaches which generally show losses or gains. The reach
between Anton Chico and Colonias shows losses of as much as 150 cfs
as indicateq¢ by the width of line on figure 1. Below Colonias, flow
begins to be augmented by ground water contribution and evidently most
of the losses are recovered above Puerto de Luna. Between Alamogordo
Dam and Acme large losses generally occur during the summer and are
greatest in the vicinity of Yeso Arroyo. Between Acme and Artesia
gains are general throughout most of the reach. Seven seepage investi-
gations between 1958 and 1963 show an average gain at low flow of 55 cfs.

Between Artesia and Carlsbad, Lakes McMillan and Avalon store
water for irrigation. Lake McMillan has leaked practically from the
time it was constructed, and that leakage has been known to approach
200 cfs. However, most of it is recovered about 4 miles below the
dam through Major Johmson springs in the river channel. There is some
seepage from Lake Avalon which is partially recovered at Carlsbad Springs.

FLOODS

The Pecos River Basin has produced many of the outstanding floods
in New Mexico. Flood-frequency studies by Patterson (1963) indicate
that the area of highest flood potential in the state is the eastern
slopes of the Guadalupe Mountains in the extreme southwestern part of
the basin. It was in this area on September 20, 1941 that the out-
standing flood of record in the basin occurred in Dark Canyon at Carlsbad.
The peak discharge of this flood was estimated as 100,000 cfs and has
a Jarvis-Meyer's rating of 47.5 percent or 4,750 A. Only one other
known flood in New Mexico exceeds this rating, and it occurred on a
drainage area only about one-hundredth the size of that for Dark Canyon.

On the main stem, the maximum known discharge of 90,000 cfs occurred
October 2, 1904 at Carlsbad, and may have been augmented somewhat by the
failure of Avalon Dam. Magnitude and frequency of floods on the main
stem analyzed by Patterson (1963) from Anton Chico to the state line are
shown in figure 5. Available data do not permit reliable definition of
frequencies beyond 50 years. The figure indicates the magnitude of a
50~year flood at Carlsbad to be 85,000 cfs.

54—



o SAMWAILDE N gm0 T
Cbt iaom DOT 600’1 OUF 0y DOF 00T 001 08 Q044 01 GE T L4 4% ¥ B2 LI SR
L3t 1 P o S T A i ™t [ K
“ N b M#- b i Pl il W
| /o/ \ plbe [ bt ' # ' 3
} t | J : R i : i 1. T -
= —— e . g | i H : : . =
LT _ {2} 3 ; 17 it [ ! 1 f T N
4 i N4 I ] ' . { ®
{ ; i ! &
r /:_/ 3 3 Q ¥ L. |4r. N _ T ! , by
. : B 1 ! =)
P S BN o | - S, E
H . ' P Q H ¥ T i
S e e T T :
[l SR T S - . - RPN iy S - .
E RIS am}rf.._ T v Py i _W.....Uv H. a
H s ow - i L \-’: M - l’A L — L
e i..H.!:..:,. OO :m .r..:.,..l:”./w - N W - w. T = .m
v - P R
I ;L ot P ™ L 1 ]
MW i /I/mu_//u SRS : .; ; - g
' { . i ' ' o
it | “ ././. ~ g [ o H
T b ™ 3 ﬁ @ 3 i 7 —1 o.
ol y 1 R i NP
. ./4/:! 3 Ll 4 P I 1
i )//l o] N T T k] 2
X H ™ — v b -
R [ B T . et
: ! A «ﬁ/// g b e g
\ ~ %\/..v\..s/v ?. i ] ] o
: <3 R TR L, e — T g
1 170r * 8 ot
- 1 - MR - iy i, MR S | A
i [ t !
[ . . 1 -
i o R i H i ' o
! RUPHL RV LR SRR S B v ' w H
.- 1 ! L .
P wrivg, ey raway ¢ ! : 000°2 eg
e 5
i <
- YT | 000°E O
AR et
i \ ©
I H : 0005
-3 4 e e — - 3 ]
i L : I b
T 13 I y 1 O
R s ok ; H
'
" . ; T ; T _ | N -
‘ H M i -
. 1 1 K =
. Cagy AT RBMR oo LT | .Fm | 2 w = k3
Z s e . e e - : =3
. : FIUTR P cmpm et e T T M T T T TR — =0 — @ =
m 1 i | mwe.m:.zt”!”sfﬂ..w\n. SL ke S e e : g2 =
o f ; S I - . N { o F Iz
2 R T Y § 63 R e S p—-t 4 - E
. ' ! T H < ==
= . i A \\ 5 &7
- L LA ,\ o & z:z
v i ’ : A - il
£ ; 1 3N = v
“ ! ! wigeqay — <4 QI— D~ F ~f— — — — =~ — — Q= © 3
- i m i t i ! ) TG
. NRANE i < g 2F
2 : 1 T i 2 Ty
o ; m. iyt iy ! i g
= : C i i 1 g 2
= . T R W PR i o=
L sl i ; - 7l
s ! [ pA nT
e co RS} @ | - A T2
-9 i . ° f“ | wt -
] bo) W : =] - -
Lowl | % - 4 - Eo "
1) ") ! M 1 1 u T
.U - (4 Z t . & =
o $ & < ' < P
& A = " { ®] B
2 ol — e v =
2 ! n - | 1 ' | £ T °
[ ! . 3 | P E o4&
[ N i i ‘ M r
b4 » . N i - .
§ _ __ ° & 4
. [A - -
> , < B
] i ‘ £ "
G l . m e £ =1
3 wan op 033904 P t S SR
] { 1 -
ty ot ./ R
- weoy wauwg - — Q-G — -t — ! \ & -
" — -
8 . U/ RN | e 23
-] ARRENE SNENN N 1ts q
2 0314y wouy + —o—g— = O — = — — - PN— SE
2 _ p
3 gl o o =
g 3 Dooo o O O (=) =) o @M © N & ™M =
g m SRr®M D T @ ~ - c
m el ~ bt -
.
L ANDJ3S ¥3d 1234 214N 40 SANVSAOHL NI ‘ZOYVHDSIA -

sin in New Mexico in relation Lo arainage

2 -Myers ratings of 10, 20, and 40 pev ceat.

*igure 6.--Flood discharges in Pecos River Ba

cot e

Enveloping curves are for Jarvis

area.



Figure 6 is a plotting of drainage area versus unit discharge
for the more outstanding floods of record in the basin, including
those occurring at crest-stage and ungaged sites. It is noted
that many of these floods exceed a 10 percent Jarvis-Meyer's rating
or 1,000 A. 7

Table 1 lists maximum discharge for the period of record at
regular gaging stations in the basin and gives the Jarvis-Meyer's
rating for each peak.

DEPLETIONS

Distribution of amnual flow of the Pecos River for the period
of record indicates a progressive diminution in flow which is especially
marked in the lower basin. Thomas (1963) analyzed the factors asso-
ciated with 'the depletion and concluded that drought, phreatophyte in-
festation, and ground-water development are jointly responsible for the
reduction. Those who are interested in greater detail are referred to
the original report, Geological Survey Water-Supply Paper 1619-G,
""Causes of Depletion of the Pecos River in New Mexico".

QUALITY CHARACTERISTICSZ/
METHOD AND SAMPLING SITES

Both the chemical quality and the suspended sediment carried by
the water vary widely from the headwaters to Red Bluff Reservoir. For
purposes of describing the quality of water in the Pecos River Basin in
New Mexico the river has been subdivided into three principal reaches:
the upper reach coincides with the upper basin above Alamogordo Dam,
the middle reach is that part between Alamogordo and McMillan Dams, and
the lower reach that part between McMillan Dam and Red Bluff Reservoir.

The Geological Survey collects samples daily at seven stations
along the main stem and determines the general chemical characteristics
at each by analyzing samples that have been composited by a standard
technique. Daily samples are also collected for suspended sediment
determinations at Santa Rosa in the upper reach and near Artesia in
the middle reach. Prior to October 1958 Puerto de Luna was the sampling
point in the upper basin. No sediment data are collected in the lower
reach because problems related to sediment there are not significant at

this time.

The weighted average complete analyses for chemical quality 1955-64
for the seven river stations in New Mexico and one in Texas, below Red
Bluff Reservoir, are presented in tables 3-10. The maximum and minimum
daily concentrations in ppm (parts per million) and load extremes in
tons per day for both chemical and sediment quality for period of record
are presented in table 11.

a/ This portion prepared with the assistance of Harry E. Koester, Chemist,
Quality of Water Branch, U. S. Geological Survey.
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1963 ez.,;g 15 385 1 k6 6 120 1,040 81 .2 1,700 | 2.31 a1z [3,150(2,050] .8] 2,050 7.5 | 295,700
T -
1964 ﬁe,ésg.s 35 bso |55 &L 127 1,20 105 1k 2,020 | 2.75 638 {1,330 [1,250 { x.0] 2,350 |7.6 | 233,800
Table k,.B-3850. PECOS RIVER HEAR ACME, N, MEY.
snnual veiphted aversges of chemical analyses, in parts per million, 1955-1964 water years 3ecrp
DHesolved solids Rardneaa Speclfid
Bi- as CaCO, | So- con- 1
Mag- Po- Car- divm
Mean Cal- car~ Fluo Ni- | Bo- duct- al
Hater digcharge [SUC®| Iron {0\ | ne- | Sodlum | tas-| - | bon- | Sulfate [ Chloride ride [trate | ron | Tons Cal-{ oone | 3= ance | pR -‘«;::d
yeer (S10,)| (Fe) slum | (Na} [slum ate | (S0,) [(3})] arts Tona clum, lsorp-
{cis) {Ca) ate (F) [{(NOY! (B) per care {micro- (tons)
(Mg) {K) (coy per per Mag- tion
Total (HCO,) million | ACTe- day ne. | DOm= | o [hos at
discharge foot stum | 2t ratlo) 2500y
1955 me,ozfg . 327 - - - — - - 1,660 | 2.26 - - =1 -=| 2,13} 7.5| 484,300
1956 1.9;;2 7 ho2 75 129 127 1,160 195 1.9 2,060 | 2,77 815 1,310{ 1,200 | 1.6 2,530 7.5 {27,200
5
1957 o ;;‘z 1 206 S 89 136 841 27 1.3 1,580 [ 2.01 595 960f Big| 1.2| 1,950 (7.5 | 161,00
s
1958 101";32 16 23k 31 126 s 617 159 1.2 1,260 | 1.7 930 712} 5929 2.1] 1,69 | 7.5 | 363,000
’
1959 sé'gg 19 31 50 155 127 889 204 1.6 1,690 | 2.30 721 82| @878} 2.2} 2,210 1.8 | 256,400
1960 gz,gz 18 380 b2 161 ns 1,060 213 1.6 1,930 | 2.62 1,30 1,120] 1,020 2,1| 2,530 ]7.7 482,100
208
1961 e 7| . 362 sk 165 116 1,030 229 1.3 1,950 | 2,65 1,200 1,120} 1,030 2.1| 2,460 f7.7 {391,300
1962 % igl 20 351 48 1ns 136 95b 19 1.3 L,700 [ 2.3) 769 1,0700 91| 1.5| 2,170 {7.8 | 265,400
td
0
1963 _5_9.,;‘;_ 16 s ] s6 ] 1z 120 1,070 156 8 1,860 | 2.53 B {1,260]1,060] 2.6| 2,200 {7.5 [ 300,600
1964 26 a?-,f,—'ﬁ- 17 502 7 158 122 1,470 22y .4 2,500 | 3,50 503 1,570 [ 1,570 | LT 2,93 [7.6 | 160,300
»
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Table 5.--8-3965. PECOS RIVER NEAR ARTESIA, N, MEX.
Annual veighted gve: 8 of chemical amlvaco,ripam T million, l%s-lﬁmuu dpars
IXssolved solids Hardness Specifid
Bi- as CaCO, | Sp-
Veter Mean loieal tron | S2- [ MR8 [ oo- | car. [Car- suitate | ¢ Fivo{ N1~ | Bo- dium| GO pr—
year digcharge SN of letum | Re- tum | bon. | bon- ate | Chloride ride [trate | ron Tons Cal- Non- | 34- ance [ pH | loasd
' (S10,)| (Fe) c siura | (Na) {stum ate { (SO} {cny Parta Tons clum, sorp- P
(cta) (Ca) ate (P} [(NOy] (B) per car~ TP (yirrg. (tons )
Total (Mg} (K) (BCO,)| (€O per . per Mag-t P20 Ttton
el o million e day ne- - |ratio mhos at
charge foat i ate 25°C)
inm
[
1955 Mt # 1| & @ w2 1,10 s62 - 35801 352 3,090 | 1,280] 1,260( W4 3,450 7.5 1,227,000
182
19% %5610 ] 18 U8t 19 | w6 139 1,850 120 - %20 bA7l 1,620 | 1,630| 13,5200 5.0 4,370{7.5] 590,500
125
1957 5,755 20 405 % hoy 152 1,220 6% - 2,840 | 3.86 958 Lhoo( 21,2101 k7| 3,790 )7.5| 341,600
316
1958 133,500 19 313 51 ez 1y 864 318 2.2 1,860 | 2,53 1,590 90| 868[ 3.1} 2,500 (7.7} 578,400
7%
1959 3,510 29 3% 91 397 Thy 1,200 602 3.0 2,780 | 3.78 1,310 1,350{ 1,240} L.7) 3,760 [ 7.7{ 75,900
1960 5 ;;Z 19 B9 0 332 128 1,270 gl 2.6 2,70 | 3,67 1,080 14101 1,300 | 3.8 3,500)7.7 679,000
’
227
1961 ¥ ] 19 My |92 31 150 1,300 589 3.1 2900} 3.9 1,70 k90 {1,370| k2| 5,880 |7.7] 646,600
176.
1962 g.,:.;g > 17 i B 156 1,190 513 2.3 2620 | 3.561 1,250 [1,360|1,230] 35| 3,500 |7.5] 55,000
1963 -—smlné—sr_ e 459 91 3T 143 1,360 576 1.2 2,960 | 8.03f - 1,33 1,520 11,6001 4.2] 3,900 [1.5 488,000
64.8
196 T A7 sh3 | 1z 553 w7 1,650 8sh 3.0 3,810 5.18 2 11,860 f1,7u0 5.5| 5,030 [7.5 | 243,700
i Table 6.--8-4050. PECOS RIVER AT CAALSBAD, N. MEX.
Amual velghted averages of chemjcal M&m r aflldon, 1955-1964 water years s
Dissolved solids Hardness
Specifi
Bi- Car as Caco, dfo- con-
. | Mag- Po- - - J Nte " um
Vater d:l::m ilica) Iron g::n ne- | Sodlum | tas- ::l:— bon-| Sullate | Chloride T}‘:!: L!r‘:!e :n Tons Cal- {yon. | 2d- :unc‘::l- R
year (sio)} (Fe) sium | (N2) |stum ate | (S0,) cn Parts Tons | clum, korp- ¢ (PR | losd
{cfs) (Ca) (Mg ® ate {coy {F) j(NO)| (B) per per per Mag-| car- " micro- {tons)
Totol (HCO,) acre- day ne- | bon- rat;ro mhos at
alscharge foot stum | 3t 25°C)
a 1955 5 ﬁ - -~ - - -- - - - P 1,210 [b 1.65 -~ = -] =] nL70|[7.7|ve92,200
,
.1 .
1956 ,&,033 7 %] & 24 I 1,090 01 2.1 2,210 | 3.10 575 | L,2701,1601 3.0f 3,00 (7.7 209,600
G
1957 ) ;?; 20 33 | 16 312 169 1,120 s10 2.2 2,510 | 3. 173 1,350 1,210] 3.7| 3,460 7.8 63,200
>
1958 M'ifg 21 329 7 257 151 992 382 1.5 2,130 | 2.90 661 1,15011,010] 3.3] 2,880 (7.6 2u2,500
2990
1959 = 512'9 19 36 | e | a7 168 2,230 525 2.6 2,700 | 3.67 551 [ 2,407 3,270( w0 3,580 |7.7] 193,600
X
1960 ?3—9 16 370 6k 205 1ou 1,050 308 2.5 2,080 | 2.83 Lo 1,190 1,080} 2.6} 2,750 [7.6 184,100
ﬁglé
1961 1?'1 6 w3 |13 388 153 1,38 621 2.9 3,000 { k.13 588 1,580 | v, W01 4,31 4,000 {7.7 | 214,300
EE} I
1962 _ﬁ'f’_gi 20 %6 | 106 B 187 1,220 50 b7 2,530 | 3.44 1o 1,350 2,200 3.7) 3,470 7.5 [ 62,130
,
1963 5 ,fi" 17 M9 %66 m o A26 3.4 2,180 | 2.9 150 |1,170f1,0% | 3.4 3,010 (7.6 [ Sb,700
’
1964 eeég.g 19 %21 us | =g 188 1,150 514 bh 2570 1 3.50 126 | LofL250] 37| 3,550 7.6 | 46,300
1859,

8 Yeighted averages not computed beceuse
b Fstimated on the basis that PPm D.S,

period of missing record represents 55.4%

equals specific conductance (microzhos) times 0.70.

of runoff (15 duys of high flow in October }.
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WILAGE, 11, UER.

“

- SO & S n M on, 3955-1250 vater yearc _ -
i | i i ; Disssived golins Herdness | ooogend
! l H as CaCQ, - cone
LI ! Poomy | Maz-y . Pooo " . dium ey
cater & o lSllic.’.i ron i";::’ | %2 ot | 1o Kol Kool IR D i Cal- | oo togo | et
5 soFey | i arte | FOF s : b &
vear . (SI0,3 Fa: | { ol (6 ’r.r‘ er E\L chl(E':-' car- sﬁ;; rovicroe
: ! T yres yere- T =571 bon- { M9 Hihos a”
wilion | Ay ne- | e jreiteaeeey :
“ sium =¥ t
g 0.6 vew] 228 nmo |68l | 3| 2,330)7.6] @i
3.9 5400 0 475 1,05 | 1,640] 1,520( 6.cl ¥,780] 7.7 153,200
- L8060 | £.5% 555 1,800} 1,660f 10 7,020
- 3,240 Y 1,130 1,bo0| 1,280| 6.5) b.cke
55 3,950 | «5.37] 2,27 | 1,600 L570] 7] e
'; 6.0 3,640 { k.95 1,090 1,530] 1,410} 7.23 5,077
6.7 N, T80 | 6.50 1,220 | 1,970] 3,8%0| 8.4] 6,726 | 7.7 | k55,0
9.1 5,55C 1 T.5% 691 2,120 1,990 10 T7,91u 1 7.5 1 252, 3¢
2,610 1,560 L% 4,580 | 6.6h 619 | 1,810} 1,780 9.8| 7,%0]|7.3] 225,950
1,870 2,010 5.2 6,001 8.16 Lo7 {2,340 2,000] 22 6,570 § 7.6 § 146, 7
Table B,--8-UC7G, TECS RIVER AT PIERCE CANYON CROSSING, NEAX MALAGA, M. MEX.
Arnual weighted "wuraeG of chenical gnalyses, in parts per mill: 1964 water years s9eay
Dissoived :clids Rasdness | too 0]
Bi- 3 . con-
Mag- Po~ Car- "
Mean Cai- ; car- Fluo4 Wi- | Bo- duct- "
Water dtscharge Alical Irom | oo | Be- Sodlu\r:_‘ as-| oo {bon-] Sulfate Chtoride | 4o |scate | ron porty | ToRO o ance | pA Mlxgnl
year SHO,)] (Fe) stum {Na} jsium ate | (90,.) {c1) F) Invoy| (8) arty " ns miore.
(cts) (Ca) ate (F) UNOy) or ar r ¢ micro: (tons)
(Mg) (K} {HCO,} (coy P acre- pe | Gaoe MRS rmhos at
Total b mbtbon | S day ne- | e (Tt ogen
d1scharge ) 1
1955 101322; 15 243 68 A 122 725 3 5.4 2,280 { 3.10 3,330 7.7| £55.500
R .
1956 e we | me | 1,00 15 Liso | 2,150 - 4,920 | 6651 093 1.7 1556,%
2 3
1957 221 18 s | 195 | 270 164 1,660 | 3,110 - 8,000 10-9'L 10,760 § 7.7 | 355,k
s
¥
1958 ],5222 17 397 | 122 | 1,000 ws 1,310 1,550 - B,u70 | 6,085 6,560 | 7.7 | 544,800
5
1959 ) i;g 2 51| asé | 1,260 118 1,500 1,970 - 5,480 | 7.5 1625 Loy ,6033 | 7,910 17.6 | 992,500
ta
1560 e 8 ¥ | 153 | 1,10 1% Lo | 1,800 - s,n0 | 6810 3,0 | L6k0] 155002 | 7,00 1.6 |5,k
i 2 - )
1981 37 égs‘ 18 53 | 3@ § 1,50 168 1,790 2,310 6.7 6,390 | 8.69 1,750t 2,010} 1,9% | 14 9,310 7;;,;53,;;;.
’ - -~
1962 18 Tz;'h 16 550 | 222 | 2,200 149 1,960 3,500 6.6 8,530 [ 116 1,18 §2,200] 2,060} 20 | 12,700 [ 7.3 431,50
. i o
1963 15,;23'3 15 505 | 215 | 2,000 156 1,860 3,240 R 7,980 | 10,9 yeen 12,50 2010019 12,000 | 7.7 396,03
- - - 1
1964 jgf " sb7 | 233 | 2,200 169 2,040 3,480 . 38 8,600 | 1.7 05 | 2,500 )280] 20 [az80 05 e
b ol . 1 -—
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Ancusl welghted averages a7 shemizal enalyses, {n parts per ={llion,

Table 9.--5-L375. PECOS RIVER AT RED BLUFF, S, MEX.

1355-1764 vater years

I
J o Diesclved solids Hardness VS]: o
™ P Bi- | 28 CaCO, | So- [FP2%
Mesn E Cal- | Mee- O 1 eap. |Car- : [Fluod Ni- | Bo- diumi e
Vater ilical Iron ne- | Sodium | tas- . | boo- | Sulfate | Chloride Cal- ad- = Ancoal
rear aschAEs i) (Fe) ot atum | (Na) [sturn| P | aea (90 | (cy |Tlejtrateiroa } L lTons | L o clum,| Non= LU | ance | gt | 4708
(cts) (Ca) ate (7} |(Noy| (B) per car- entero-
(Mg) (K) {coy N per per Mag- Hon (tons)
Total (HCO,X . i Acre- day . ne- | bom= prhos at
Dtxcharge foot otum| Me |0} 25°0)
2955 e 13 5] | 56 13 M0 88 - a6p | 358 2,00 | 96 el i | 5660] 7.9 | 157,000
1356 i) g" 16 1831 11| 1,57 138 1,700  2,b90 - 6,520 | 8.87 1,5%0 | 1,390 1,820( 15 | 5,599 7.5 606,201
5.4 N
1357 it | o { 200 | 2,070 13 - 3,260 == 8,050 | 10.9 1,020 {1,920f 1,806} 21 | 13,40 7.5 | 363,500
2 2 .
¥ 5 e - Sl 1%6 =1 sk - L0 6k 1,700 | L0l 13200 1 | 6,m5(7.5] 617,700
1957 ‘015-2% - 1 856 | 19 | 1,280 122 -~} 2,02 - 5,760 | 7.83 LT | 1,750f 1,650( 13 | 8,050 7.5 | 431,00
2
1953 hz,nmf - w5 | 10 | 1,23 130! ~| 1,90 - s 1 T3l 4,70 | 1,621,500 13 | 7,680 7.5 | 695,55
1362 5.,;2; - 526§ 1M | 1,480 151 -1 2,30 - 70| 975 2,010 |2,050|1,9%( 1% | 9,050 |7.6] 732,20
ks
162 13 l.gf'5 - skg | 223 | 2,240 k2 - 3,580 - 9,150 [ 12,k 1,250 | 2,290 2,170 25 [ 13,000 | 7.5 | s5b, 200
LT
La,
153 = 1; £l s15 | 26 | 2,280 127 18| 35,65 L6 9,00 | 12,3 3,220 {2,180 2,080 20 |13,200 7.5} L,z
1264 3;:"’ n sin | 22 | 2,160 145 1,9%0] 3,40 3.0 8,3% | 11.3 598 | 2,20¢ | 2,080 1,800 | 7.8 | 217,50
r
Table 13.--3-410), PTICOS RIVAR SELOV RED BLUFF DAM, NEAR QALA, TEX,
Anousl welghbted mwve 3 of chemical asalyces, in perts per nillion, 1955-196k vater years »
rﬁ__“&ﬁ Dissolved solids Hardness +
Specific
M P BI- c as CaCo, | So- con-
R} - g~ - _ |Car- J nie - dium
uater e lasitcal Iron -1 se- | Sodium | tas. Sone | boa-| salrate | Chlortde | tse | 2o Tors car- [ 1N et | e
Jear NStO,)| (Fe) slum { (Na) |sium ate | {s0,} cn Parts Tons clum, ™ ance | pH | 1o
{cts) {Ca} ate {P) [(NOJ] (B) per care POTPUmiera. fx2rs)
— {mg) R [(gcoyl(COY per per Mag- tion
Mot o mitlion | RCTe- & ne. | bon- mihos at
ifsszarge {oot ) 4 stom ate [Fatio 25°C)
a7
1955 2% 13 317 8 TL3 132 978 1,150 3:350f %.56 1,%0 Laxc) 1,05 9.6] 5,150 7.7 kTR
1236 “5;:3 15 5311 13 | 1,090 112 1,680 1,690 5,190 | T.06] 1,750 8| 1,7l n T35 ) 7.5 €2z,600
2357 &.;"’ 8.5 T 610} 196 | 1,950 107 2,060 | 3,130 8,050} 10,9 1,320 | 2,330 2,22 1,601 1.61 875,23
1553 2.5,,:;‘" b3 1 bon 1 ae7 | 1,390 120 1.5&0 2,150 5,900 | 8.2 1,160 1,83¢| 1,730} 1 8,620 7.6 L23,8:
1353 }_':‘5‘: 1k 863 | 135 1,150 136 1,550 1,760 .a.z 5,180 6,99 1,170 1,718] 1,60¢] 12 7,22 uZr,a0c
1969 227;’?'1 12 566 { 200 | 1,3% 1% 2,040 2,920 1,70 0.5 1,20 | 2,20 2,13 17 | n,0m L73,400
L]
13%1 Ls,zz 1 533 F 17 | 1,k20 125 1,850 2,2% 6,270 8.53 2,120 2,0501 1,70} 18 8,55 TI8,1%
132 zzkfi.;. 3.3 666 1 248 | 2,260 s 2,L30 3,520 9,190 | 12,k 1,520 2,880[ 2,5821 19 | 13,9%] 7.3 551,257
1.5
1363 17,510 3.7 613 1 256 | 2,470 us 2,430 3,850 9,790 | 13.3 1,200 2,70 2,630f 20 | 13,h00] 6.8] k71,5
.0
1064 o 6:; u 6h1 | 2u3 | 2,260 us 2,320 | 3,550 9,080 | 12.3 T {2,600} 2,500f 19 | 12,600 7.0 26x,210
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;05/8 A/_/---s waare ef cneuical and sediment quaiity statlons records for streams in the Pecus River basin in kew Mexlco

.

.

1905

- Loa.d

A1 of recoxd Fre- Delly
i er years Sste. ljuency | coacentration (Tons/ S2y)
Ro. Stetion of (ppm)
o o seun-
§ 2 & & 8§ B pling
= ~ ~ < ~ ~ . Max. Min. Max. Min.
|! l ! CHEMICAL -~ Dissolved Solids
o 3705 Pecus River near Anten Chico D 185 gv 310 1w
: - 395 Gallinms River near Montezuma D-M 3o 120 138 2
A 300 Gallinas River at Montezwse M - - - -
3330 Pecos River at Santa Rosa D 2,320 174 2,470 30
i 3638 Pecos River at Puerto de Lune .D 2,740 220 1,020 106
e 3 u% Pceos River below Alamogordo Dam D 2,730 435 9,930 .31
: A 3200 Pe=cos River near Acme D 19,870 594 71,900 2.1
- U0 Rio Ruidoso at i llywood M - - - -
— 305 Rio H.ndo at Diamond "A" Rauch near Roswelll M 1,450 292 1,820 3.92
' ] 3305 Pecos River near Artesia D 16,300 Loy 99,700 R
1]
- Pecos River near Dayton D 5,120 48 30,100 | 1,080
: L — L0).0 Pecos River below McM'llan Dam M 6,070 | 4,930 - -
! B e B - pecos River at Ford Crossing above Major
: | ! Johnson 3prings near Lakewood M 6,160 |1,b/0 - -
:[ i H — L4Oo1Ls Pecos River below Major Johnson Springs
i | \ near larlsvad b - - - -
i i !———s—‘ Lo2o Pecos R:ver at Damsite 3, near Carlgbad W L,9y70 310 - -
?
i l 4035 carlsbad maln canal at head near Carlsbad D 7,430 552 5,700 1k.5
Oi { —_—t Lo45.1Q Pecos River abuve Carlsbad flume at
| ! ! Carlsbad M - - - -
! —f— | — k050 Pecos River at Carlsbad D 3,810 30 73,700 27.7
i — 4053.5Q Black River below Mayes Ranch near
| aite City " - - - -
: et — Lo3hq Black River at Harkey Crosslug near Malaga | M 2,000 480 - -
1 H
! ' 4005 Pecos River near lalage D 9,100 384 123,400 133
| - —_— Ny Pecos River at Pierce Canyon Crossilng
| . . near Malaga D 23,700 280 | €100,000 103
; ‘ ' Lo75 Pecos River at Red Bluff D 22,800 k5o 95,500 106
I I i SEDIMENT ~ Suspended Sediment
{ t 4 3330 Pecos River at Santa Rosa D 30, £00 81 27v,000 <£.5
I i a— 3834 Pecos River at Puerto de Luna D 59,200 20 {1,510,000 4
B 2505 Rio Hondo at Diamond “A" Ranch, :
! near Roswell D ol 900 NF | 630,000 0
! -}————-%»——» 3OS Pecos River near Artesia D 20,900 NF | 183,000 O
e 0N Rlo Penasco at Dayton D 30,000 NF | 600,000 0




SUSPENDED SEDIMENT

In the upper reach of the Pecos River suspended sediment is
more of a problem than is chemical quality. For the period 1955-63
the annual sediment load ranged from a minimum of 317,400 tons in
1960 at Santa Rosa to a maximum of 5,295,000 tons in 1955 at Puerto
de Luna. Materials carried in suspension are roughly 2 to 20 times
those carried in solution in this reach although particles in traction
and in solution do make up a considerable part of the total load.

The dominance of suspended load above Alamogordo Reservoir can
be attributed to the steep gradient of the river, high flows and out-
cropping shales. These shales weather rapidly, but add little in
the way of soluble products. At Colonias, where much of the discharge
is lost underground, the sediment load is released in the widened flood
plain, but is picked up again during flood periods and transported
downstream.’

In the middle reach sediment as well as chemical quality is a
major problem. Sediment load in this reach is less than in the upper
reach. Between Acme and Artesia the load of suspended and soluble
materials is roughly equal. For the period 1955-63, the annual load
at Artesia ranged from 386,800 tons in 1956 to 1,552,300 tons in 1955.

The load reduction can be attributed to release of clear water
at Alamogordo Dam, lower gradient of the streambed, increased solutes
and abundant growth of phreatophytes. Some sediment is added in this
reach by the Rio Hondo, Rio Penasco and other tributaries. The in-
creased growth of phreatophytes tends to slow down velocities which
reduces corrasion and bank cutting.

In the lower reach between McMillan Dam and Red Bluff Reservoir
suspended sediment loads are usually insignificant. The occasional
flood flows from tributaries such as Rocky Arroyo and Dark Canyon can
contribute appreciable sediment. The highly mineralized waters in
this reach also may act to floc or precipitate any suspended colloids
of clay.

QUALITY OF WATER BY REACHES

The river and its tributaries in the upper reach generally have
their origin in the core area of the Central Highlands of the Southern
Rocky Mountain province where sandstones, shales, and limestones of
Pennsylvanian age predominate. Sedimentary rocks of Paleozoic and
Mesozoic ages (mostly sandstone and shales) outcrop generally south-
east of the town of San Jose to Alamogordo Reservoir. The dilute,
fresh waters north of Colonias are not greatly affected by contami-
nation with saline waters (See classification ~ table 12, following,
in text). The water is primarily a calcium-bicarbonate type of good
quality. The river water below Santa Rosa increases in dissolved
solids to Alamogordo Reservoir where the water is fresh to slightly

62~



saline. The dissolved solids load for the period 1955-64 at the

lower end of the reach at Alamogordo Dam ranged from 206,900 tons
in 1959 to 295,700 tons in 1963, with an average of 247,440 tons

(figure 7).

Flow in the middle reach is partly controlled by Alamogordo
Dam. The dissolved solids concentration at low flows between
Alamogordo Dam and Acme is increased by more than twofold, and
further increases are noted at Artesia; however, fresh water flood
flows from the Rio Hondo and Rio Penasco result in minimum concen-
trations at Artesia than are recorded at Acme. The principal dis-
solved solid addition within this reach is sodium chloride. For
the period 1955-64 the annual dissolved solids loads at Artesia
ranged from 243,200 tons in 1964 to 1,127,000 tons in 1955. Accord-
ing to the saline-water classification, the weighted averages of
dissolved solids concentrations place it in slightly to moderately
saline category, (Table 12)

Table 12-Classification of Water
1. TFresh water - contains less than 1,000 ppm dissolved solids.

2. Saline waters - contains between 1,000 and 35,000 ppm
dissolved solids.

a. slightly saline - 1,000 to 3,000 ppm.
b. moderately saline - 3,000 to 10,000 ppm.
c. very saline - 10,000 to 35,000 ppm.

3. Brine - all waters containing more than #35,000 ppm dissolved
solids.

% concentration of sea water.

The main stem in the lower reach is partly controlled by Lake
McMillan and Lake Avalon. There is at teast a one-third decrease in
dissolved solids concentration between Artesia and Carlsbad. Most of
the decrease can be attributed to inflow to the river below McMillan
Reservoir from springs that have their recharge area west of the
river and to some deposition of calcium carbonate (travertine) in
the river channel. During period 1955-64 the annual load of dissolved
solids ranged from 46,300 tons in 1964 to 292,200 toms in 1955, and
consisted predominantly of calcium sulfate. Dissolved solids between
Carlsbad and the state line increase significantly with downstream
flow, although the stations near Malaga have occasional minimum below
that at Carlsbad because of flood flows on the Black River. The flow
of the Black River is borderline fresh to slightly saline water.



EQUIVALENTS PER MILLION

AVERAGE DISSOLVED SOLIDS, IN J(:.5
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The Malaga Bend area contains brine springs, the waters of
which have concentrations of 150,000 ppm and are saturated with
sodium chloride. The dissolved solids are over four times the con-
centration of sea water. Considerable improvement of the Pecos
River water at Pierce Canyon Crossing below Malaga has been evident
since the Salinity Alleviation Program went into operatiom. That
program involves the pumping of some of the brine from the springs
aquifer into an artificial lake (Northeast Depression), thus lowering
the water table and discharge of the brine springs. During the past
ten years the annual dissolved solids load at the Red Bluff gaging
station ranged from 727,200 toms in 1955 to 217,900 tons in 1964.
Waters between the Red Bluff station and Red Bluff Reservoir fall
into the moderately saline to very saline classification. The pre-
dominant ions are sodium chloride.

CHEMICAL INTERPRETATION

Along the Pecos River basin west of the High Plains escarpment,
where the confining beds of the Chalk Bluff Formation have been re-
moved by erosion, springs become an important influence in surface-
water qualify. The spring waters are saturated with calcium sulphate
through contact with gypsum. Where the river becomes partly sub-
surface, especially along sinks with deep circulation and within the
Roswell basin, the influence upon the chemistry of the water is tre-
mendous. Reaction rates are magnified many times as a result of
(1) the large ratio of surface area to the quantity of flow under-
ground, (2) detention periods are longer underground permitting even
slow reactions to go to completion, and (3) underground flow is fre-
quently under higher pressures and temperatures which aid most chem-
ical reaction rates.

From this it can be seen that the chemical quality of surface
waters in the middle and lower Pecos River reaches depends largely
upon the fact that the rocks contain a large amount of soluble material.
Some minor pollutants are irrigation return flows, sewage effluent,
and industrial wastes which may increase the chlorides above their
natural concentration. Evapotranspiration by phreatophytes will also
increase the concentration of dissolved minerals to some degree.

Data indicate that saturation for calcium sulfate (or equilibrium
concentration) is quickly established. Where water is in contact with
gypsum continuously, it probably can occur within 5 to 7 days. Satur-
ation for gypsum in pure water at 25 degrees Centigrade is 2.085 grams
per liter (2,085 ppm) as referred to the anhydrous salt. The maximum
concentration (2,100 ppm) occurs at approximately 40 degrees Centigrade
(104 degrees Fahrenheit).

Above Anton Chico the water in the Pecos River is predominantly a
calcium bicarbonate water. Below Anton Chico a rapid equilibrium in
the suface water is attained with respect to gypsum. Saturation by
gypsum is in evidence for much of the Pecos River water passing the
Acme station below which the dissolved minerals in the water show a



rapid increase. As the sodium and magnesium chlorides show a
progressive rise in percentage of the dissolved minerals below
Acme, it becomes more evident that the solubility of calcium
sulfate has also increased, though not proportionately, first with
the addition of sodium chloride, and finally by the addition of
magnesium salts. 1In other words, an increase in concentration of
sodium chloride acts to increase the solubility of calcium sulfate,
while the further addition of magnesium chloride increases the cgon-
centration of calcium sulfate at saturation, ie.-up to 2 moles=

of magnesium chloride may increase fourfold the solubility of cal-
cium sulfate (Morozova and Firsova et al, 1956, p. 1962). Increased
temperatures toward the southern part of the state are important
also when considering the gradual increase of calcium sulfate in a
downstream order (figure 8).

Most of the Pecos River, especially the middle and lower basins,
shows a marked decrease in dissolved solids with increased flood
flow. Because of these periodic floods there is a much lower weighted
average concentration for the year. At first, however, the chemical
load and concentrations increase during the rise in discharge as a
result of precipitation along the middle and lower reaches of the
river. This results from the time required to clear all the saline
pools and salt pans along the bank of the river. The lag of return
to normal chemical concentrations is also noted when the river re-
turns to base flow conditions; this probably is the result of release
of bank storage.

1/ A mole is the gram molecular weight of the solute in omne liter of
solution.
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