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ABSTRACT 

The facilities of Los Alaroos Scientific Laboratory are located on 

the Paj ari to Plateau in North-Central New Mexico. The plateau is fonned 

by ashfall and ashflow units of the Bandelier Tuff. The tuff is under

lain by volcanic debris of the Puye Formation which in places interfingers 

with the Basaltic Rocks of Olino Mesa. The Puye Formation is lDlderlain by 

sediments of the Tesuque Formation. 

Southeastward intennittent streams that drain into the Rio Grande 

have cut deep canyons into the Bandelier Tuff. The intermittent runoff 

in the canyons occur from stonn nmoff and the release of treated sewage 

or industrial effluents. The effluents do not reach the Rio Grande as 

surface flow. 

There are two major ground water systems in the canyons. A near 

surface grotmd. water system occurs in the larger canyon in the alluvium 

which is underlain by the tuff. This system is recharged by the inter

mittent storm rtmoff or release of effluents. A deep ground water system, 

. the main aquifer, occurs in the lower part of the volcanic debris and 

W sediments of Puye and Tesuque Fonnation. 

The movement of water from the recharge area in the Valles Caldera 

and canyons cut into the flanks of the roolD'ltains and western part of the 

plateau eastward toward the Rio Grande, where a part is discharged into 

the river. 

There are sixteen drainage areas ~n the plateau that encompass the 

Laboratory Reservation. Hydrogeologic data have been collected in twelve 

of these areas. The remaining four areas are small with no well defined 

drainage, thus, have not warranted study. 

Treated sewage effluents are released into Drainage Area 4 (Acid

Pueblo Canyon), 5 (DP-Los Alamos Canyon), 6 (Sandia Canyon), 10 (Pajarito 

Canyon) and 11 (Water Canyon). Pueblo Canyon receives the largest volume 

of effluents from the two conrmmity sewage treatment plants. The volume 

released into the remaining drainage areas are small. The chemical quality 

of the sewage effluents released into the canyons have dominated the chemi

cal quality of the water in the stream and shallow grotmd water aquifer in 

the alluvium of the canyons. 
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Two drainage areas, 5 (Los Alamos Canyon) and 7 · (MJrtandad Canyon) • 

are currently receiving effluents from treatment plants that operate to 

reduce radionuclide concentrations. Drainage Area 6 (Sandia Canyon) re-

ceives some effluents as the result of blow-down from the power plant at 

TA-3. Drainage Area 11 (\'later Canyon) receives some water from industrial 

process at nearby technical areas. These canyons also receive seo~age ef-

fluent as previously mentioned. 

The chemical quality of \vater in the streams or shallow aquifers 

in the alluvium of these canyons reflect the ·chemical quality of the type 

of effluent released, such as sewage or industrial effluents. The base 

flow in these canyons are from the release of effluents. In general, the 

chemical quality of the water improves downgradient from the effluent out

fall as the chemical ions in the effluent adjust to the environment. 

Drainage Area 4 (Acid-Pueblo Canyon) received industrial effluents 

containing radionuclides until 1964. Drainage Area 5 (DP-Los Alamos Can

. yons) received this type of effluents from 1952 to present, and Drainage 

Area 7 ~brtandad Canyon) also received this type of effluents from 1963 . ..., 

to present. 

Residual radionuclides remain in the Acid Pueblo Canyon drainage 

although the release of effluents ceased in 1964. The radionuclide con

centration decreased downgradient in the canyon from the old effluent out

fall. The radioactive materials are attached to the alluvial materials in 

the stream channel. They, in part, are resuspended in water in the stream. 

Radionuclides in solution in the stream and shallow aquifer in · 

alluvium and attached to alluvial material are fotmd in DP-Los Alamos 

Canyon. The concentrations generally decrease down stream from the out

fall in DP Canyon and below the j\Dlction of_iDP with Los Alamos Canyon. 

The radionuclides have an affinity for the alluvial material in the chan

nels of both canyons. There is no high build up of radionuclide near the 

effluent outfalls. Storm nmoff during the surmner, transports ani dis

perses the alluvial material and attached radionuclides down the canyon 

to the Rio Grande. 

Radionuclides in solution in the stream and shallow aquifer in the 

alluvial material are found in ?-brtandad Canyon. The concentrations also • 
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• ~ecrease dow.ngradient from the effluent outfall. Although the radionuclides 

are dispersed bt stonn nmoff down the canyon, there has been no transport 

off the Laboratory Reservation. This is due to the small drainage area 

that results in low volumes of stonn runoff and thick sections of l.m.

saturat.ed alluvium that has been able to adsorp all r1.m.off since hydrologic 

observations began in 1960. 

The chemical quality of water from perched aquifers in the Puye 

Fonnation and Basal :ic Rocks of Chino r.tesa in Pueblo Canyon indicate re

charge from the stream in Pueblo Canyon. There is no indication of contami

nation of these perched aquifers by radionuclides released from the treat

ment plant at TA-45 from 1943 to 1964. 

The chemical quality of water from eight test wells completed into the 

main aquifer have shown no change during the period of study. The quality 

of water reflects no contamination by sewage or industrial effluents. 

Ra.dionuclides occuring in the waters are natural and do not indicate any 

contamination from the release of industrial effluents on the plateau. 
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I. INTRODUCTION 

The Community of Los Alamos and the Laboratories of the Los 

Alamos Scientific Laboratory are located on the Pajarito Plateau 

in north-central New Mexico, The community and the Laboratory 

have grown from a few hundred people in 1943 to over 16,000 with 

about 4,000 employed in the Laboratory, 

Geologic and hydrologic studies began in 1947 to evaluate the 

water resources of the area and to study the problems associated 

with the treatment and release of industrial and sewage effluents 

into canyon disposal areas. The purpose of this report is to 

evaluate the impact of the Laboratory on the surface and shallow 

ground water aquifers in the alluvium in canyon drainage areas 

and to provide compilation of basic data for future reference. 

The study covers drainage areas that form discharge points from 

ERDA-LASL controlled property. 

The study includes geologic and hydrologic conditions in the 
. 

drainage areas including channel geology, occurrence and movement 

of surface and ground water, chemical and radiochemical quality of 

water, radiochemical analyses of· sediments, transport of sediments 

in storm runoff (in canyons where data is available), particle-

size distribution of sediments, ~nd flood~frequency and maximum 

discharge in the drainage area, The study also includes basic data 

collected in the surveillance monitoring program, 1949-1972, special 

studies, and in part develops new data necessary for completion of 

the study. 

A. Geography 

The Pajarito Plateau fonms an apron 8 to 16 km wide and 32 to ~ 

40 km long around the eastern flanks of the Sierra de los Valles 



• 
(Fig. 1). The surface of the plateau slopes gently eastward from 

an altitude of about 2290 m along the flanks of the mountains to 

about 1430 m along the eastern edge where it terminates along the 

Puye Escarpment and White Rock Canyon. The plateau is drained by 

southeast and eastward trending streams that have cut deep canyons 

into the surface of the plateau. 

The Rio Grande lies to the east of the plateau. It drops from 

an altitude of about 1680 m at Otowi (mouth of Los Alamos Canyon) 

to about 1630 m at the junction with Frijoles Canyon, North of 

Otowi the Rio Grande lies in a broad valley, while to the south 

it is confined in a deep narrow canyon (White Rock Canyon). 

The mountain peaks of the Sierra de Los Valles rise to an 

altitude of about 3,525 m neaT the head of Santa Clara Canyon and 

to an altitude of 3110 m near the head of Frijoles Canyon. The 

crest of the north~south trending range of peaks and ridges forms 

a surface water divide. Streams originating on the eastern slopes 

and Pajarito Plateau flow directly into the Rio Grande. Streams 

on the western sloped follow a more circuitous course and enter the 

Rio Grande 48 km to the south. 

The climate and vegetation change westward from the Rio Grande 

to the crest of the Sierra de Los Valles along with the change in 
• 

alti~e. The average precipitation increases from about 23 em 

along the Rio Grande to as much as 76 em along the crest of the 

mountains. The average precipitation on the plateau is about 

46 em. About 70 percent of this amount occurs in July and August 

during summer thunder showers. 

The average July temperatures at the lower altitude is about 

23° C and on the plateau is about 19° C while average January 
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• 
temperature at the valley is ~6° C and on the plateau -7° c. 
At higher altitudes on the mountain crests, temperatures are low-

-
er so that snow on the peaks lasts until late May or early June. 

Cottonwoods, willows, and box elders are found along the Rio 

Grande and in the lower part of the canyons cut into the plateau. 

The eastern two-thirds of the plateau is covered with pi~on and 

cedar while the western third and lower flanks of the mountains 

are covered with pine, Spruce, fir, and aspen intermingle with 

the pine on the upper slopes of the mountains, Alpine meadows 

are found on some of the south facing slopes of the higher peaks. 

The upper surface of the plateau is sparsely covered with 

gamma grass while a variety of grasses occur in the canyon floors, 

The banks of the perennial streams are stabilized with this growth 

of grass. 

B. Geology 

Drainage areas or streams that head on the flanks of the 

mountains are cut into the rocks of·the Tschicoma Formation. Can-

yons on the Pajarito Plateau are cut into and areunderlain by the 

Bandelier Tuff. Along the eastern edge of the pleateau, the channel 

is cut through the Puye Formation into the Tesuque which floors the 

valley north of Otowi and forms,the lower canyon walls along the 

Rio Grande in Whit~ock Canyon. The basaltic rocks of Chino Mesa 

are in places interbedded in the sediments of the Puye Formation. 

The rock units described, from oldest to youngest, are the 

Tesuque Formation, Puye Formation an~ basaltic rock of Chino Mesa 

of the Santa Fe Group; the Tschicoma Formation and Bandelier Tuff 

of the volcanic rocks of the Jemez Mountains, and alluvium and 

soil of recent age. The generalized stratigraphic relations are 
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shown on Fig. Z. 

A detailed discussion of the geology of the area is present

ed by Griggs 1 and Bailey et a1. 2 

1. Santa Fe Group 

The Santa Fe Group in ascending order, consists of the Tesu

que Formation, the Puye Formation, and basaltic rocks of Chino 

Mesa. 

The Tesuque Formation is a sequence of light-colored sedi· 

ments laid down as coalescing alluvial-fan and flood·plain depos

its in the Rio Grande depression. These sedimentary rocks were 

derived from highlands to the north, and possibly in part from 

the Sangre de Cristo Mountains to the east. The separate beds 

are composed of friable to moderately well-cemented, light-pink

grey to light-brown siltstone and sandstone that contain lenses 

of conglomerate and clay. Bedding generally is poorly developed 

except locally in fine-grained material. 

The Puye Formation consists of two members, The lower mem-

ber is a poorly consolidated, channel-fill deposit. A fanglomer

ate overlies the lower member arid is composed of volcanic debris. 

The lower member of the Puye Formation overlies the Tesuque 

Formation along the Jio Grande ~nd in Los Alamos and Guaje Canyons. 

It is grey, poorly consolidated conglomerate consisting of frag

ments of quartzite, schist, gneiss, and granite ranging in size 

from sand to boulders; well-sorted lenses of silt and sand are 

present sporadically. The materials making up the conglomerate 

were derived principally from igneous and metamorphic rocks to 

the north and northeast. They were deposited on a broad flood 

plain arid in channels of the ancestral Rio Grande. A zone near 
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the top is cQmposed of a mixture of pegmatitic rocks and volcanic 

debris. This mixed zone represents a change in source of sedi-
. --

ments from igneous and metamorphic terrane to the north to the 

igneous and volcanic terrane to the west. 

The upper member of the Puye Formation is a fanglomerate 

composed of pebbles, cobbles, and boulders of rhyolite, latite, 

quartz latite, and pumice in a grey matrix of silt and sand. 

These rocks were derived from flows associated with the volcanic 

rocks of the Jemez Mountains. Sorting is poor, but tongues and 

lenses of fairly well-sorted pumiceous siltstone and water-lain 

pumice are present within the fanglomerate. The degree of cemen

tation varies from friable to well-cemented. In upper Guaje and 

Los Alamos Canyons, the fanglomerate member consists of angular 

· boulders; eastward it grades to silt, sand, gravels, and rounded 

boulders. 

The basaltic rocks of Chino Mesa originated from volcanic 

vents on the Cerros del Rio to the southeast of the Los Alamos 

area. The basalts cap the mesas of Cerros del Rio and form the 

steep walls of White Rock Canyon~ The basalts flowed north and 

northwest into the Los Alamos area interfingering with the Puye 

Formation. 

The basalts consist of five units which range in color from 

grey to black. They contain varying amounts of olivine, pyroxene, 

and plagioclase feldspar and range from fine-grained to glassy. 

Individual flows vary in thickness from a few feet to over SO 

feet. Sediments may be found between the individual flows. 

• 

The basalts outcrop in the lower parts of the major canyons ~ 
that drain the Pajarito Plateau from Otowi to Frijoles Canyon in 
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White Rock Ca:nyon. 

2. Volcanic rocks of the Jemez Mountains 

Volcanic rocks of the Jemez Mountains along the eastern 

flanks of the Sierra de los Valles and on the Pajarito Plateau 

consist of the Tschicoma Formation and the younger Bandelier Tuff, 

The Tschicoma Formation is composed of undifferentiated latite 

and quartz latite flows and pyroclastic rocks that are highly 

fractured and jointed; some intervals contain weathered zones and 

interflow breccia, These rocks form the core and flanks of the 

Sierra de los Valles. 

The Bandelier Tuff is composed chiefly of ashfall and ashflow 

tuff and some thin, water-lain sediments. The formation has been 

divided into three members: Guaje, Otowi, and Tshirege, from the 

oldest to the youngest. The Bandelier Tuff forms the upper part 

of the Pajarito Plateau. Physical characteristics of the tuff are 

presented as Appendix A. 

The Guaje Member of the Bandelier Tuff is an ashfall pumice 

and water-laid pumiceous tuff that rests unconformably on older 

rocks. The base of the unit contains grey lump-pumice fragments 

as much as 2 inches in length. Glass shards and crystals of 

quartz and sanidine are present in the cellular structure of part-
• 

ly devitrified pumice. Rounded pebble-size fragments of light

red rhyolite are present near the top. 

The Otowi Member of the Bandelier Tuff is a light-grey, non

welded, pumiceous rhyolite tuff that weathers to a gently slope; 

it is conformable with the underlying Guaje. Quartz crystals, 

·~ glass shards, minor amounts of mafic minerals, and varying amounts 

of rhyolite, latite, and pumice fragments included in a fine-gmined 
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ash compose ~he tuff. Most of the rock fragments are rounded. 

The Otowi consists of ashflows primarily but _it contains several 

beds of silt and water-laid pumice near the top. 

The Tshirege Member of the Bandelier Tuff, is composed of a 

series of ashflows of rhyolite tuff that contains at least one 

thin, water-laid bed near the top. The Tshirege unconformably 

overlies the Otowi and forms the caprock of the fingerlike mesas 

of the Pajarito Plateau. The rhyolite tuffs range from nonwelded 

to welded. The thin, water~laid bed is composed of material de

rived from the underlying tuff. 

3. Alluvium and soil 

Alluvium from the Sierra de los Valles and the Pajarito 

Plateau has been deposited in the canyons of the plateau. Near 

the heads of the canyons bedrock commonly is exposed in the lower 

parts; but further down the canyons alluvium may be several hun

dred feet wide and as much as 80 feet thick. 

Alluvial deposits in the canyons heading on the flanks of 

the Sierra de los Valles contain cobbles and boulders with accom-

panying clay, silt, sand, and gravel derived from the Tschicoma 

Formation and Bandelier Tuff. Deposits in the canyons heading on 

the Pajarito Plateau contain clay, silt, sand, and gravel derived 
• 

from the Bandelier Tuff. 

Clayey soil derived from weathering of the Bandelier Tuff 

covers most of the fingerlike mesas of the Pajarito Plateau. 

4. Structure 

The Rio Grande depression is a structurally low area that 

constitutes the valley through which the Rio Grande flows. 3 The 

Pajarito Plateau is part of the depression although it forms a 

-9~ 
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topographic_high area along the western margin of the valley . 

The most prominent structural features _of the Pajarito Pla

teau is the Pajarito fault zone which trends northward along the 

western edge of the plateau. It is a part of the complex fault 

system that formed the Rio Grande depression. The fault zone con

sists of normal faults that are downthrawn to the east and dis-

place rocks of the Bandelier Tuff, Puye Formation, and Tschicoma 

Formation (Fig. 2). The displacement, estimated from the fault 

scarp west of S·Site, is from 120 to 150 m. The amount of dis

placement decreases northward where, at a point north of Los 

Alamos, all visible traces of the fault disappear (Fig. 3). The 

movement along the fault zone has been in small increments which 

began prior to the deposition of the Bandelier Tuff and continued 

into post-Bandelier time. The displacement of the older rocks is 

greater than the displacement of the younger rocks. The major 

fault in this zone extends into and displaces the Precambrian rocks, 

North of Los Alamos and east of the Pajarito fault zone, two 

normal faults (Fig. 3) cut the Bandelier Tuff, the Puye Formation, 

and the Tschicoma Formation. ~hese faults, downthrown to the west, 

form a graben between them and the Pajarito fault zone. They are 

a part of the fault system which formed the Rio Grande depression. 

Beneath the central part of the Pajarito Plateau a north

trending depositional basin is formed in the Tesuque Formation, 

The basin is filled with volcanic debris of the Puye Formation, 

overlain by the Bandelier Tuff. The eastern edge of the basin is 

formed by thick flows of basalt from Chino Mesa, 3 to 6 km west 

of the Rio Grande. 

A gravity survey indicated that the deepest part of the 



..... -

I 

\ 

Fig •. 3. 

aquifer 

e I ·• a •-

Major faults and contours • 
of the Los Alamos area. 

-11-

·i 
! 
; 

on the top of the main 



Rio Grande d~pression (top of the Precambrian rocks) is in a 

~ north-trending trough near the center of the plateau. The bottom 

of this sediment-filled trough lies about 1,500 m below sea level 

(Fig. 2). 

C. Hydrology 

The master stream of north-central New Mexico, the Rio Grande 

flows southeastward along the eastern edge of the Pajarito Plateau 

and ultimately receives all runoff from the eastern flanks of the 

Sierra de los Valles and Pajarito Plateau. Rito de los Frijoles 

and Santa Clara Creek to the south and north of the drainage areas 

studied are the only perennial streams that discharge into the Rio 

Grande. Intermittent streams that cross the plateau flow into the 

Rio Grande only during periods of excess precipitation. 

Surface flow in the intermittent streams is from either efflu-

ents released from industrial waste treatment plants and sewage 

treatment plants of from precipitation recharge of small aquifers 
. 

in the alluvium along the canyon bottoms. 

A perched water body occurs in the Puye Formation and basaltic 

rocks of Chino Mesa in lower Pueblo, Los Alamos, and Sandia Canyon. 

The main aquifer (aquifer capable of water supply) lies at a depth 

of about 370 m along the weste~n edge of the plateau and at a depth 

of about 180 m along the eastern edge. 

The Bandelier Tuff is above the main zone of saturation and 

does not contain any known bodies of perched water in the Los 

Alamos area. Hydrologic characteristics of the tuff are presented 

·in Appendix B. 

1. Surface Water 

Records from the gauging station at Otowi on the Rio Grande 
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indicate that for 71 years of record the average discharge is 

about 43 m3/sec. The drainage area above Otowi is about 14,300 

sq. miles in southern Colorado and northern New Mexico. The 

maximum discharge of 691 m3/sec occurred on May 2, 1920 and is 

the greatest since at least 1884 and probably since 1741, The 

minimum discharge of 1.7 m3/sec occurred in July of 1902. 4 To

tal sediment load passing the gauging station at Otowi during 

1969 was 1.6 x 106 t. Some extremes listed for chemical quality 

and sediment loads for the period 1946 through 1969 are listed 

below. 5 

·_./ • 

Dissolved solids: Maximum, 1,030 mg/1 Aug. 5, 1963; minimum, 

135 mg/1 May 1-31, 1969. Hardness: Maximum, 702 mg/1 Aug. 5, 1963; 

minimum, 83 mg/1 May 22-26, 1960, June 22-28, 1968. Specific 

conductance: Maximum daily, 1,310 microinhos Aug. 5, 1963; mini-

mum daily, 165 micromhos June 13, 1952. Water temperatures (1948-

69): Maximum 31° C Aug. 4, 5, 1954; minimum, freezing point on 

many days during winter months. Se·diment concentrations (194 7-

69): Maximum daily, 43,500 mg/1 Aug. 21, 1955; maximum daily, 

11 mg/1 July 27, 1963. Sediment loads (1947~69): Maximum daily, 

3.3 x 105 t Aug. 23, 1961; minimum daily, 2.7 t July 27, 1963. 

Perennial flow occurs in the upper reaches of .Los Alamos, 

Pajarito, Canon de Valle and Water Canyon. The flow is from 

perched water zones in the Tschicoma F~rmation and Bandelier Tuff. 

Perennial flow in sections of Pueblo, Los Alamos, Sandia, and 

Mortandad are from the release of effluents from industrial 

waste treatment plants, sewage plants, and blow down water from 

cooling process. These effluents do not leave the boundaries of 
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the ERDA property as surface flow but infiltrate to recharge 

~ small bodies of water in the alluvium of the canyon bottoms, 

Only during periods of excessive precipitation, snowmelt, or 

heavy summer showers, does runoff from most of the stream reach 

the Rio Grande. Occurrence of surface water is treated in each 

major drainage area investigated in this report. Hydrology of 

Santa Clara, Guaje Los Alamos, and Frijoles Canyon as related to 

low-flow investigations are presented in Appendix C. 

2. Water in the alluvium 

Water in the alluvium is recharged from surface flow from 

either effluents, cooling water, or storm runoff. Water in the 

alluvium occurs in Pueblo, Los Alamos, Mortandad, and Pajarito 

Canyon and probably is perched seasonally in the upper reach 

'-' and perennially in the lower parts of other canyons that receive 

effluents or runoff from the Pajarito Plateau and Sierra de los 

Valles. The occurrence of water in the alluvium is treated in 

each of the major drainage areas investigated in this report. 

3. Perched Water in the Puye Formation and basaltic rocks 

of Chino Mesa 

Perched water recharged from water in the alluvium occurs 

in lower Pueblo, Los Alamos an~ Sandia Canyons. A part of this 

perc~ed water discharges from springs in Los Alamos and Sandia 

Canyons. The movement and quality of water in the perched aquifer 

are treated as a part of this report. 

4. Main aquifer of the Los Alamos area 

The main aquifer in the Los Alamos area is in the Santa Fe 

Group. T~e potentiometric surface (Fig. 3) rises from the Rio 

Grande westward through the Tesuque Formation into the lower 
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part of the Puye Conglomerate which interfingers with Tschicoma 

Formation (Fig. 2). The position of the potentiometric surface 

in the Tschicoma Formation is not known beneath the western edge 

of the plateau. Brecciated zones within the Tschicoma Formation 

may contain water but where encountered in wells such zones have 

not yielded more than 0.3 to 0,6 1/sec. 

The gradient of the potentiometric ~urface beneath the Pa; 

jarito Plateau averages about 370 m along the western edge of the 

plateau to about 180 m at the confluence of Pueblo and Los Alamos 

Canyons, Water in the aquifer moves eastward toward the Rio 

Grande where some water is discharged through springs in the 

channel and along the banks (Fig. 3). Recharge to the main aquifer 

occurs on the flanks of the mountain or from the Valles Caldera to 

.....,. 

• 

the west of Los Alamos. 6 The movement of water in the supply ·~ 

wells in lower Los Alamos Canyon is estimated to be about 110 m/yr. 7 

Aquifer tests in the main aquifer south of tos Alamos also indicates 

slow movement of water in the range 55 m/yr to 220 m/yr. The 

transit time from recharge of the aquifer to discharge along the 

Rio Grande is unknown; however, tritium age dating of water from 

supply wells in Los Alamos, Guaje, and the Pajarito well field 

indicate that the water has bee~ in transit from the recharge 

area for periods much greater than 50 years. Tritium analyses 

(electolysis enrichment methoa) were below limits of detection 

(0.5 tritium units). 

The main aquifer is separated from water in the alluvium in 

canyon bottoms and from the perched aquifers in lower Pueblo. 

Los Alamos, and Sandia Canyons by from 200 to over 300 m of 
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of unsaturated volcanics and sediments, Geologic and hydrologic 

data collected during testing and monitoring~of test holes pene

trating the main aquifer are considered in a latter part of the 

report. 

D. Method of Investigation 

The study areas include all drainage areas on ERDA controlled 

property. The draina•e areas were outlined on the basis of point 

of discharge at ERDA-LASL boundary (Fig. 4). All data that was 

available concerning the geohydrology of surface water, shallow 

ground water in the alluvium, and transport of sediments was used. 

List of published and unpublished reports that were used are found 

in Appendix D. 

1. Chemical analyses of water 

The chemical quality of surface and ground water in the 

alluvium was determined by methods as outlined in ''Standard methods 

for examination of water and waste water"8 and "Methods for the 

Collection and analyses of water samples." 

The average concentration of sodium (Na), Chloride (CL), 

fluoride (F), nitrate (N03), total dissolved solids (TDS), specific 

conductance, and pH of a number of analyses for a sampling sta

tion is used in the tables in the text of this report to show • 
trends in concentration in the disposal area, and over a period of 

time at a single station. These specific ions and chemical char

acteristics were used as they will readily reflect quality of 

water change that may occur. Complete chemical analyses from 

each station for the period 1967-1972 is .presented in Appendix E 

~ for the drainage areas. 
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Drainage 
:Area Canyon 

I Barranca 
•2 Bayo 
3 
4 ~eblo 5 os Alamos . ~ . 6 Sandia 
7 Mortandad. 
8 
9 Conodo del Suey · 
10 Pcjorito 
u Water 
12 . -13 Ancho 
14 -15 Chaquehul 
16 

Square 
Mires 

1.9 
3.8 
0.1 
8.6 
10.6 
2.7 
1.8 
0.2 
3.4 

10.6 
12.8 
0.5 
6.7 
0.6 
1.8 
0.4: 

0 
• 

i ' 

legend 

-- Drainage divide 
- · Intermittent stream 
-- Perennial stream 
-- Effluent stream 
"""* c Point of boundary discharge 

5qoo 

-~ 

·. . 

.. 
., 

.. 

Fig. 4.· Drainage areas ~nd points of intermittent stream 
discharge. 
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• 
2. Radiochemical analyses ~f water 

The radiochemcial data is presented in two parts for each 

hydrologic regime, surface water, water in alluvium, perched 

aquifers and main aquifer, covering the. periods 1958 through 1967 

and 1968 through 1972. During the period 1958 through 1967 

analyses were made for gross beta and plutonium. The procedures 

for analyses for plutonium used Bismuth Phosphate Coprecipitation 

Method. This method had a limits of detection of 0.5 pCi/1 

(picocuries per liter). The limits of detection for gross beta 

activity during this same period was 14 pCi/1 and total uranium 

0.5 ~g/1. 

During the period 1967 through 1972, analyses were made for 

gross alpha and beta, 238Pu, 239Pu, 3H, and total uranium. Pro-

-.. cedures used for sample preparation and gross alpha, beta, and 

gamma screening are outlined in Radioassay Procedures for Envir

onmental Samples. 10 The determination of specific alpha emitters 

was performed using an alpha spectrometer and internal tracers for 

recovery corrections. Purification and concentrations were done 

by ion exchange and electrodeposition or by coprecipitation. 

Uranium was determined fluorometrically unless specific uranium 

isotopes were required. The methods used in the period 1967 

through 1972 were better in that the limits of detection were 

lower. Limits of detections for gross alpha and beta activity 

were 1 pCi/1, plutonium 0.05 pCi/1 and total uranium 0.4 ~g/1. 

The average concentration of a number of analyses for a sam

pling station is used in the tables in the text of this report 

to show general trends in concentrations in the disposal area. 
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Many of the individual analyses are below the limits of detec

tion. The limits of detection rather than zero has been used to 

compute the average, Complete radiochemical analyses from each 

station for the period 1967-1972 is presented in Appendix C for 

the drainage areas. 

3, Radiochemical analyses of sediments 

Stream channel bed material is referred to as sediments, 

These sediments were collected with 7,6 em scoop across the main 

channel to a depth of about 3 em. Suspended sediments are classed 

as having a mean diameter less than 6 mm and are those sediments 

that remain in suspension in water for a period of time without 

contact with the bottom. The suspended sediments were collected 

with a single-stage sampler, cumulative sampler, or a DH-48 sam

pler during flood or storm runoff. 

The procedures used for radiochemical analyses of channel 

bed sediments and suspended sediments are outlined in "Standard 

Analytical. Procedures for Soil."ll · Plutonium was analyzed by 

using an alpha spectrometer after concentration and purification 

by ion-exchange chemistry with internal tracers added for recovery 

corrections. 

4, Particle-size Distrigution of Sediments 

The particle-size distribution was made by mechanical shaker 

(Ro-Tap) through a series of different size mesh screens •. The 

size distribution was made of the sediments having a particle 

size diameter of less than 3.96 millimeters, according to the 

Wentworth Grade Scale. The particle-size distribution 
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Grade 

Granules 

Sand 

Very Coarse 

Coarse 

Medium 

Fine 

Very Fine 

Silt and Clay Less 

Size Range 

_ _(Millimeters) 

2,36 ... 3.96 

1,17 .. 2,36 

.589 - 1.17 

.295 - .589 

.147 - .295 

.074 • .147 

than .074 

is expressed as percent by weight of the channel bed sediments. 

The sediments are derived from chemical and mechanical 

weathering of the acid volcanic rocks (Tschicoma and Puye Forma-

'-' tions and Bandelier Tuff). The granules are composed principally 

of tuff, pumice, latite, and rhyolite rock fragments with minor 

amounts of quartz and sanidine crystals. The fractions of fine 

to coarse sand consist mainly of quartz and sanidine crystals and 

crystal fragments with minor amounts of rock fragments. The silt 

and clay fraction are composed mainly of clay minerals montmoril

lonite and illite. 

' 

5. Inventory of Plutonium in Sediments of Drainage Area 

4, S, and 7 

Drainage Area· 4 (Acid-Pueblo Canyon), Drainage Area 5 (Los 

Alamos -DP Canyon) and Drainage Area 7 (Mortandad Canyon) have 

received treated liquid effluents that have contained some plu

tonium. An inventory was made to determine the amount of pluton-

ium released into the canyon in preceeding years. 
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Plutonium in the waste when released is adsorbed or re-
. 

tained with the finer material in the channel alluvium. The 

concentrations of plutonium tend to build up at the point of 

effluent discharge in the channel during the fall through the 

spring. This large concentration is reduced by transport during 

storm runoff, especially the heavy summer showers. 

The fine particle in the alluvium in the channel have the 

greater affinity for the plutonium; however, most of the pluton

ium is in the coarser alluvium as it is more abundant. The 

finer sediments in the alluvium are carried out of the canyons 

(Acid-Pueblo and DP-Los Alamos) as suspended sediments with the 

storm runoff, while the larger materials are being transported 

as bed material. The bed material lags behind, moving short 

distances with each succeeding runoff event. 

Storm runoff reaches the Rio Grande from Acid-Pueblo and 

DP-Los Alamos Canyons. There has been no runoff in the drainage 

area of Mortandad Canyon to the Laboratory boundary (Santa Fe

Los Alamos County Line) since hydrologic investigation began in 

the canyon in 1960. This is du·e to the small drainage area and 

the thickness of unsaturated alluvium in the canyon. 

The inventory is based on (1) mass of sediments in a section 
• 

of the channel, and (2) the average concentration of plutonium in 

sediments in that section. 

The annual amounts of plutonium released from the Treatment 

Plants into the canyon were compiled from records furnished by 

H-7. The estimate from the TA-45 Plant 1943-1950 was taken from 
\ 

LA-5282-MS. The mass of sediments is compiled from channel width,~ 
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length of s~ctionJ a thickness of 0,15 m, and a specific.gravity 

of 1.57. The mass of the sediments and concentration of plu~ 

tonium were used to compute the amount of plutonium in the sec· 

tion. The inventory in the canyon was made from data collected in 

1968, 1970, and 1972 and is presented in the Drainage Areas 4, 5, 

and 7 sections of the report. 

6. Flood-Frequency and Maximum Discharge 

The sixteen drainage areas considered in the study contain 

only intermittent streams at the ERDA Boundary, with the exception 

of Drainage Area 13 (Ancho Canyon). The lower reach of Ancho 

contains a perennial stream fed by springs from the main aquifer 

-in the lower part of the Puye Formation and upper part of the 

Tesuque Formation. 

There are three gauging stations on the plateau; mouth of 

DP Canyon, mid-reach of Los Alamos Canyon and upper Mortandad Can

yon. Tiiere are no·gauging stations on the channels of the sixteen 

drainage areas, thus, theoretical flood-freq·uency and maximum dis

charge were compiled from a method devised by Scott. 12 The methods 

use~consist of defining the r•lationship between existing flood 

data and the physical and climatic characteristics of the gauged 

sites or drainage basin. The data was extrapolated by use of re-
• 

gression analyses using this relationship and basin characteris

tics to determine flood frequency and maximum discharge. 

The peak discharges of 2, S, 10, 25, and SO year recurrence 

intervals were determined for each of the drainage areas contain

ing a well defined channel from nomographs presented by Scott 

for Region 1 which includes the Rio Grande water shed in north 

central New Mexico. 
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The climatic data used with the nomographs as determined at 

Los Alamos lias a mean minimum January temperature of 8° F and a 

maximum 24 hour 2 year rainfall of 4,3 em .. The area of each drain~ 

age area, in square in km2 above the ERDA-LASL Boundary was deter

mined by use of a planimeter. The main channel slope, was com

piled from elevations taken from topographic maps. Using points 

at 10 and 85 percent of the distance from discharge point at the 

boundary and drainage divide. The difference in altitude between 

those two points divided by the distance between the points was 

used to compute the main channel slope for drainage areas. The 

channel slopes are present as dimensionless ratios of average 

vertical distance .change (negative tq horizontal distance travers-

ed). 

The flood frequency or "recurrence interval" is the average 

interval of time between floods of a given magnitude. A flood 

with a recurrence interval of SO years is the annual flood that 

is equaled or exceeded once in SO years, with long term average. 

The concept implies no regularity in the time of recurrence of a 

given magnitude flood. It is possible for two or more SO year 

floods to occur within a short period of time, or many more than 

SO years may elapse before the qccurrence of one SO year flood. 

Frequencies may be expressed in terms of probabilities, i.e. 

the probability of the occurrence of a 10 year flood in any given 

year is 1 in 10 or 0.1; the probability of a SO year flood in any 

given year is 1 in SO, or 0.02. 

II. DRAINAGE AREA 1 (BARRANCA CANYON) 

Barrance Canyon contains an intermittent stream, Runoff 

occurs during heayy summer thunder showers and possibly some snow 
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melt in the upper reaches of the canyon, There is no effluent 

discharge into the canyon from either sewage or industrial waste 

treatment plants. No data is available on chemical or radiochemi

cal quality of the storm runoff. 

A. Radiochemical analyses of sediments 

Samples of sediments from the stream channel were collected 

in Barranca Canyon above the junction with Guaje Canyon, about 

0.5 miles east of the boundary (Fig. 5). 

Particle size distribution of sediments in the stream channel 

was made of the sample collected in 1965, The sediments were de

rived from the Bandelier Tuff and Puye Formation. 

Particle-size Distribution of Sediments. 

Grade 

Granules 
Sand 

Very Coarse 
Coarse 
Medium 
Fine 
Very Fine 

Silt and Clay • 

Distribution 

(percent·by weight) 

10 

17.5 

27.0 

21.0 

11.5 

5.5 

7.5 

Radiochemical analyses were made of sediments collected 

November 24, 1965 and February 5, 1970. No activity found in the 

sediments were in the range as would be expected from world wide 

fallout. 
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• 
11 .. 5~65 

Gross alpha 3 c/m/g 
Gross beta 1 c/m/g 
Gross Gamma 28 c/m/g 

2 .. 5 .. 70 
Gross alpha 2 pCi/g 
Gross beta 3 pCi/g 
Gross gamma 1 pCi/g 
Plutonium-238 0,005 pCi/g 
Plutonium-239 .007 pCi/g 

B. Flood-frequency and Maximum Discharge 

Barranca Canyon heads on the Pajarito Plateau at an altitude 

of about 2, 195 m. The flood frequency and maximum discharge are 

based on the following data: 

Drainage Area - 4.9 km2 

Main Channel Slope - 0.039 

Frequency 
2-year 
5-year 

10-year 
25-year 
SO-year 

III. DRAINAGE AREA 2 (BAYO CANYO.t~) 

Maximum Discharge 
(m3/sec) · 

1.5 
4.1 
6.7 

12 
14 

Bayo Canyon contains only an intermittent stream. Runoff 

occurs during heavy summer thunder showers with some possible snow 

melt in the upper reaches of the canyon. There is no effluent dis

charge into the canyon; however, prior to 1965, a technical area 

used for testing, was located in the canyon. The site was aban

doned and the area was cleaned up in 1965. 
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A. Chemical analyses of storm ru·noff 

Chemical analyses was made of storm runoff that occurred at 

Station 1 in August 22, 1957 (Fig. 6). 

Determination 

Chemical (mg/1) 
Sodium 
Carbonate 
Bicarbonate 
Chloride 
Fluoride 
Nitrate 

Specific Conductance (~mhos) 

pH 

Concentrations 

4,8 mg/1 
0 mg/1 

117 mg/1 
8,0 mg/1 
1.0 mg/1 
2.0 mg/1 

227 
7.2 

No radiochemical analyses were performed on the sample, 

B. Radiochemical analyses of sediments 

Two sediment sampling stations were established in the can

yon. They are located near the middle of the canyon (Station 1) 

and the other about Bayo Canyon above the junction with Los Alamos 

Canyon about 2.4 km east of the boundary (Station 2), 

Particle size distribution' of the sediments at the two sta-

tions are shown below. The sediments are derived from the Bande-

lier Tuff and Puye Formation: • 
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PaTticle~size Distribution of Sediments 

Distribution 
· · · ·cpercent bY wefght) 

Grade Station 1 Station 2 
Granules 2.0 2.0 
Sand 

Very Coarse 40.5 24.5 
Coarse 40.5 46.5 
Medium 10,5 16.0 
Fine 3.5 6.5 
Very Fine 1.5 1.5 

Silt and Clay 2.0 2.5 

Radiochemical analyses were made of sediments from the two 

stations collected November 24, 1965 and February 5, 1970. The 

activity is in the range that would be expected from world wide 

fallout. 

Determination 

Gross alpha 
Gross beta 
Gross gamma 
Plutonium-238 
Plutonium-239 

Determination 

Gross alpha 
Gross beta 
Gross gamma 
Plutonium-238 
Plutonium-239 

Station 1 
11-24-65 

1 cm/g 
<1 cm/g 
<1 .cm/g 

Station 2 
11-24-65 

3 cm/g 
21 cm/g 
<1 cm/g 

C. Flood-frequency and Maximum Discharge 

Station 1 
2-5-70 

~1 pCi/g 
<1 pCi/g 
<1 pCi/g 
<0.001 pCi/g 

.004 pCi/g 

Station 2 
2-5-70 

<1 pCi/g 
<1 pCi/g 
<1 pCi/g 
< .001 pCi/g 

.004 pCi/g 

Bayo Canyon heads on the Pajarito Plateau at an altitude of 
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about 2,036 m, The flood·frequency and maximum discharge at the 

'-• boundary is based on the follo\'ling data: 

Frequency 
Frequency 

Z·,year 
5-year 

lO·year 
25·year 
SO-year 

IV. DRAINAGE AREA 3 

Drainage Area - 9,8 km2 

Main channel slope ~ 0,028 

Maximum Discharge 
(m3/sec) 

2,4 
6,1 
8,5 

17 
19 

Drainage Area 3 is on the south facing wall of Los Alamos 

Canyon. No major drainage channel developed in the 0,25 km2 drain

age area. No data are available on chemical or radioachemical 

quality of storm runoff. 

V DRAINAGE AREA 4 (ACID-PUEBLO CANYON) 

Stream flow is perennial in the upper and lower reaches of 

Pueblo Canyon from the release of treated sewage effluent from the 

Pueblo and Bayo Plants (Fig. 7). Storm runof·f adds to the volume 

of flow either from winter snow melt or summer thunderstroms •. Dur~ 

ing the period 1951 through 1963, industrial effluents from TA-45 

were released into Acid Canyon, ~ small tributary to Pueblo Canyon. 

The Central Sewage Treatment Plant released effluents into the 

middle reach of the canyon from 1947 through 1966. 

The stream flow in Pueblo Canyon recharges a shallow body of 

ground water in the alluvium. As the water in the alluvium moves 

downgradient~ water is lost to evapotranspiration while some moves 

into two shallow perched water bodies in the Puye Formation and 
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• 
Basaltic Rocks of Chino Mesa (Fig, 8) 

A. Sewag~ and Industri~l Treatment Plants 

Sewage has been treated and released at three plants in Pue

blo Canyon during the interval between 1951 and 1971. The oldest 

plant in operation is the Pueblo Plant which began operations in 

the mid 1940's and is still in operation, The yearly volume of 

sewage effluent released increased from 375 x 103 m3 in 1956 to 

875 x 103 m3 in 1961. 

The release in 1970 was about 780 x 103 m3 • From April through 

September, about 90 percent of the effluent is pumped to the golf 

course for irrigation, 

The central treatment plant operated from the late 1940's to 

about 1966 when the effluent was then treated at the Bayo Plant, 

~ · The earlier release from the plant ranged from 570 x 103 m3 to 

760 x 10 3 m3 annually; however, after 1954, when a part of the ef

fluents were pumped to the power plant for use, the releases into 

Pueblo Canyon dropped, ranging from 75 x 103 m3 to 150 x 10 3 m3 

per year to 1966 when all the effluents were then treated at Bayo 

Plant. 

The Bayo Plant became operational in 1963 with the effluent 

released into Pueblo Canyon. The plant was enlarged and in 1966 

began treating sewage previously processed at the central treat

ment plant. The release in 1972 was about 900 x 103m3 • 

The industrial waste treatment plant at TA-45 was in operation 

from January 1951 through June 1963. Several small batches of 

waste were treated until June 1964 prior to complete abandonment 

of the plant. Plutonium, the major waste contaminate, was removed 
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from liquid w·as tes by chemical treatment with ferric sulfate and 

lime, which forms a flocculent that precipitates to the bottom of 

settling tanks. The precipitate (ferric hydroxide) carries near

ly all of the plutonium with it. The sludge is removed from the 

bottom of the tank, packaged, and buried in pits. 

An average of 9 x 103 of waste were released into Acid Canyon 

between 1946 and 1951, The volume of waste released increased 

from 15 x 103 m3 in 1951 to a maximum of about 65 x 103 m3 in 1962, 

then decreased to about 0.7 x 10 3 m3 in 1964 as the new plant at 

TA-50 became operational. The wastes were released from the treat

ment plant in batches of 55'm3 to 75m3 rather than by continuous 

flow. The effluents were released into Acid Canyon. The effluents 

made up the bulk of the flow in the canyon except some occasional 

runoff from storms. 

1. Chemical quality of sewage and industrial effluents 

The chemical quality of effluents from the Pueblo, Central 

(now abandoned), and the Pueblo Sewage treatment plants have re

mained about the same over the years • 

• 
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Chemical Quality of Sewage Effluent 

(Av_e.rage of a number of samples, analyses in mg/1 
except as noted). 

. . 

Year 1952 1961 1971" 
Number of Samples 

Calcium 
:r.tagnesium 
Sodium 
Carbonates 
Bicarbonates 
Phosphate 
Chloride 
Fluoride 
Nitrate 

1 1 

94 
0 

176 121 
35 

32 34 
1.6 1.6 

40 30 

2 

26 
3 

88 
0 

120 

36 

66 

Dissolved Solids 350 a 400 a 420 
Hardness 

onductanceb 
He 

540 
49 74 

620 500 
7.0 72 

a Estimated, Ref. 12 p 270 
b Micromhos at 25° C 
c No units 

• 8 

1972 
4 

14 
6 

76 
0 

40 

31 

26 
03 
66 

• 7 

1952 1961 1971 
1 2 

13 
2 

114 89 
0 0 

210 158 60 
22 

30 46 30 
1.6 2.6 1.5 

35 43 31 
370 a 400 a 74 

1972 
4 

14 
5 

78 
0 

118 

55 
1.2 

57 
408 

37 41 55 
75 570 620 00 450 
7.2 7.1 7.2 7. 

The chemical ions and physical c~aracteristics are greater than found 

in natural occurring water~ Metal ion analyses of effluent from the 

Pueblo and Bayo Plants were made· in 1971 and 1972. The results in

dicated some trace amounts of metal ions in the effluents. 
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• 
The chemical -ions and physical characteristics are_ greater than 

found in natural occurring water, Metal ion -~nalyses of effluent 

from the Pueblo and Bayo Plants were made in 1971 and 1972. The 

results indicated some trace amounts of metal ions in the effluents. 

Metal Ion Analyses 
(Average of three analyses in parts per billion) 

Pueblo Bayo 
In Solution 

Cadmfum 1.3 ,91 
Beryllium .29 1,4 
Lead <1.0 3.8 
Mercury o.s < .02 

Particulates 
Cadmium .48 .30 
Beryllium < .25 < .25 
Lead 6.5 4.7 
~1ercury .34 .OS 

The chemical quality of the effluents released into the canyon 

reflects the quality of influents to the plant and chemicals used 

to neutralize undesirable constituents and remove radionuclides, 

The effluents are highly mineralized when compared to naturally oc· 
• 

curring waters. The high pH is the result of treatment of the ef

fluents with lime as part of the process to remove radionuclides. 

In general, the chemical ion concentrations vary with the ever 

changing quality of the influents. 
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_Chemical Analyses of Industrial Effluents!!' 

(Analyses in mg/1, except as noted) ~ • Year 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 
Calcium 14 -74 116 96 55 15 10 80 82 28 76 27 4 
Mlgnesium 3 49 60 ...... 0 38 16 5 5 1 2 1 1 
Sodium 46 162 35 87 lOS 57 680 78 118 87 102 99 69 
Carbonates 38 3 68 289 138 336 162 467 100 154 82 60 
Bicarbonates 132 46 140 314 284 280 599· 193 530 140 201 151 130 
Chloride 54 290 57 18 9 9 229 1 83 48 61 24 10 
Fluoride 5 2 10 4 4 14 80 3 10 7 2 2 2 
Nitrate (N) b/ 24 130 178 10 24 2 200 12 3 7 4 1 1 
Hardness 46 390 537 240 88 195 90 219 225 70 200 68 10 
Conductanc~ 1200 1380 600 630 795 650 1110 640 450 
pH 9.1 11J.5 11.4 11.2 11.0 11.8 11.6 11.0 10.9 10.8 10.5 

a Weekly composite sample (one analysis from each years record) 
·b N X 4.4 = N03 

c NUcromhos at 25° C 

2.Radiochemical Qualitl of Sewage and Industrial Effluents 

Radiochemical analyses of sewage effluent from the Pueblo and 

Bayo Plants have been made on samples collected in 1971 and 1972. 

The results show only traces of radionuclides which are background~ 

Radiochemical Analyses of Sewage Effluents 
(Average 7 samples collected in 1971 and 1972 

in pCi/1 exc~pt as noted) 

Determination 
Gross alpha 
Gross beta 
Plutonium-238 
Plutonium-239 
Cesium-137 
Tritium 
Total Uraniuma/ 

a/ pg/1 

Pueblo 

1 
9 
0.05 
0.05 

350 
1,000 . 

1.6 
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Bayo 

2 

30 
o.os 
0.05 

350 
1,000 

1.8 

~ 



The volume of effluent and concentrations of gross alpha, 

• gross beta, total plutonium and tritium released as effluent after 

treatment at the plant for the period 1951 through 1964 were com

piled from plant records by Group H-7 (H7-LAE-.·434). 

• 

Average Annual Radiochemical Quality of Effluents 
released from TA-45 (1951-1964) 

Year 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 

Amount 
(M3) 

22080 
28540 
27610 
38910 
39910 
39720 
43310 
40580 
46110 
40870 
52850 
64110 
30880 

891 

a Estimated 

Gross 

alpha 

111 
144 
139 
112 
102 
150 
zoo 
94.6 
38 
86.5 

176 
115 
232 

94 

Picocuries per liter 
Gross Total 
beta Pu 

-.-

31000 
9600. 

19000 
26000 

150 

• 

59.3 
38.5 
41.7 
56.2 
54.8 
26,4 
20.7 
22.4 
26.5 
64.1 

100 
61 
97.4 
45 

sH.a 

(x 10 3 ) 

.140 
110 
110 

77 
75 
76 
69 
74 
65 
73 
57 
47 
97 

1300 

Major treatment during operation of the plant was to reduce 

the amount of plutonium received in the liquid waste. During the 

period 1943 through 1964, about 170 millicuries of plutonium 

were released into the canyon • 
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· Annual Amount of Radionuclides Released 
\ii th Effluents from TA~45 ... ...,.,. . • Mi11icuries 

Gross Gross Total 
3Ha Year a1Eha ···beta· Pu· 

1943-50a 143b 

1951 2.4 1.3 3090 
1952 4.1 1.1 3140 
1953 3.8 1.2 3040 
1954 4.4 2.2 2990 
1955 4.1 2.2 2990 
1956 6.0 1.0 3020 
1957 8.7 .9 2990 
1958 3.8 .9 3000 
1959 1.8 1.2 2990 
1960 3.5 1270 2.6 2980 
1961 9.3 507 5,2 3010 
1962 7.4 1220 3.9 3010 lli 
1963 3.0 803 3.0 3000 
1964 .04 . 1 .04 1160 
Total (1943-1964) -- 170. 

a Estimated 
b LA-5282-MS13 

B. Surface Water 

Stream flow in Pueblo during the period 1951 through 1964 con

sisted of effluents from the two sewage treatment plants (Pueblo and 

Central) and from the industrial waste treatment plant (TA-45) near 

Acid Canyon, a tributary canyon to Pueblo. Precipitation and snow

melt occasionally added to the volume of flow. 

The average discharge from 1957 to 1964 in Pueblo Canyon, just~ 
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• 
below the jun~tion with Acid Canyon, was about 56 1/sec, from 

September th.rough April and about 14 1/sec from May through August • 

Near test Well 2 (added flow from th~ central plant) the average 

discharge was about 45 1/sec from September through April and 

14 1/sec from May through August (Fig. 8), The decrease in stream 

flow May through August reflected decreased release from the sewage

treatment plants because most of the effluent was used for irrigation 

and cooling water at the power plant. Stream flow during summer 

usually ended near observation well P0-4A but during the summer ex~ 

tended to near Pueblo 3 or beyond (Fig. 8), 

The same characteristics of discharge occurred in upper Pue

blo Canyon from the sewage treatment plant during the period 1964 

through 1971; however, stream flow generally ended near or east of 

test Well 2 during the summer and extended to near Hamilton Bend 

Springs in the winter. The new sewage-treatment plant at Bayo be~ 

gan operations in 1964 and by 1966 the the Central treatment plant 

was closed. This caused a shift in release of effluent in the low~ 

er part of the canyon. 

The stream flow decreased down the canyon as water moved into 

the alluvium. The alluvium is thin in the upper reaches of the can

yon and thinkens to about 18 m to the east. Slight or little losses 
• 

of surface water were noted where the alluvium overlies the Tschi-

coma Formation (Fig. 8). The alluvium in the stream channel over~ 

lying the Tschicoma Formation is thin. The rocks of the formation 

are quite hard and resist down cutting of the stream channel. To 

the east where the channel is underlain by the Bandelier Tuff, the 

~ alluvium thickens as the tuff erodes and weathers quite easy. As 

the alluvium thickens in this section of the stream, storage 
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capacities of the alluvium increase which is accompanied by an 

increased loss of surface flow as it infiltrates into the allu· 

vium. Surface water losses also occur to evaporation and trans

piration by plants and trees. 

The surface water loss in the canyon is estimated at about 

5 1/sec per km when discharge at the confluence of Acid and Pue

blo Canyons is about 60 1/sec. As discharge increases, these losses 

increase due to water taken into bank storage which is later partly 

released as the discharge declines. Loss from bank storage occurs 

from evapotranspiration and some water is held as soil moisture. 

Surface water stations for monitoring the chemical and radio

chemical quality of the surface water were established at Acid 

Weir, Pueblo 1, Pueblo 2, and Pueblo 3 in 1954. 

1. Chemical quality of surface water 

The chemical quality of water from Acid Weir from 1954 to 

1964 reflect the chemical quality of the effluent released from 

• the treatment plant. 

Chemical Quality of Surface Water at Acid Weir 
(Average of a number of analyses) 

Period 
Chemical Constituents 
Chemical (mg/1) 

Chloride 

1953-1964 1965-1972 

Fluoride 
Nitrate 
Total Dissolved solids 

Conductance (~mhos) 

pH 

• 

-41 .. 

33 
3.9 

83 

735 
670 

8.4 

77 
1.4 
4.4 

320 
240 

7.5 

• 



The water was basic and fluoride and nitrate concentrations were 

• high as '"ere total dissolved solids, The high chlorides in the 

period 1965~1972 are probably from leaching from salt~sand mixtures 

stored at the head of the canyon by the county. Runoff in Acid 

Canyon during the period 1964-1972 consisted mainly of storm run

off, release of water from the pool at the High School, and runoff 

from lawn watering in the residential area, The yearly average 

shows general decline in concentrations of fluoride and nitrate 

and in total dissolved solids, conductance, and pH. The chloride 

concentrations have incre~sed 1970 through 1972, 

• 

Chemical Quality of Surface Water from Acid Weir 
(Average yearly analyses in mg/1 except as noted) 

Year 

1953 

1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1965 
1970 
1971 

1972 

No. of 
samples ·Na 

9 

10 
6 

10 
3 

6 

3 

1 

1 

2 

2 

1 
2 

1 

2 

72 
66 
87 
85 
78 
94 
72 
38 
98 
41 
86 

a Micromhos at 25° C 
b No units 
c Estimated 

Cl 

29 
37 
36 
32 
23 
25 
45 
44 
29 
39 
24 
14 

165 
52 
73 

F 

4.1 
5.2 
5.2 

3.8 
5.1 

4.0 
3.9 
z .•o 
2.2 
2.0 
1.7 
1.7 

.9 

1.9 
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157 
242 
304 

5C 
36 
23 
26 
16 
29 
26 
13 

4 

4 

4 

4 

TDS 

435C 
545c 
640c 

583 
345c 
350c 
400c · 
335c 

420 
400 
356 
246 
437 
276 
305 

Conduci 
tance~ 

670 
840 
980 

530 
540 
610 
515 
480 
380 
400 
240 
520 
220 

395 

pHb/ 

8.~ 

7.9 
8.1 
8.3 
8.6 
8.5 
9.4 
8.3 
7.6 
7.7 
7.1 
7.4 



Chemical Quality of Surface Water at Pueblo 1, 2, and 3 
(Average of a number of analyses) 1953 through 1972 

Chemical (mg/1) Pueblo 1 Pueblo 2 Pueblo 
Chemical (mg/1) 

Chloride 30 30 28 
Fluoride 2,0 1.6 1.7 
Nitrate 52 34 13 
Total Dissolved Solids 365 342 409 

Conductance (vmhos) 450 410 400 
pH 7.3 ' 7. 5 7.4 

3 

The chemical quality of water at Pueblo 1 shows little or no 

effect of the release of effluent from the industrial waste treat-

ment plant at TA-45 which ceased operations in 1964 . 

• 
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Quality of Surface Water at Pueblo 1 

• (Average of Yearly Anal_yses in mg/1 except as noted) 

No, of CondUc ... 
1 Year samples Na Cl F N03 TDS tance !. pH~/ 

1953 9 ........ 31 2.2 61 35oc/ 535 
1954 11 ..... 30 2.4 77 350c 541 
1955 6 -· 32 3.3 153 470c 725 
1956 8 ....... 35 2,5 14 445 8.0 
1957 6 65 24 2.3 38 275c 426 7.5 
1958 12 56 24 1.6 30 280c 435 7.5 
1959 5 62 26 1.4 35 320c 496 7.4 
1961 1 45 16 1.0 22 340 360 7.7 
1962 2 70 28 1.6 53 403 480 6.9 
1963 2 60 33 2.0 35 348 360 7.2 
1970 2 81 40 1.4 44 374 400 7.0 
1971 1 82 28 1.0 57 376 400 7.0 
1972 2 75 41 3.3 53 416 430 7.1 .. 
a Micromhos at 25° C 
b No units 
c Estimated 

The chemical quality of water at Pueblo 1 reflects the chemi-

cal quality of the effluent from~the Pueblo Sewage Treatment Plant. 

The chemical quality of water at Pueblo 2 reflects the com-

bined release of sewage effluent from 1953 to 1964 from the Pueblo 

and Central Plant, and after 1964 only the release from the Pueblo 

Plant. 
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Quality of Surface Water at Pueblo Z 
(Average Yearly Analyses in mg/1 except as noted) .._I 

No. of CondUC- • Year samples Na 

1953 8 
1954 9 
1955 2 
1956 9 
1957 4 63 
1958 12 64 
1959 5 72 
1961 1 38 
1962 1 61 
1963 3 71 
1964 2 84 
1970 2 81 
1971 1 72 
1972 2 73 

a Micromhos at 25°.C 
b No Units 
c Estimated 

Cl F 

32 1.2 
32 1.2 
34 2. 5 
34 2.4 
27 2.3 
27 1.7 
31 1.5 
12 1.0 
25 1.2 
30 1.5 
31 2. 0 
44 1.3 
28 • 6 
39 3.3 

N03 TDS tance!/ ptfY 

42 3oss/ 470 
60 310~ 475 --
64 360c 557 
26 444 8. 2 
25 2soc 437 7.6 
24 265c 409 7.8 
35 ~2sc 497 7.3 
13 294 285 7.8 
30 325 320 7. 2 
40 398 302 7. 5 
40 390 420 7. 5 
22 402 410 7. 5 
26 330 360 7.3 
31 363 395 7.7 

The quality of water at Pueblo 3 from 1957 through 1964 reflects 

return flow from Hamilton Bend Springs and flow through the alluvium. 

The quality of water at Pueblo 3 in 1970 through 1972 reflects main

ly the quality of se\o~age effluent released from the Bayo Plant • 

• 
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• 
. Quality of Surface Water at Pueblo 3 

(Average Yearly Analyses in rng/1 except as noted) 

No.of Condui-
pHb Year samples Na Cl F N03 TDS tance 

1957 1 48 18 2.0 20 210 320 7.9 
1958 7 51 22 1.4 22 215 331 7.6 
1959 5 71 32 1.6 20 310 478 7,4 
1961 2 59 17 • 7 18 465 440 7.7 
1963 1 65 28 2.0 9 362 420 7. 5 
1964 2 115 47 2.0 22 455 435 7.8 
1970 2 84 22 1.0 61 376 344 7.0 
1971 1 74 26 1.2 66 416 380 6.9 
1972 2 76 39 3.3 44 385 450 7,3 

a Micromhos at 25° c 
b No Units 
c Estimated 

Metal ion analyses were made of surface water from Acid Weir, 

Pueblo 1, Pueblo 2, and Pueblo 3 in 1971 and 1972, The analyses 

show some traces of metal ions. 

Metal Ion Analyses 
(Average of two analyses in ll&/1) 

Metal .Ion Acid Weir Pueblo 1 Pueblo 2 Pueblo 3 

In Solution 
Cadmium 3.3 3.7 3.9 3,2 
Beryllium .25 .25 ,25 ,25 
Lead 3,0 • 210 3,0 5,2 
Mercury 0.02 .OS .02 ,14 

Particulate 
Cadmium .35 7.0 .25 ,75 
Beryllium .25 .25 .25 ,25 
Lead .16 7.1 2,8 11,1 
Hercury .11 . 34 .06 .14 

2. Radiochemidal Quility of Surface Water 

The treated effluents were released directly into Acid Canyon, 

thus the direct release ~ effluents into the canyon and lack of 

-46-



dilution of-radioactivity in the surface flow in Acid Canyon 

was grea.ter than in Pueblo Canyon, The plutonium and gross beta 

activity generally decreased downgradient from Acid Weir in Acid 

Canyon to Pueblo 3 in Pueblo Canyon. Due to the "slugu type of 

release, the radiochemical quality varied according to the time 

the sample was collected. 

The highest concentration of plutonium reported in Acid Can

yon was 17.1 pCi/1 at Acid Weit in May 1959, with Pueblo 1, 2 and 

3 having plutonium concentrations of less than the limits of de

tection ( <0,5 pCi/1). Another high period of plutonium occurred 

in surface water during April 1963 when the plutonium was 13.6 

pCi/1 at Acid Wei~, <0.5 pCi/1 at Pueblo 1 and <0.5 pCi/1 at Pue

blo 2. 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 

Plutonium in Surface Water 
(Average-of a number of analyses in pCi/1) 

Acid Weir 

4.2 
4.5 
0.6 
1.3 
2.0 
7.6 

<.5 

Pueblo 1 

0.6 
<.5 

<.5 
<.5 
<.5 

• 

Pueblo 2 

<,5 
<.5 

<.5 
2.7 
1.0 
<.5 

Pueblo 3 

.7 
<.5 
<.5 
<.5 

<.5 
<.5 

The highest concentrations of gross beta activity occurred in 

July 1959. The activity decreased from 586 pCi/1 at Acid Weir to 

2,610 pCi/1 at Pueblo 1. The samples were collected during the: 

decline of a release of industrial effluents. 
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Gross Beta in Surface Water 
(Average of a number of analyses_, pC_i/1) 

Year Acid Weir Pueblo 1 Pueblo 2 Pueblo 3 

1958 694 75 55 326 
1959 285 447 <14 <14 
1960 245 .... 27 
1961 225 <14 <14 52 
1962 110 <14 18 
1963 78 <14 22 17 
1964 --P.- 20 22 
1965 <14 .. - ~-

The above concentrations of plutonium and gross beta activity 

reflect the changing conditions in the canyon while the industrial 

effluents were being released, 

The radiochemical results of surface water analyses in 1970 

through 1972 show the condition in the canyon when the source of 

the plutonium and other radionuclides in the·water is due to re

suspension from those nuclides previously adsorped or exchanged 

with ions of the alluvial materials in the channel sediments. Plu

tonium and gross beta activity are higher in Acid Canyon (Acid 

Weir) than in Pueblo Canyon. In general, the concentrations de

crease downgradient in the canyon. The residual of industrial 

effluents is still within the Acid-Pueblo Canyon system, 
• 

Radiochemical Analyses of Surface Water 1970 through 1972 
(Average of 5 analyses in pCi/1, except where noted) 

Acid w·ei.r ... :Pueblo 1 P.ueblo 2 Pueblo 3 

Gross alpha <3 <1 <1 <1 
Gross beta 153 36 15 14 
P1utonium .. 238 ,08 .08 .os .OS 
Plutonium ... 239 1.87 .07 .27 ,06 
Cesium .. l37 <350 <350 <350 <350 
Tritiuin 1970 <1000 <1000 <1000 
Natural Uraniuma 1.3 1,0 1,0 1.0 

a Micrograms per liter -48-



C ,· Water- in AlluVium 
"' 

Stream flow infiltrates into the alluvium to maintain small • 

bodies of water perched on the underlying tuff and Puye Formation, 

The water in the alluvium moves downgradient and water is lost 

into the tuff and fanglomerate. 

The laboratory analyses indicate that the coefficient of perm~ 

eability of the tuff ranges from 3 x 10~ 5 m/day for a welded tuff 

to 9 x 10~ 1 m/day for a nonwelded tuff, Water moving through the 

tuff does not completely saturate the matrix because of noncommuni~ 

eating pore space which are mostly of capillary_ siz·e. Infiltration 

of water into the tuff is considered small due to the hydrologic 

characteristics of the tuff. Also infiltration of water into the 

Tschicoma Formation is considered small due to the characteristics 

of the rocks (generally seen in outcrops and dense with no open J 
fractures) and that there is very little surface water loss in 

the reach of the channel underlain by the Tschicoma. 

The stream channel is cut down to the tuff~fanglomerate con

tact between observation Well P0-4A and Hamilton Bend Spring 

(Fig. 8). The top of the Puye Formation in this area is charac

terized by a water laid lens of tuffaceous sediment. 

As the alluvium thins due t~ the resistance to erosion of the 

sediment, water in the alluvium is returned to the surface in the 

seep area at Hamilton Bend Spring. A similar resistant layer of 

sediments occurs at Otowi Seep. 

The sediment lenses are thin and underlain by fanglomerate 

debris which is quite permeable. The area underlain by the Puye 

Formation is the major recharge area for the perched aquifer that 

discharges in part in Los Alamos Canyon at Basalt and Los Alamos 
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Springs (f~g, 6), 

A series of shallow observation holes were constructed in 

Acid and Pueblo Canyons (Fig, 5), Drive points and corrugated 

metal pipe were driven or dug 4 to 6 feet into the alluvium to 

obtain samples of water moving through the alluvium. The obser

vation holes in Acid Canyon were designated "AC" (AC~3, AC-4, 

AC-·5) while the observation holes in Pueblo Canyon were desig

nated as "PC'', (PC-1, PC-2, PC-3, PC ... 4, PC-5, PC-6, PC-7, PC-8, 

PC-9, PC-10, PC-11). Collection of water samples (pumped) from 

these holes was dependent on stream flow for recharge, therefore 

at times when the stream was not flowing, the hole would be dry. 

Storm runoff occasionally destroyed a hole so that by 1964, most 

of this sampling network was gone. 

In 1957, sixteen test holes were drilled up to depths of 23m 

in the area of Hamilton Bend Springs for additional geologic and 

hydrologic information. Three were incorporated into the moni-

taring net PO-lA (destroyed 1967), P0-4A and P0-4B, PO-lA, P0-4A, 

and P0-4B were completed into the alluvium, A fourth test hole 

in this series, P0~3B, was completed at a depth of about 17 m in 

the Puye Formation, and is also used as a part of the monitoring 
• net. Recharge is from water in the alluvium. Water in the allu-

vium is also discharged at Hamil ton·· Bend Springs and Otowi Seep 

which are a part of the monitoring net. 

1. Chemical Quality of Water in the Alluvium 

Chemical quality of water in the alluvium in Acid Canyon 

(AC-series holes) in the period 1954 through 1964 reflects chemi

cal quality of industrial effluents while water in the alluvium 

in Pueblo Canyon (PC and PO series holes) reflect the quality of 



sewage effluents predominating, Surface water in the canyon re~ 

charges water in the alluvium, 

The chemical quality of liater in the alluvium in Acid Canyon 

varied markedly between sampling periods, but the water was high~ 

ly mineralized, In Pueblo Canyon the chemical quality of water 

in the alluvium was somewhat better, having a lower fluoride ion 

and nitrate concentration and a slight decrease in mineral con

centration as shown by a decrease in conductance, 

The trends or significant changes in the chemical quality of 

water as it moves downgradient through the alluvium in Acid and 

Pueblo Canyons is partly obscured by the dilution effect of snow

melt and storm runoff, changes in volume of effluent released 

from the sewage treatment plants, slug-type release of water from 

the industrial waste treatment plant, and changing of effluents 

released from both sewage and industrial plants. The chemical 

quality of water in Acid Canyon was unstable due to the high pH. 

In Pueblo Canyon the pH of the water in the alluvium decreased 

abruptly to an average pH of 7.5 or less. A general trend, how

ever, during the period of operation of the industrial plant in

dicates that the chemical quality of water generally improves 

downgradient in the canyon. The quality of water was best during 
• 

the winter and early spring when stream flow is at a maximum due 

to increased release of sewage effluents and snowmelt, and poorest 

during the late spring and early summer when sewage effluent 

release and storm runoff is at a minimum. 
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Chemical Quality of Water in Alluvium in Acid and 

Pueblo Canyons 1954 through 1965 
(Average of a number of analyses in mg/1, _except as noted) 

Observation No of 
Hole analyses 

AC-3 
4 
5 

PC-1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

PO-lA 
P0-4A 
P0-4B 
Hamilton Bend 
Springs 
Otowi Saeep 
P0-3B 

25 
29 

8 
24 
31 
29 
23 

9 
37 
21 
16 
25 
30 
13 

9 
15 
10 

31 
4 
7 

a Micromhos at 25° C 
b No Units 

c Estimated 

CL 

30 
38 
26 
27 
28 
27 
30 
32 
25 
30 
29 
29 
27 
29 
27 
25 
28 

30 
33 
13 

F 

3.4 
4.4 
3,0 
1.8 
2,2 
2,3 
1,9 
1.8 
1,3 
1.6 
1.1 
1,2 
1.4 
1.5 
1.2 
1.7 

.9 

• 8 
1.6 
0.4 

d Completed in Puye Formation 

N0 3 TDS 

38 
35 
65 
22 
28 
33 
40 
42 
12 
28 
36 
'.6 
19 
28 

7 
23 
10 

18 
2 
6 

481 
765 
553 
300C 
542 
430 
432 
315c 
373 
338c 
275 
430 
379 
361 
327 
318 
330 

336 
275c · 
190 

Condu~· 
tance 

590 
665 
610 
460 
505 
495 
485 
485 
380 
470 
425 
370 
350 
390 
380 
400 
370 

405 
422 
200 

10.4 
10.0 

9.6 
7,5 
7.4 
7.5 
7,3 
7.3 
7.4 
7.4 
7.4 
7.4 
7.3 
7.2 
7.4 
7.1 
7.2 

7,5 
7,5 
7.2 

Monitoring of water in the alluvium during the period 1970 

through 1972 was performed at Observation Holes P0-4A and P0-4B 
• 

and at Hamilton Bend Springs. The chemical quality of the surface 

water in the canyon which recharges the water in the alluvium. 



" 

Quality of Water in the Alluvium 1970 through 
(Average of several analyses) 

...... 

Station PQ..,4A PQ ... 4B Hamilton 
Bend Spr.·. 

No. of Samples 3 1 4 

Chemical (mg/1) 
Calcium 21 12 17 
Magnesium 5 10 7 
Sodium 63 66 72 
Carbonate 0 0 0 
Bicarbonate 85 116 118 
Chloride 35 30 38 
Fluoride 2.5 1.0 2,5 
Nitrate 34 6 16 
Dissolved Solids 344 299 423 
Total Hardness 73 70 68 

Conductanceb 347 360 367 
pHC 7.2 7.0 7,6 

a Completed in Puye Formation 
b Micromhos at 25° C 

·c No Units 

1972 
._,., 

P0-3Ba • 
5 

27 
10 
28 

0 
76 
32 
4.0 
2.1 

281 
107 
270 

7.0 

Metal ion analyses wer.e made of water from PQ ... 4A and Hamilton 

Bend Springs, Traces of metal ions in the water are a bit lower than 

found in surface water in the canyon. 

Metal Ion Analyses 
(Average of a number of analyses in p~/1) 

HaJiii!ton 
P0-4A Bend SEr• PQ .. 3B 

~0 of An~Iyses 1 • 1 2 

In Solution 
Cadmium·' 1.1 ,18 15 
Beryllium <.25 <,25 < .25 
Lead 3.5 4,5 3.0 
Mercury .13 <.02 .25 

Particulate 
Cadmium .68 .72 5.8 
Beryllium <,25 <, 25 <. 25 
Lead 4.5 4.8 18 ... Mercury .27 <.02 .8 
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2, ~adiochemical 'Qu·ality of \'later in the Alluvium 

Water in the alluvium is recharged directly from stream flow; 

thus as with the surface water, concentrations of plutonium and 

gross beta activity were highest in Acid Canyon due to the direct 

release of effluents and lack of dilution by sewage effluents 

which occurs in Pueblo Canyon. In general, as with the surface 

water, the concentrations of radionuclides decrease downgradient 

in the canyons. 

Plutonium in Water in the Alluvium, 1958 through 1964 
(Average of a nuni:>er of. ana~yses in p:j./1) 

Years 1958 1959 1960 1961 1962 1963 1964 

Station 

AC-3 5. 3 2. 9 <.5 14.6 18. 2 
AC-4 1.9 41.9 4. 0 1. 3 
AC-5 4.9 <.5 -·-
PC-1 <.5 <.5 
PC-2 <.5 10. 9 
PC-3 1. 3 <.5 <.5 <.5 
PC-4 • 5 <.5 <.5 <.5 
PC-5 • 5 • 5 
PC-6 1. 8 <.5 <.5 <.5 <.5 .9 • 8 
PC-7 <.5 <.5 
PC-8 <.5 <.5 
PC-9 • 7 <.5 <.5 <.5 < • 5 • PC-10 <.5 <.5 <.5 <.5 <.5 <.5 <.5 
PC-11 <.5 <.5 2. 7 <.5 <.5 • 9 
PO-lA 1.9 <.5 <.5 <.5 
P0-4A <.5 <.5 <.5 <. 5 
P0-4B <.5 <.5 <.5 
Hamilton Bend 

Springs ~.5 <.5 <.5 <.5 <.5 1. 0 .9 
Otow_i Seep <.5 < .,5 <.5 3. 8 <.5 • 8 

. ro-3B . ~~5 .· < ,5 <.5 -- <.5 < .5·· < .s 
. . . . . . 
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1965 

<.5 
<.5 

<.5 
<.5 

<. 5 
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Gross Beta in Water in the Alluvium 1958 through 1965 
(Average_ of a number of analyses, analyses in picocuries per liter) 

Year 

Station 

AC-3 

AC-4 

AC-5 

PC-1 

PC-Z 

PC-3 

PC-4 

PC-5 

PC-6 

PC-7 

PC-8 

PC-9 

PC-10 

PC-11 

PO-lA 

P0-4A 

P0-4B 

1958 

788 

810 

1080 

<14 

Z6 

Z8 

337 

<14 

3Z 

Z60 

98 

53 

<14 

Z68 

69 

Z7 

Hamilton Bend < 14 
Springs 

Otowi Seep 

ro-3B 

38 

1959 1960 1961 

347 1Z60 

6Z1 

< 14 

<14 

zz 
<14 

<14 

<14 

<14 

< 14 

<14 

< 14 

144 

<14 

<14 

<14 

<14 

<14 

< 14 

165 

< 14 

15 

16 

<14 

<14 

<14 

<14 

<14 

<14 

< 14 

<"14 • 

198 

135 

90 

48 

<14 

<14 

<1-1 

196Z 

108 

900 

<14 

< 14 

17 

<14 

<14 

<14 

... 

Z60 

zz 

31 <14 

48 <14 

31 < 14 

16 57 
__ -;; 18 

<14 

87 

< 14 

<14 

<14 

<14 

<14 

1965 

<14 

<14 

<14 

<14 

<14 

a Six analyses, Gross beta reported 3/58, 1270 ~i/1: 5/58, 189 I;Ci./1, 

6/58 14 P:i/1. 

The maximum concentration of plutonium in water in the allu-

vium was 180 pCi/1 from hole AC-4 in May of 1959. Gross beta 

-ss .. 
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Station 

Ra_d-iochemical Analyses of Water in the Alluvium 
19]0 through 1972 

(Average of a numb·e·r· .of analy.s.e.s _in pCi/lJ .... 

PQ ... 4B Hamilton 
. Bend spr, P0·4A 

No. of Analyses . 3 1 4 

1 
6 

.OS 

.06 
350 

4 
10 

350 

2 
6 

.os .os 

.OS .06 
350 

P0,3B 

5 

1 
6 

,08 
.06 

350 

Gross alpha 
Gross beta 
Plutonium 238 
Plutonium-239 
Cesium-137 
Tritium 1,100 

1.2 
1,100 1,200 15,000 

Total Uraniuma 0,5 1,1 0.7 

a Micrograms per liter. 

Effluent from the Bayo Plant covered the return flow from Otowi 

Seep. Radiochemical analyses from the three stations were back

ground with the exception of trace amounts of plutonium-239 and 

tritium reported in one sample from P0~4A and.Hamilton Bend Spring. 

D. Radiochemical analyses of Sediments 

Samples of sediments have been collected in Acid and Pueblo 

Canyons from .1954 to the present to determine the amount of ad

sorption of radionuclides with the sediment materials. 

Particle size distribution of the sediments at stations are 

shown on the following table. 
• 
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Particle Size Distribution of Sediments 

--- ""**'' 
Grade 

Distribution • (Percent by weight) 

Granules AC-4 Acid Weir PC-1 PC-5 PC-7 PC-9 Rd. 4 

Sand 4.5 6. 5 3.0 10.5 5. 0 z.o 1.0 
Very Coarse 47.0 4Z.5 36.5 34.5 zs.o 10. 0 17.0 

Coarse 44.0 39. 5 50.5 37.0 31. 0 40.0 50.5 

Medium z. 0 6.0 7.0 11. 0 19.0 Zl. 0 19.0 

Fine 1.0 1.5 1.0 3.0 11.5 9.5 7.0 

Very Fine 1.0 1.0 • 5 1. 5 z. 5 6.5 z.o 
Silt and Clay . 5 3.0 1.5 3.0 3.0 11.0 3.5 

Sediments from the channel at AC-4 and Acid Weir were derived 

from the Bandelier Tuff. In Acid Canyon sediments from PC-1, PC-5, PC-7, 

PC -9 and at State Road 4 were derived from the Tschicoma Formation 

and Bandelier Tuff. Sediments from PC-9 and at State Road 4 may 

contain some reworked material from the Puye Formation. 

Samples of sediments collected from the stream channel in the 

period 1954 through 1961 when the industrial plant was in operation were 

analyzed for gross alpha and gross beta activity. , The gross alpha and 

gross beta activity increased in October 1958 due to a release of untreated 
t 

effluents. The gross alpha and beta activity was considerably lower in 

Pueblo Canyon than in Acid Canyon. In general the activity decreased 

with increased distance from the effluent outfall above AC-3. There is no 

apparent build up of radionuclides in the sediments in Acid Canyon due to 

the sediment transport by storm runoff which moves the radionuclide attache \ 

to the sediments downstream dispersing them over a larger area.. ,. 
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Gross Alpha Activity of Sediments from Acid and Pueblo Canyon 

1954 through 1961 (Analyses in picocuries per dry gram) 

Location 1954 1955 1956 1957 1958 1959 1960 ----- --
-AC-3 1600 Z600 34 390 Z900 360 lZO 

AC-4 3ZO 500 140 170 1600 zzo 67 

AC-5 190 lZO 64 5Z 100 57 

Acid Weir 34 50 48 

Pueblo 1 35 z 11 5 3 

PC-Z 16 3 6 9 3 

PC-4 5Z 3 41 

PC-5 9 ---- 4 11 

PC-6 4 4 9 

PC-7 54 z 5 

P0-4A 4 z 

Gross Beta Activity of Sediments from Acid and Pueblo Canyon 
1954 through 1961 

(Analyses in counts per minute per dry gram) 

Location 1956 1957 1958 1959 1960 1961 

AC-3 360 370 11,3ZO 990 1500 70 

AC-4 14Z 70 10,440 Z90 730 60 

AC-5 11 • 90 440 155 480 lZO 

Acid Weir 830 107 340 3650 

Pueblo 1 <1 ·1z0 so <1 1ZO 

PC-Z 17 lZO 7 40 zo 

PC-4 370 90 <1 

PC-5 <1 <1 

PC-6 60 zo 10 

PC-7 10 40 190 

P0-4A zo 70 <1 
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1961 

130 

40 

37 

zzo 
57 

zo 
10 

11 

10 

lZO 

33 



The radionuclides adsorbed on th~ sediments are also dispersed 

throughout the canyons by the intermittent .release of industrial 

effluents and sewage effluents released into the canyon. 

On November 24 and 25, 1965 a series of sediment samples from 

Acid and Pueblo Canyons were analyzed for gross alpha, beta~ and 

gamma activity. 

Radiochemical Analyses of Sediments, November 1965 
(Analyses in counts per minute per dry gram) 

Location Gross Alpha Gross Beta Gross Gamma 

AC-3 Z7 5 <1 

Acid Weir zz zo 6 

PC-1 1 19 16 

PC-5 1 6 <1 

_,ii 

• 

PC-7 3 <1 30 • 6 PC-9 3 3Z 

Road 4 4 9 14 

The gross alpha activity decreases downgradient while there appears 

to be no pattern for the distribution of gross beta and gamma 

activity. 
• 

On April 16, 1970 another set of samples \iere collected of 

sediment in Acid and Pueblo canyons. Analyses indicated residual 

gross alpha, beta, and plutonium-239 in Acid Canyon. In general 

concentrations decreased downgradient from the effluent discharge 

points. 
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• Radiochemical Analyses of Sediments, April 1970 
(Analyses in picocuries per dry gram) 

Location 
Gross Gross Gross 
Alpha Beta Gamma Pu238 Pu 239 

AC-4 41 11 7 0. 19 29.0 

Acid Weir 36 14 7 • 21 25.0 

PC-1 2 2 <1 <. 001 . 04 

PC-Z 8 2 2 • 08 4.9 

PC-5 8 12 <1 • 011 4.6 

PC-7 4 2 <1 <. 001 1.2 

PC-9 1 <1 <1 <. 001 . 40 

Road 4 3 4 <1 . 006 1.1 

Additional samples were collected and analyzed from two 

stations in 1971 and 1972. One of the stations is in the middle 

reach of the canyon (PC-6), and the other is at the above boun

dary discharge point at State Road .4. All theree analyses at the 

two stations show residual gross alpha, beta, and plutonium-239 

which was released into the canyon from the treatment plant prior 

to 1965. The plutonium is bound to sediments in the stream 

channel and is subject to transport as suspended or bed load rna-
• 

terial during periods of storm runoff. 

Radiochemical Analyses of Sediments 1971 and 1972 
(Analyses in picocuries per dry gram, except as noted) 

PC-5 State ROad 4 
5-7-71 10-14-71 1o-11-72 s .. 7-71 10 .. 14-71 10-11-72 

Gross Alpha 7 10 <1 2 4 <1 
Gross Beta 2 2 4 2 2 4 
P1utonium-238 .016 .007 .012 .006 .001 < .002 
P1utonium-239 2.93 2.20 2.55 .761 .391 .370 
Cesium-137 <·1.5 3.4 .... - <1,5 3.9 
Natural Urani'l.Dlfl 0.19 .22 .42 .12 .10 .32 
a micrograms per gram 



•· 

E, Inv~ntory of Plutoniti• in Ch•nn~l Sediments 

The four sections of the channel in the 'canyon considered • 

in the inventory are the section in Acid Canyon from the old out~ 

fall at TA-45 to the confluence with Pueblo Canyon, (0-480 m) and 

three sections in Pueblo Canyon from that point to the confluence 

with Los Alamos Canyon (480 to 10,280 m) as shown on Fig. 8. The 

physical characteristics of the four sections of channel are shown 

as follows: 

Physical Characteristics of Channel 
Acid-Pueblo Canyon 

1. 0 to 480 m (Acid Canyon) 
Width 1,5 m Depth 0.15 m 
Sp. g, 1.57 Weight 170 x 106 g 

2. 480 m to 2,600 m 
Width 2.5 m Depth 0.15 m 
Sp. g. 1,57 Weight 1,790 x 106 g 

3. 2,600 m to 6,800 m 
Width 2.5 m Depth 0.15 m 
Sp. g. 1.57 Weight 2,967 x 106 g 

4. 6,800 m to 10,280 m (Confluence) 
Width 4 m Depth 0.15 m 
Sp. g. 1.57 Weight 3,278 x 106 g 

The computation showed the concentrations and amounts of plu

tonium at each section of the canyon for February 1970 and October 

1972, and are presented in the fGllowing table. 

A. Acid-Pueblo Can Februar 
. oncentra t1on Total Pu % of 

Section Station J!Ci/g Ave mCi Total Pu 

0- 480 AC4 29.1 
Acid l1eir 24,8 27,0 4.6 25 

480 .... 2,600 PC-.2 4,98 
PC.:5 4.71 4.84 8.7 48 

2,600- 6,800 PC-7 1.15 
PC·9 .398 ,775 2.3 13 

6,800-10,280 pc ... 9 .398 
SR~4 1,14 .770 2,5 14 

Total .... 18.1 100 
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B, Acid~Pueblo Can:lon· ·coc·tober 

2
. "1972") . .. Concentration Total Pu \ of 

Section · Station . lJCi/ g '· Av·e ··· mCi · : Total Pu 

o .. 480 AP ... l z·. 5 
AP-..2 2,3 
AP.-3 6.9 
AP .. 4 so 
AP·S 13 
AP .. 6 12 
AP-7 11 14.0 2,4 21 

480~ 2,600 AP·8 2.1 
pc ... 5 2.6 2.4 4,3 37 

2,600~ 6,800 AP ... 9 .36 
AP--10 1.2 ,78 2.3 20 

6,800-10,280 AP·lO 1,2 
sR .. 4 • 37 ,78 2.6 22 

Total .... 11.6 Ioo 

The recap of the plutonium inventories in the canyon is pre

sented as follows, for comparison. 

Total Plutonium (mCi) 
Feb. Oct. 

Section (m) 1970 1972 

0- 480 4.6 2.4 
480- 2,600 8.7 4.3 

2,600- 6,800 2.3 2.3 
6,000-10,280 2.5 2.6 

Total 18.1 11.6 

The inventory in Acid-Pueblo Canyon indicates that form the 

outfall to the confluence with Los Alamos Canyon, in February, 1970 

only 18.1 or 1~\ of the 170 mCi of plutonium released into the can-
• 

yon remains in the sediments. In October, 197t, only 11.6 mCi or 

7% remained of the 170 mCi. The largest changes .occur in the upper 

sections of the canyon (0-2600 m) which contain the greatest amounts 

of plutonium. "The amounts in the lower section (2600 to 10,2~0 m) 

appear to be somewhat in equilibrium, with the input transport equal 

to output, for the two years of data the transport is about 3.25 

mCi per year. 
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F, Flood Frequency and Maximum Discharge 

Acid Canyon heads on the Pajarito Plateau at an altitude of 4li 
about 2,220 m and has a drainage area of about 0.8 km 2 , It is 

tributary to Pueblo Canyon on the western part of the Pajarito 

Plateau. Pueblo Canyon heads on the flanks of the Sierra de los 

Valles at an altitude of about 2,7400 m and has cut a deep canyon 

into the Pajarito Plateau. 

The flood~frequency and maximum discharge at the boundary are 

based on the following data: 

Drainage Area 
Main Channel Slope 

Frequency 
2-year 
5-year 

lQ .. year 
25-year 
SO-year 

22.3 km2 
-0.33 

Maximum-.Discharge 
(m3/sec) 

3.1 
7.1 

10 
17 
21 

VI DRAINAGE AREA V (LOS ALAMOS-DP CANYONS) 

Los Alamos Canyon drainage area extends to the drainage divide 

on the flanks of the Sierra de ·los Valles and enters the Rio Grande 

to the east near Otowi (Fig. 9). Major tributari~s are Pueblo Can

yon just east of the AEC boundary and DP Canyon near the center of 
• 

the plateau. DP Canyon is of prime importance, as an industrial 

treatment plant releases low level radioactive effluents j.nto the 

canyon. · The alluvium in the canyon is thin in the upper reaches 

and thickens eastward to about 20 feet near the eastern edge of 

the plateau. The alluvium is underlain by tuff in the western 
''\. 

and central part of the canyon and conglomerate and basalt in the~ 

eastern part, 
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In tbe upper reach on the flanks of the mountains, peren- ' 

nial surface flow occurs, A part is impounded at Los Alamos 

Reservoir and is used for lawn irrigation at parts of the Labo

ratory in a system that is independent of the municipal water 

supply. 

Surface flo~ in the canyon across the plateau is intermit

tent. There is some release of water from the TA-41 cooling tow

er and sewage effluent from TA~2 and TA~41. Storm runoff in the 

canyon during the summer may reach the Rio Grande. The sewage 

effluent, water from the cooling tO\\'er, and storm runoff main

tain, along with inflow of water in the alluvium from DP Canyon, 

recharge the water in the alluvium that is perched on the tuff 

(Fig. 9). As the water in the alluvium moves downgradient some 

....., 

• 

"'"~\. 

is lost to evapotranspiration while the rest moves into the under- • 

lying tuff, conglomerate, and basalt. The major area of loss of 

water in the alluvium occurs in the lower reach of the canyon on 

the plateau where the alluvium is underlain by conglomerate and 

basalt. Infiltration of water from the alluvium into the conglo

merate and basalt replenishes the body perched in the basalt in 

Pueblo Canyon. The water fr.om the perched zone discharges from 

the base of the basalts (Basalt Spring) in Los Alamos Canyon to 

the east (Fig. 9). 

DP Canyon heads·on the plateau and has a small drainage area. 

The canyon is tributary to Los Alamos Canyon near the center of 

the plateau. The alluvium in the upper reach of the canyon is 

thin or non-existent; however, in the lower reach of the canyon 

the alluvium thickens rapidly to about 6 m at the junction with 
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Los Alamos .Canyon, The canyon is cut into and underlain by 

• tuff, 

Initial disposal of liquid waste at TA-t-21 was into seep

age pits dug into the tuff near th~ head of the canyon, In 1952, 

a treatment plant was constructed and put into operation. The 

plant processed 7,5 x 103m3 of liquid waste are released into 

DP Canyon along with the sewage effluent. 

Treated sewage effluent is released into the canyon from the 

plant at the eastern edge of TA·21. The stream flow in the canyon 

is intermittent. Intermittent flow consists of industrial and 

sewage effluents and storm runoff. The industrial and sewage 

effluent maintains an intermittent stream which infiltrates into 

the alluvium in the lower reach of the canyon. Only during storm 

- runoff in the canyon does surface flow reach Los Alamos Canyon.: 

A. Sewage and Industrial Treatment Plants 

Seliage from Technical Area 21 is treated prior to release into 

DP Canyon at a plant near the eastern edge of the area. The oldest 

waste treatment or retention facilities for industrial effluents 

have been located at TA-21. Wastes have been handled by three 

different methods in the period 1943 through.l972. 

1. Sewage Treatment ~lant 

The sewage treatment plant treats and releases about 

30 x 103 m3 of effluent per year. The plant services the facilities 

at TA-21 and enters the canyon between sampling stations DPS-3 

and DPS-4 (Fig. 9). 

2. Seepage Pits for Industrial Effluent 

The seepage pits near Building 35 are the oldest used for the 

disposal of liq.uid wastes at Los Alamos. Wastes from the processing 
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Fig. 10. Seepage pits for industrial effluents. 
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of plutonium·at TA~21 were released into pits during the period . . 

jii 1943 to 1952, The use of the pits was discontinued in 1952 when 

a treatment plant (Building 35) was installed to remove plutonium 

and other radionuclides, The effluents from the plant are releas

ed into DP Canyon, a southeast trending canyon north of the pit 

area. 

The disposal area consists of 4 pits that are about 365 m 

long, 60 m wide and about 2m deep (Fig. 10). The pits are filled 

with about 1.2 m of sand, gravel and boulders with berms extended 

around the individual pits. Effluents were released through a 

distribution system into pits 1 and 2 and through overflow pipes 

into pits 3 and 4 respectively. In January 1967 the outline of 

the gravel portion of the pits was obscured by the growth of 

~ grasses and weeds and erosion of the berms. A new road has cover

ed part of Pit 1 and construction has destroyed some of the berm 

around Pit 3, 

The pits are probably excavated into Unit 3 of the Tshirege 

Member of the Bandelier Tuff. The lower part of this unit is non

welded tuff grading up into a moderately welded tuff which under

lies the pits. Joints are more numerous in the upper part of the 

unit due to the denser welding. Most of the joints are oriented 

vertical or near vertical. The total thickness of the unit is 

about 34 m. It is underlain by a moderately to densely welded 

tuff. 

The total thickness of the Bandelier Tuff underlying the 

mesa at Building 35 exceeds 240 m. The tuff is in the zone of 

areation; the top of the main zone of saturation is about 350 m 

below the surface of the mesa. 
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The amount of effluents released into the pits during the 

period 1943 to 1952 has beeri estimated to range from 7,5 x 103 

to 11 x 103 m3 a year, The concentration of plutonium in the 

effluents during this period has been estimated at 60 c/m/ml 

(counts per minute per milliliter) with an average fluoride con

centration (associated with the wastes) of 160 ppm (parts per 

million). In addition, 39.5 m3 of effluent highly concentrated 

with ammonium citrate was released 'into the pits from June 1951 

to July 1952. The plutonium concentration of this waste averaged 

about 7,000 c/m/ml and the fluoride concentrations were about 

200 ppm. 

Th~ pits were not used from 1952 to January 1965, Since 

January 1965, pits 1 and 2 have received an average of 280 m3 

• 

gallons a month or a total of 6.8 x 103 m3 of low level radioactive~ 

effluent from DP-East. 

A study was made in 1953 to determine the retention charac-

teristics of the tuff with regard to plutonium while another study 

was made in 1961 to determine the movement of plutonium in the 

tuff. 14 The results of these studies are summarized in the follow-

ing sections. 

a. Retention of P!utonium in the Tuff 

Five test holes were drilled in and around the pits in 1953, 

Material from the test holes was analyzed to determine the rela

tive amounts of plutonium and the ion exchange capacities of tuff 

adjacent to and underlying the pits, Location of test holes are 

shown in Fig. 10, The exact location of the TH-3 in pit 1 is un-

known. Plutonium and ion exchange capacities of the tuff are ~ 
shown in ~he following tables: 
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~ .... 

- Plutonium in Tuff from Test Holes, 1953 

TH~l TH ... 2 TH .... 3 
Depth Plutonium Depth Plutonium Depth Plutonium 

(m) (d/m/g)a . ·cml (d/m/ g)a (m) ... {d/m/g)a 

Surface 70 Surface 9 Surface 8 
0.6 4 0.6 3 0,3 400 
1.2 4 1.2 2 0. 6' 36,100 
1.8 4 1.8 2 0.9 45,600 

1.8 to 3.0 2 2,4 1 3.6 1,400 
3.0 to 4.3 2 3,0 4 4.6 5,000 

4.6 4 3.6 3 4,9 5,100 
4.3 3 5.2 720" 
4.9 4 s.s 24 
s.s 2 5.8 12 
6,1 3 6,1 12 

TH--1 TH-5 
Depth Plutonium Depth Plutonium 

(m) (d/m/g)a (m) (d/m/g)a 

Surface 410 Surface 32 
0.3 600 0.6 9 
0.6 10 1.2 8 
0.9 80 1.8 4 
1.2 3,400 2.4 3 
1.5 530 3.0 2 
1.8 80 3.3 2 
2.1 1,800 3.6 450 
2.4 40 3.8 1,510 
2.7 380 4.0 1,330 
3.0 2,400 

a Disintegrations per minute peT gram. 
b Angle hole, point of intersection with pit. 

Note: TH-1 an·d TH-2 are vertical holes in earth filled berm. 
TH-3 and TH-4 are vertical holes in pits. 
TH-5 is angle hole of 45 degrees extending under pit. 

Ion Exchange Capacity 

TH~3 at 5.5 m 0.7 milliequivalent per 100 gTams 
TH-4 at·l.5 m 3. 2 milliecpivalent per 100 grams 
TH-5 at 3.7 m 1.7 milliequivalent per grams 

It was concluded from the study that plutonium is readily retain

ed by the various earth media (clay, sand, and gravel) and that 
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Vertical or near vertical holes around pit 

Hole No. 

1 
1-A 
z 
3 
4 
5 

No. of 
Samples 

10 
10 
11 
11 
13 
7 

Depth 

(rn) 

23 
25 
28 
30 
30 
28 

a/ C t . oun s per m1nute per gram. 

Gross alpha• 
( Avg.) (Max.) 

z 3 
Z4 Z4 

698 3,7ZZ 
3 7 
1.5 z 
3 6 

Note: Hole DPW -lA angled at 11 1/ Z degrees toward pit 1 
Hole DPW -Z angled at 19 degrees toward pit 1. 

c. Observations January 1967 

(Min..) 

1 
9 

14Z 
z 
1 
1 

Effluents from DP-East have at times partially filled the 

"""" • 

shaft near Pit 1, thus creating a more localized point for infil- ,~ 
tration of liquids (Fig. 10). Test holes DPW~lA and DPW-3 contain 

ed some effluent at the time of observation, It is supposed that 

the water in DPW-3 moved down the outside of the casing from water 

ponded in the pit. Radiochemical analyses of water from these 

holes contained only background amounts of gross alpha and gross 

beta gamma radioactivity and no plutonium or uranium. Results 

of analyses of water for tritium shown below are approximations 

and are subject to revision. 

DPW-lA-- 462 dpm 
DPW-3 
Effluent running into shaft - 2,000 dpm 

A sample of weathered tuff collected beneath the gravel fill 

of pit 1 near the shaft contained 978 c/m/g (counts per minute per 

gram) of gross alpha radioactivity. 
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The January 1967 measurements· of hole DP\'hl show the effect 

• of the 1 ~ 9 million gallons ·o£. effluent from DP.,..East in which the 

maximum concentrations of water hive moved from a depth of 3~7 m 

(40 percent, August 1961) to 12m ·(41 percent, January 1967), 

The hole is next to the shaft, The moisture measurements in 

DPW-2 and DPW-5 show a general decrease in the moisture content 

of the tuff from August 1961 to January 1967, The indication is 

that most of the effluents released into pit 1 have moved down 

in the area of the shaft, a focal point for collection and infil

tration of effluents into the tuff. 

The studies have shown that the movement of the effluents 

in the tuff underlying ~he seepage pits is mostly downward be

neath the pits. The plutonium moves with the effluents and the 

data indicate that most of the plutonium is retained by absorp-

tion in the upper 6,1 m of the tuff. Some, however, may move to 

greater depths through open joints. 

The construction of a solid waste disposal pit in the area 

may necessitate the drilling of several holes to determine the 

amount of contamination present as well as the structure and lithop 

logy of the underlying rock. The number and depth of the holes 

would depend on the size, depth.and location of the proposed pit. 

3. Industrial Treatment Plant Bldg. 35. 

The industrial waste treatment plant at Bldg. 35 operated 

from 1952 to late 1967. The treatment plant was similar to that 
. 

operated at TA-45. The treatment was virtually the same, with 

plutonium and americium the major contaminates, Many wastes from 

this area contained high concentrations of inert salts that would 
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interfere with the usual treatmerit of plutonium and americium 

ment such as pressure type filters rather than gravity flow and 

some changes in filter media. 

A new process introduced at the plant was the treatment and 

disposal of sludges resulting from chemical and physical treatment. 

The sludge from the plant is fed through a pug mill that 

mixes the sludge with cement with the resulting slurry pumped into 

shafts adjacent to the plant. Other wastes containing high con

centrations of chemicals or radionuclides may be processed along 

with the sludges for disposal. The cement sets up, fixing the 

contaminants in the cement. 

The shafts 2.4 m in diameter range in depth from 5.5 to 

19.5 m. They are located in berm areas adjacent to old seepage 

pits (Fig. 11). The shafts are completed into the ashflow units 
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Fig. 11. Shaft disposal area fbr iludges fixed in cement . 
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of the Tshireg~ Member of the Bandelier Tuff, 

a,· Radiochemical Analyses ·of 1\i:ff from Test Holes and Shafts 

Samples of tuff were collected from the wall of shafts as they were being 

dug and analyses were made of moisture for tritium, 

Source 

Test Hole B-1 

Test Hole B-3 

Test Hole B-5 

Test Hole B-7 

Test Hole B -9 

Shaft 1 

Shaft 9 

Shaft 24 

Shaft 30 

Shaft 32 

Shaft 34 

Shaft 41 

Tritium Analyses of Moisture from Samples 

of Tuff from Test Holes and Shafts 

Average of a number of analyses 
Number of Picocuries per milliliter 
Samples Tritium 

11 88 

11 317 

11 183 

11 4336 

10 501 

10 5420 

6 1480 

4 4887 

3 5397 

2 1306 

8 2192 

7 495 

The tritium has moved with the moisture from the old seepage pits into the tuff. 

The tuff is not saturated. There is no free water, as the tuff has a larger 

porosity made up mostly of capillary size pores. \{here there is a moisture 

gradient, the moisture will tend to move to the lower moisture concen~ration by 

diffusion and capillary action. 
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5, Chemical Quality of Sewage and Industrial Effluents 

- Sampies of effluent from the sewage treatment plant were 

collected immediately below the effluent outfall for chemical 

analyses. The individual analyses varied slightly but were in 

the same general range in the few analyses shown. The effluents 

contained chemical concentrations as one would expect from sew-

age treatment plants. The effluents are similar to the Pueblo 

and Bayo Plants. 

Chemical Analyses of Sewage Effluent 

(Analyses i~m~/1 except ·where noted) 

Determinations 12-5-67 5-5-69 8-5-69 

Calcium 20 16 16 

Magnesium 12 4 7 

Sodium 160 230 175 

Carbonate 0 0 0 

Bicarbonate 280 394 190 

Chloride 35 50 35 

Fluoride 3 z 4 

Nitrate /I .9 1.3 13 

Dissolved Solids 383 458 442 

Total Hardness 100 55 70 

Specific Conductance•/ 580 • 800 520 

pH~~/ 7.5 7.4 8. 2 

·' .lUcrohms 

~I No units 

The chemical quality of effluent re,leased from the industrial 

plant varied due to the changing quality of water received, In 

general, the effluents released into the CRnyon were highly 
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mineralized ~s compared to natural occurring water in the area, 

The table sho'\'I'S one weekly composite collected during the first 

week of July for each year, 1960 through 1972. 

Chemical Quality of Industrial Effluents a 

(Analyses i~ mg/~ except where noted} 

1960 1961 196Z 1963 1964 1965 1966 .1967 1968 19691970 1971 197 

Calcium 

Magnesium 

Sodium 

Carbonate 

Bicarbonate 

Chloride 

F: Fluoride 

Nitrate (:i) b 

Total Hardness 

4 1 2 4 4 44 64 56 

2 1 <1 1 1 1 2 10 

532 48S 423 272 413 195 270 690 

314 560 428 118 690 315 1740 130 

478 626 558 296 920 430 2036 210 

370 405 234 290 665 45 178 598 

60 140 20 30 140 0.9 15 15 

67 25 5 10 26 13 104 23 

16 7 6 12 15 115 170 180 

22 

<1 

280 

37 

212 

72 

11 

15 
54 

8 26 

<1 29 

340 270 

300 300 

505 420 

40 113 

44 7 

34 11 

20 185 

8 

z 

490 6£ 

Z60 1 J 

910 7~ 

55 

ZC' ,,,, 

4,.C 
30 

Conductance c 1600 4000 1860 I 2000 5600 1880 4400 3200 900 2140 2260 2240 7.7 

piP 11. 3 11. 8 11. 4 10. 9 12. 1 11. 7 12. 0 11. 4 9. 8 11. 5 11. 5 1 o. 3 8 

a Weekly Composite 1st week of July of year noted 

b Micromhos 

c No Units 
d n X 4.4 = N03 

• 
6. Radiochemical Quality of Sewage and Industrial Effluent 

Radiochemical analyses was made of effluent from the sewage 

treatment plant. The samples were collected below ~he effluent 

outfall. Traces of americium were found in the samples collected 

on 8-5-69 and 7-16-70. The presence of trace amounts of ameri-

cium and plutonium may be due to some contamination getting into ~ 

the sewage collection system from laboratories at TA-21 process-

ing or working with these isotopes. 
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Radiochemical Analyses of Sewage Effluent 

J.Analyses in picocuries per liter) 

Determination lZ-5-69 5-5-69 8-5-69 Z-16-70 

Gross Alpha 

Gross Beta 

Plutonium Z38 

Plutonium 2.39 

Americium Z41 

Radium ZZ6 

Tritium 

3 

14 

<;.OS 

<.OS 

<. lS 

·<50,000 

3 

zo 
<.OS 

<.OS 

< 50,000 

< z 
13 

< • OS 

< • OS 

. 07 

<50, 000 

3 

14 

8,000 

. 16 

• 14 

. 08 

The volume of effluent from the waste treatment plant at 

TA-21 has ranged from 6228 to 16,220 m3 annually. The major waste 

treated contained plutonium and a1nericium with some mixed fission 

products. 

Year 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965· 
1966 
1967 

Average Annual Concentrations Gross Alpha, Gross Beta, 
and Total Plutonium in Effluents Released 

Picocuries per liter 
Volume Gross Gross Total 

(m3) Alpha Beta Pu 

16220 20 
14400 76 76 
11520 88 88 

9436 120 • 100 
11690 68 65 
16170 66 64 

9987 58 56 
9138 .107 92 
8408 227 206 
9251 626 582 

11660 309 251 
12150 2800 174 

6228 26 ... - 181 
9594 140 103 

10920 93 81 
7832 290 290 
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Average Annual ConcentTations Gross Alpha 1 Gross Beta, 
and Total Plutonium in Effluents Released 

(Continued) • 

Picocuries per liter 
Volume Gross Gross Total 

Year (m3) Alpha Beta Pu 

1967a 3509 .. ~ ..,_ 22 
1968 11360 450 2700 140 
1969 13290 220 4700 120 
1970 10850 4700 140 
1971 9839 3100 72 
1972 8780 1800 148 

al952-1967 Bldg, 35 
1967-1972 Bldg, 257 

The average annual concentrations of gross alpha of the effluents 

released ranged from 26 to 626 pCi/1 during the period of record, 

For four years of record (1968-1972), the gross beta activity rang~ 

from 18 to 4700 pCi/1 while total plutonium for 21 years of re- ... 

cord ranged from 20 to 583 pCi/1. 

Average annual concentrations of tritium, cesium-137, strontium-

89, and 90 of effluents released from the waste treatment plants 

were availabl~ for select years . 

• 
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• Year 

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

Average Annual Conceritrations of 
7ritium, Cesium~137, and Strontium 89~ and 90 

' < 

Tritium 
120,000 
140,000 
170,000 
210,000 
170,000 
120,000 
200,000 
220,000 
240,000 
220,000 
170,000 
160,000 
320,000 
210,000 
180,000 
260,000 

420,000 

I 

Picoc~rie~ per liter 

Cs '137 

...... 

...... 

1,100 

Sr 89 

~-~· 

...... 

.,.. ... 

...... 

...... 

160 
43 
74 

Sr 90 

.,. 

-.. 
.. -

240 
61 

.120 

The annual amounts of gross alpha and plutonium were computed 

from average annual concentrations and volumes of effluents. 

Annual Amounts of Radionuclides Released with 
Effluents DP-West (DP-35 and 257) 

Mi1licuries 
Gross Gross Total 

Year Alpha Beta Pu 

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 

1.1 
1.0 
1.1 

• 8 
1.1 

.6 
1.0 
1.9 
5.8 
3.6 

34 
• 2 

1.3 

... 82 .. 

• 3 
1.1 
1.0 

.9 

.8 
1.0 

.6 

. 8 
1.7 
5.4 
2.9 
2.2 
1.1 
1.0 



Year 

1966 
1967 
1968 
1969 
1970 
1971 
1972 

Total 

Annual Amounts of Radionuclides Released '"i th 
Effluents DP-West (DP~35 and 257) 

(Continued) 
Millicuries 

Gross Gross Total 
· Alpha Beta _Pu __ _ 

1.0 
2.3 
5.1 
2.9 

~-

31 
65 
51 
30 
16 -... 

.9 
2,4 
1.6 
1.6 
1.5 

• 7 
1.3 

30.8 

B. Surface Water, DP Canyon 

Stream flow in DP Canyon is intermittent and is from the re

lease of sewage and industrial effluents. The effluents do main

tain some perennial flow in various sections of the canyon, how

ever, all effluents move into the alluvium in the lower reach 

• 

of the canyon. The effluents, except for periods of extreme pre- ~ 
cipitation, do not reach Los Alamos Canyon as surface flow, but 

move into the canyon as groundwater in the alluvium. 

There are four surface water stations in the canyon (Fig. 9). 

Due to the thin alluvium in th~ upper and middle reach of the can

yon, and the limited access in the lower canyon, there are no 

observation holes in the alluvium. A surface water gauging sta

tion was established at the mouth of DP-Canyon as a part of a 

study to determine transport of radionuclides in storm runoff. 

1. Chemical Quality of Surface Water 

The chemical quality of the surface water in the canyon re

flects the quality of industrial and sewage effluents released 

from the treatment plants. In general, the quality of water im-

proves as it moves down gradient in the canyon, The following 
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table presents the average chemical quality for each station 

by years, There has been a general improvement in th~ quality 

of effluents released into the canyon as seen by a general de~ 

cline of chemical constituents in surface water at DPS-1, The 

quality of the water improves down gradient in the canyon from 

DPS ... l to DPS ... 4. A general summary is sho,.,.n below, while the 

following table summarizes annual concentrations. 

Station 

No of .Analyses 

Sodium 

Chloride 

Floor ide 

. Nitrate 

Chemical Quality of Surface Water 
(average of a number of analyses in mg/1 

except as noted, 1967 through 1972) 

,. 

DP5-l DPS-2 DP5-3 DPS-4a/ 

19 8 7 26 

357 225 277 140 

161: ., ....... 74 85 79 

10.9 10.1' 12.1 7.4 

134 66 92 62 

Total Dissolved 
Solids 1175 708 657 695 

Ct:Jnducb.nceb/ 1560 860 1040 740 
• 

pHC 9.5 9.1 9.1 7.9 

a/ Analyses 1962 through 1972 

b/ Micranhos 
.c/ 

No Units 
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Quality of Surface Water at DPS-1, DPS-2, DPS-31 and DPS-4 

(Average of a number of analyses in zrg/1) 

·.....# • 
No. of 

103 Source Year Analyses ·Na Cl F 'IDS Conductance a pH b 

OPS-1 1967 2 630 410 9.5 104 1740 2440 9.7 
DP5-l 1968 3 670 215 23 381 1950 2730 10.1 

OP5-l 1969 2 375 92 32 53 1100 1700 10.7 
01?5-1 1970 5 241 140 6.0 118 878 1080 9.6 

OPS-1 1971 4 233 76 4.7 .62 893. 1110 9.3 
Ol?S-1 1972 3 206 137 2.5 88 932 1130 7.9 
01?5-2 1967 1 290 75 8.0 140 669 900 8.5 
01?5-2 1968 2 250 65 9.4 101 746 980 9.4 

01?5-2 1969 2 282 103 12.0 26 716 920 9.8 

01?5-2 1970 2 .. 188 85 13.0 48 714 920 9.1' 
OP5-2 1971 1 68 15 3.7 35 642 330 8.)11# 
OPS-3 1967· 1 310 85 10 28 799 -960 8.8 

OP5-3 1968 2 325 88 16 .:.so 676 1220 9.1 

DPS-3 1969 2 293 75 12 31 409 930 9.0 

OPS-3 1970 2 200 93 10 84 814 1000 9.3 

OP5-4 1962 2 143 134 15 ~0 771 745 7.4 

DP5-4 1963 2 132 U3 ·.· 13 41 742 740 7.5 

OPS-4 1964 3 109 106 5.6 57 734 983 7.8 

01?5-4 1965 2 110 109 15 40 656 910 7.8 

Dl?S-4 1967 2 253 103 1.7 145 757 990 7.9 

01?5-4 1968 2 200 85 6.2 )70 607 850 8.1 

DP5-4 1969 2 198 60 5.0 35 390 660 8.0 

OP5-4 1970 4 103 45 11 18 464 550 8.5 

OP5-4 1971 4 .113 47 s.o 36 531 530 7.8 

.. "DPS-4 1972 3 . 214 58 4.1 30 493 600 8.0 

a/ Micrat\b:)s 
'"11;,\ 

b/ Ho Units • 
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Select trace metal ion analyses \-Jere made of water fran~ 

stations, DPs-l and DPS-4 in 1971 and 1972. They indicate sare trace metals 

in t}"l.e surface water o 

~.etal Ion Analyses 

(range and average of 5 analyses in ll9/l) 

Station DPS-1 DPS-4 
Min Max Av Min ~..ax Av 

.. 

In solution 

Cadmium Oo8 13.2 6.9 0.4 7o2 3o6 
Beryllium <0.25 0.48 Oo30 < .25 < .25 
Lead <1.0 5.0 1.8 <1.0 5.0 1.8 
V.sercury <0.02 0.~2 0.09 < .02 < .02 

Particulates 

Cadmium < .25 .89 0.43 < .25 .so 30 
Beryllium < .25 <.25 < .25 < .25 
read <1.0 5o2 2.8 <1.0 4o3 1.8 
l-Jercury <0.02 O.ll 0.04 < .02 < .02 

2 o · · Radiochanical. ·QUality ·of surface ~7a.ter 

Radiochemical analyses of surface water fran 1961 through 1965 

:indicated . sane Gross beta and plutonium in at DPS-4 ftan the treatment plant 

at Building 35. Analyses fran 1967 th:rouqh 1972 sb:lw a general decrease in 

the ooncentration of radionuclides down gradient in the canyon. 

Gross Beta and Plutonium in SUrface Water at DPS-4 
(average of a number of analyses in picocuries per liter, 1961-1965) 

No. of Gross 
Year 1\nalyses Deta P1utoniur.t 

1961 2 91 <0.5 
1962 3 139 <0.5. 
1963 2 197 0.7 
1964 3 71 0.9 
1965 3 so Oo7 
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DP CA:IYO. 

... SUUACI FLOW SAtiPI.lMC sxns 
UDlOCREMlCAL QUALITY OF VATI1 

'\ 

SOURCI YEAR MAX• I ClOSS ClOSS 231 239 U1 226 234 U7 90 ) ))6; 
SA.'iltll ALPHA lETA •• •• ,.. •• u c. sr II l= .. 

DPS•1 1?67 1 '] 51700 3.17 76.10 1.2!1 -.15 32.10 34000 '-8600 ~4201)0 .O?l 
DPS•1 1961 3 J4 14307 4.25 28.12 4.52 .17 56.30 13400 11360 200~ .021 .. DPS-1 1969 3 u 2060 5.55 9.11) 3.58 .24 32.63 .3490 800 430 .021 
DPS•1 1?70 .5 7 1202 .11 2.20 1.19 -.15 12.33 692 568 407. .02) 
DPS•1 1971 4 22 1392 1.16 2.07 .. , -.15 12.31 1203 716 3S6 . , )~ .. DPS•1 1972 3 u 2469 .32 .5.61 .33 -.oo -.on _,, 

396100 7.10C 

DPS-2 1967 1 4 6690 • 31 2.70 .u -.15 . .. , 2740 .5810 660 .021 .. DP5•2 1968 2 7 469.5 .30 2.10 • 82, -.15 11.70 3165 2620 413 .021 
DP5·2 19U 2 22 lOSS 2.29 3.64 1.70 -.15 57.30 2260 350 670 .o 21 
DPS•2 1970 2 I 990 1.14 1.33 .sa -.1.5 26.45 480 534 381 .02: 

' 
DPS•2 1971 1 .5 640 .5.A4 .72 .25 -.oo 2.11 523 376 1H .o 21 
DPS•2 1972 -.oo -.oo -.on -.on -.oo -.01)1 

... DPS•) 1967 1 .5 290 .21 .77 -.os -.15 9.30 310 2260 m"i DPS-3 19611 2 6 1525 .43 2.63 1.42 .18 16.20 1445 3180 
DPS-3 1969 2 19 941) 3.1J5 4.23 1.on -.15 . 5&.1n .530 500 14( 
DPS•3 1970 2 24 us 1.40 1.09 • u -·.15 18.60 39.5 4.53 45~ ... DPS-3. 1971 -.oo -.oo -.on -.oCI -.on - I 
DP5•3 197~ -.oo -.oo •.on -.oo -.oo - •• (I 

DPS-4 196f 1 -2 uoo .13 .u -.os .35 z.os -240 632 410000 -.ot> 
Dl'S-4 1968 2 6 625 .09 .oa .oa .17 3.35 -240 435 476000 - .oo 
DPS-4 1969 4 2 411 .44 .52 .35 -.15 2. 71 -243 380 3"250 -:;..00 
DPS-4 1970 4 1 457 .13 .21 • zn. -.oo 1.53 -234 233 162150 •• o c 
Dl"S-4 1971 4 3 370 .11 .13 .oa -.on 1.72 -306 315 103250 .6C 
DPS-4 1972 3 2 609 .11 .27 .25 -.oo -.on -354- 172SOO 3.30 

Di"~-1 1967 1 3 14 -.os -.os -.on -.15 -.oo -scooo -.oc 
Dl'S•E 1961 - - -.on -.oo -.on -.on -.oo -.oo .... DPS•E 1969 2 2 17 -.os -.os .07 -.oo -.oo -5000:1 •• o:: 
D?S•E 1970 1 3 14 ... .16 

~ 
..• 14 .oa -.oo -.oo sooo -.oc 

DPS•I. 1971 -.oo··· • -.oo -.oo -.oo -.oo -.oc 
DU•I. lt7Z -.oo -.oo -.oo -.oo -.oo -.c~ 

... 

• 
,.... . 

. ' 

.. 
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c. ·surface ·water i ·ros Alanos Canyon 

los Alarros Canyon heads on the flanks of the nountains anc:J. has a 

snall perermial stream and a spring that feeds into the reservoir. SUrface 

flow below the reservOir is intenn:ittent due to overflow fran the reservoir and 

storm runoff. Small amounts of waste water are released fran TA-2 and sane 

treated sewage effluent from a treatrr.ent plant near TA-41. Due ·to only inter

nd.ttent flCM below the reservoir, sanples are collected when flow occurs in 

this reach of the canyon. 

· ·1~ · · · "Chenical. ·OJality ·of ·SUrface ~7ater 

water samples have been collected and analyzed fran above and at 

the reservoir. The following table presents results of sane of the earlier 

analyses. 

~ty of SUrface water at and 

Los Alarrcs Reservoir 

. : J:ti.lligrams per liter 

Date Sodium 

6/7/61 y· 3 

6/12/58 y "3 

10/1/52 y 3 

!f 1.1 Mile abJve Reservoir 

y 0. 2 Mile above Reservoir 

y Reservoir 

Chloride Fluoride 

1.0 0.1 . :· .. · . 
1.2 .4 

5 2.0 
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Nitrate COnductance 

.2 65 

.3 . 80 

<.1 

EH 

7.4 

7.1 

8.0 



later analyses ~rom 1967 through 1972 are shown below. 

Quality of '\'later in los Alanos Reservoir • 
(Analyses 1967-1972 in mg/1 except as noted) 

Dissolved 
pHb Date Sodium Chloride Fluoride Nitrate Solids Conductance a 

12/67 8 3 .2 .4 80 120 7.3 

4/69 6 2 <.1 .4 85 110 7.3 

5/71 7 <1 <.1 .4 110 140 7 .·1 
\ 

5/72 7 2 <.1 .4 98 140 7.0 

" 
a· Microrrhos at 25° C I 

b No units 

'lbe stream flow in the canyon belG\f the reservoir is intenni.ttent. 'lhe folla.v-

ing table lists miscellaneous analyses taken in this reach of canyon. ....l 
Intermittent Stream Flow 

(Analyses in nq/1 except as noted) 
Dissolved 

pHb Date ·Sodium Chloride Fluoride Nitrate Solids Conductance a 

5/67!1 38 28 <.1 .9 180 210 7.5 

8/69!1 79 26 .5 2.2 250 280 7.7 

12/67!1 70 35 .3 13' 260 290 7.6 
....... 

8/57¥ 12 4 1.2 • 2.3 240 7.6 

4/5r#/ 9 5 .6 2.2 130 7.5 

6/58y 19 11 .4 5.2 210 7.7 

y Near obs. l'le11 IN>-1 

2/ Near Obs. Well IN>-4. 5 

3/ Flood Flow. at Highway 4 .. y Snow melt at Highway 4 

a 
~crorrhos at 25° C 

b No Units -39-
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2 • Radiochanical Analyses of Surface Nater 

Radiochanical analyses of surface water fran sources other than 

sto:rm nmoff are shown on the following table. The analyses only reflect back

ground radioactivity except the tritium concentration at IA0-4.5. The surface 

flow at IA0-4.5 is return flow from the alluvium and the tritium is fran the 

effluents in DP-Canyon. 

Radiochsnical Analyses of Surface Water in los Alam:>s Canyon 

(Average of a number of analyses in picocuries per liter except as noted) 

No of Gross Gross Total y 
Source Analyses Date Alpha :Beta 238Pu 239Pu 3H Uranium 

Reservoir 1 1971 2 2 <.05 <.05 <.4 
At LA0-1 3 1969 <1 17 <.05 <.06 <lxl03 .7 
At LA0-1.8 1 1964 <1 4 <.05 <.05 1.5 
At LA0-4.5 1 1967 <1 18 <.05 <.05 160xl03 1.1 

1/ lJg/1 

D. Water in Alluvium, I.os Alanos Canyon 

' The alluvium in the canyon ranges fran about 6 ft thick at IAO-C 

to ab:>ut 20 ft at IA0-5. The alluvial aquifer is recharged fran the release . •· .. 
of sewage effluent fl:om TA-41, cooling water, and intermittent sto:rm nmoff • 

. Recharge also ITOVes into the aquifer fran the alluvi\nl\ at the ncuth of DP 

Canyon. There are 9 shallow observation wells in the Canyon (Fig ) • 

1. Chemical Quality of 'tf7ater in Al1uvi\nl\ 

The chemical quality of water fran wells in the alluvium fran test 

holes LAO-<:,. IA0-1, and LA0-1.8 show concentrations of chemical constituents 

alx>ve \vhat w::>Ul.d be expected in natural water. . These concentrations are due 

to runoff fz;an stonn drains and probably outfalls from Technical Areas, HRL, 

TA-41, and TA-2. 
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Quail ty of l•7ater in Alluvium ...,., 
(Average of a nurrber of an.alyses in m::r/1 except as noted) • 

No. of Dissolved a 
Source Analyses Sodium Chloride Fluoride Nitrate Solids Conductance pH 

IAO-C 7 39 47 0.5 J.6 223 265 7.5 
IXJ-1 22 80 38 0.8 "4.4 356 415 ·- 7.4 
IAC>-1.8 2 47 30 < .1 .4 203 245 7.4 

IAC>-2 18 96 49 7.1 17 461 535 7.6 

LA0-3- 20 126 52 6.6 is 370 515 7.6 

LA0-4 10 68 38 1.4 9.2 280 340 7.4 

LAC:r4.5 14 47 30 0.3 1.7 261 270 7.3 

IA0-5 6 36 36 0.4 .1.3 215 240 7.3 

IA0-6 2 so 30 0.3 . . .4 2ll 270 7.4 

a lJI'[lhos 

The following table presents an armual recap of certain chemical consti

tuents from ·1967 through 1972 for each test hole. In general there were slight chemical 

changes at each station during the years 1967 ~gh 1972. The quality of the \vater 

at IA0-2 reflects the inflow fran DP-Canyon which re::eives industrial effluents. The 

quality of the water inproves down, gradient ~the canyon fran LA0-2 to IA0-6 • . .. . . ,_ 
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Q.Jality of ~7ater in Alluvium 

• (Average of a number of analyses) 

Millig;:ams per Liter l-U,hos 

No. of Dissolved 
Source Year Analyses Sodium Chloride Fluoride Nitrate Solids Conductance EH 
I.ro-C 1970 1 28 21 1.0 4.4 166 160 7.5 

rro-c 1971 2 37 46 .2 .4 249 190--- 7.5 

IAO-C 1972 4· 53 74 .4 2.4 253 345 7.5 

'U:D-1 1967 2 132' 32 .6 2.1 406 505 7.2 

IA0-1 1968 3 82 33 1.7 1,8 246 335 7.4 

IA0-1 1969 2 83 47 .3 1.8 295 370 7.3 

LA0-1 1970 4 54 26 .9 . 3.5 434 335 7.8 . 

IA0-1 1971 4 74 27 .6 6.6 414 470 7.3 

IA0-1 1972 4 75 so .7 5.7 . 397 475 7.4 

IA0-1.8 1969 2 47 30 < .1 .4 203 245 7.4 

~T.ro-2 1967 1 180 73 7.0 7.5 594 760 7.3 

-.,A0-2 1968 3 94 39 8.1 9.6 334 440 7.6 

INJ-2 1969 2 37 37 s.o 7.9 369 410 7.6-

IA0-2 1979 3 96 44 6.3 20 479 510 7.7 

LM>-2 1971 2 91 33 5.6 18 431 490 7.5 

IA0-2 1972 3 97 55 4.4 24 472 573 7.5 

LM>-3 1967 ·2 139 57 7.5 25 451 550 7.4 

IA0-3 1968 2 84 '.30 8.5 .4.4 . 362 405 7.6 

IA0-3 1969 2 llS 54 5.0 15 394 500 7.6 

IA0-3 1970 4 85 43 7.0 13 445 490 7.7 

LA0-3 1971 3 82 40 5.2 17 439 500 7.4 
• 

IA0-3 1972 4 109 69 4.9 _'";.7 484 615 7.5 

IA0-4 1967 2 100. 36 .6 7.0 294 360 7.3 

IA0-4 1968 3 66 31 1.5 1.8 285 315 7.5 

LA0-4 1969 2 65 35 2.3 .9 . 217 280 7.5 

IA0-4 1970 1 57 40 2.0 18 284 370 . 7.1 

IA0-4.5 1969 '2 58 32 < .1 .9 . 277 270 7.6 

~ 'A0-4.5 1970 5 38 32 .s 1.3 265 275 7.2 

IA0-4.5 1971 3. 36 30 < .1 3.9 280 255 7.3 

IA0-4.5 1972 4 55 27 .4 .9 222 270 7.5 

IA0-5 1967 1 42 28 .4 2.6. 208 240 7.2 
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Source 

IA0-5 

IA0-5 

IA0-6 

LAD-6 

No. of Dissolved 
Year Analyses Scxlium Chloride Fluoride Nitrate SOlids Conductance EH 

'''"' 1968 2 17 25 .a .4 224 250 7.~~ 
1969 2 52 33 < .1 .9 210 240 7 •• 
1968 1 49 26 .5 < .4 227 295 7.4 
1969 1 51 33 .1 .4 195 250 7.3 

water fran 5 observation wells were analyzed for metal ions in 1971 and 

1972. The average is presented in the following table. In general, the metal 

ion concentration increase~~below the confluence with DP Canyon due to the re-

charge consisting partly of efflueilts fran the Industrial Treatment Plant at 

TA-21. 

Metal Ion Analyses of Water in Alluvium 

(Average of a number of analyses illllg/1) 

Source I.AO-C t.ro-1 I.A0-2 I.ro-3 IA0-4.5 

No of Annlyses 
In SOlution · 

4 5 4 5 4 
C"admi.um . 2.1 4.5 3.7 2.6 2.8 
Beryllium . < .25 < .25 < .25 .27 < .25 

lead 
.. ' 4.8· :· .. 1.3 4.8 1.9 <1.0 

P~~te < .02 .07 < .02 .38 < .02 

·~ 

-·--caclml.um 2.1 .65 1.35 1.30 .55 
Beryllium- 1.7 < .25 .78 .77 .42 

22.6 • 10.7 10.2 12.3 13.2 Lead 

Mercury .u .07 .5 .04 '< .02 

2. Radiochemical Analyses of lvater in Alluvhm 

The earlier· analyses 1 1966 and 19681 are shown on the following 

table. Traces of radionuclides were reported in the canyon. 
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• Radiochemical Analyses of Water in Alluviun 1966-1967 

(Aver~ge of a n'l.ln"l::er of analyses) 

Picocuries per liter 1.19:/1 
NO, of Gross 'l'otal 

Source Year Analyses ·i Beta Plutonium Uranium 

I.A0-1 1966 3 17 <.5 < .5 

IA0-1 1967 1 113 <.5 < .5 

I.A0-2 1966 2 32 .6 < .5 

U\0-3 1966 3 32 <.5 2.6 

U\0-4 1966 2 \ <14 <.5 < .5 

IA0-4 1967 1 15 <.5 < .s 
U\0-5 1966 1 <14 <.5 < .5 

The recap of radiochemical analyses from 1967 through 1972 are presented on the 

c following table. The increase in radionuclides is noted at rro-2 where the in

dustrial effluents fran DP canyon recharge the water in the alluvium. As in DP 

eanyc)n, the concentration of radionuclides decrease downgradient due to ion ex-

change and adsorption with alluvial materials and dilution with water novi.ng 

through the alluvium. 
. . . . ~ 

• 
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SOURC! 

t.t.O•C 
LAO-C 
l.AO-C 

LA0•1 
LA0-1 
LA0-1 
LA0•1 
LA0•1 
LA0•1 

l.A0-1, 2 
LA0-1,2 

LA0•1.8 

LA0-2 
L.t.0-2 

. LA0•2 
LA0-2 
LA0-2 
LA0•2 

LA0-3 
LA0-3 
LAO•l 
LA0•3 
LA0•3 
LA0-3 

LA0-4 
LA0-4 
LA0•4 
LA0•4 

LA0-4,5 
LA0-4,5 
LA0-4,5 
LA0•4,S 

LA0•5 
LA0-5 
LAO•S 

LA0-6 
LA0-6 

LOS ALA.'fOS C:A:t!OII 

ALLCVI~ AQUIF!t OIS!KVATIOII VELLS 

J.A'DIOC:HEKIC:At. QUALITY OP VATER 

YEA:a MAX• I 
. 
CROSS CROSS 238 239 241 226 234 137 90 3 

SAMPLES ALPHA :UTA Pa , .. A a Ia v C:a Sr IL. 

1970 1 -1 • -.os ._,05 -,01) -.oo -.oo -1000 
1971 2 -1 ) -.os -.o5 -,01) -.oo -.oo -345 -1000 
1972 4 -1 s .06 ,07 .13 -.on -.oo -3,3 '-1225 

1967 1 -1 so -.os -.'lS -.on .19 -.oo - -1968 3 3 37 -.os .na -.os .16 .32 -240 -1969 3 -1 36 -.os ,06 -.n., -.oo -.oo 
1970 4 -1 76 .05 -.oo -.01) -.no -.oo - ---1971 4 1 94 .os .27 -.oo -.oo -.oo -345 20750 
1972 4 1 127 .17 .11 -.o5 -.on -.oo -354 19575 

1969 2 1 5 -.os -.o5 -.oo -.no -.oo 
1970 1 -1 , -.os -,05 , -.oo -.oo -.no ft 

1969 2 1 5 -.os -.os -.oo -.oo -.oo -
191H 1 -1 91 -.os -05 -.on .30 -.oo - . 
1961 ) 3 S9 -.o5 . 06 -.o5 -.1S -.oo -250 -1969 2 1 77 ,10 .60 . -.Oil -.oo -.oo - -1970 ) -1 ao -.os .14 -.oo -.oo -.oo -250 -1971 2 1 101 .1S .33 -.oo -.no -.oo -340 52000 
19 72 ) 2 188 ,09 .19 .12 -.oo -.oo •354 153300 

1967 1 "l 45 -.ol • OS -.oo ·l' -.oo 21£000 
1961 ,' 3' ' .. 61 .o .oa -.05 • 4 -.oo oo240 125667 
1969 

. 2 .. 2 . 49 ... os 0 06 -.oo -.oo -.oo 350000 
1970 • 2 56 -.os .01 -.oo -.oo -.oo •230 73000 
1971 ) 3 " .07 .01 -.oo -.oo -.oo 333 37667 
1972 4 3 n .10 .15 -.os -.oo -.oo •3" 186850 

1967 1 -1 9 -.os .06 -.oo -.oo -.no 222000 
1961 ) 5 16 .05 .05 -.o5 ... 1S -.oo -240 61000 
1969 2 -1 9 -.os -.os ... oo -.on -.oo sssoo 
1970 1 -1 10 ... 05 -.o5 -.oo ... oo -.oo 66000 

1969 , -1 s ... os -.o5 ... oo -.oo -.oo 43000 
1970, 5 1 26 ,06 .07 -.on .. ,110 -.oo 77750 
1971 ) 1 5 .07 ,01.1 -.oo -.110 -.oo - 24000 
1972 ·4 2 10 ,09 .06 .05 -.oo -.oo .. ,, 2817S 

1967 1 oo1 • -.os ... 05 -.01) ... oo -.oo .. 126000 
1961. 2 1 • ...os • 09 -.os -.15 -.oo ·240 70000 
1969 2 oo1 5 -.os -.os -.on -.oo -.oo SBOO 

1961 . 1. 2 11 .17. .25 -.on -.15 -.oo -240 75000 
1969 1 -1 7 -.o5 •.... _-.os -.01) -.oo •.OC{ -240 51000 

• 
E~ Stcnn Runoff DP It:>s Alarros Canyon 

A gaging station was constructed at the rrouth of DP Canyon in the 

Spring of 1967. A secord gaging station was established on It:>s Alarros canyon 

above the junction with DP canyon in the Spring of 1968. The foll0\'1in9 table 

presents a recap of flow events from 1970 through 1972 at each station. 
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Stann Runoff at DP-Canyen Gaging Station 

No. of 
Year Month. Events 

1970 April 7!1 
May 1 

June 5 

July 5 

Aug 9 

Sept 4 

1971 April 1 

July 9 

Aug 3 

Sept 4 

Oct 4 

Dec 1 

1972 July 3 

Aug 4 

Sept 4 

Oct 2· 

y Snownelt (7 day) 
.. :· , 

Sto:r.m Rurx>ff at IDs Alarrcs Gaging Station 

Year 

1970 

Month 

April 

June 

July 

Aug 

Sept 

l ~. f,9?t }' ~July 
a ,. I i !(~. , )ll, ·· 1) · . 

.)'lli~H :: • "I. "rt ,jj, ;,:. :t:l1. u .1:' f.Ji . l I 
jl!l!l.h , '. · .• n .• ~~ ".•l!_' f-~~. '' .. ~·.·'l·_~,,., ) J ·M·I J ~ · ~~ 'I ~ ' · 1 ' n "' l ~11 "~'· l I t:tfl~~~ I ).' 'il ~·· ''1 jl I >Jtt J, >.' w 
~-Lil:. ' ! .I 'JI ''. I ,Y, ,, 

/il>i ~ 

1972 Sept 

a/ 17 days of snowmelt runoff 

N:». of 
·Events 

17a; 

3 
_:_4 

9 

8 

5 

1 

2 

4 

Total Discharqe 
m3 

5300 

615 

2220 

3945 

11590 

2465 

125 

22200 

11590 

6660 

10230 

6040 

740 

1480 

46000 

50500 

. Total Disc"'""-e 
m3 

....... '::1 •·· 
. .• 

44000 

2465 

6290 

51800 

9600 j 

13600 
I 
I 

615 

\ 1970 

37000 



2, Transport of radionuclides in stem runoff 

A stu:ly to detenni.ne trans:p:>rt of radionuclides in storm runoff was 

made at DPS-4 at the rrouth of DP Canyon {Fig, 9} , 

Storm Runoff and Transport of Radionuclides in DP Canyon, Los Alanos 

Co ty N. Mexi' 15 'lm , ew co. 

ABSTRAcr 

Effluents from the waste trea:bnent plant at Los Ala:m::>s Scien
tific Lal:x:>ratory's Technical Area 21 are released into DP Canyon. 
'Ihe radionuclides remaining in the effluents are bound to stream
channel sedirrents which are later carried out of the canyon by 
stolJll runoff. 

A stu:ly was made to detenn:i.ne the runoff volume, the suspended
se:iin'ent load, and the anount of radio-activity carried out of DP 
Canyon by stolJll runoff. During the sunmer of 1967, precipitation 
resulted in 23 runoff events that carried ~as 000 kg of suspended 
sed:im:nts out of the canyon in ~36 800 m3 of water. Less than 

....., 

• 

74 lJCi of gross alpha emitter and~ 40 100 'IJCi of gross beta were 
carried out of the canyon in solution. The suspended sediments 
carried out~70 lJCi of gross alpha emitters and :::::::11 300 lJCi of gross . _l 
beta emitters. About 31 000 llCi of 90Sr left the canyon in solution, 9 
as did traces. of 2 3 8Pu,_ 2 3 9Pu, and 2 1+ 1Am. · 

Cumulative sanplers to collect sanpl~ of sto:cn runoff (water and suspend

ed sediments) were installed in the wall of the gauging station at DPS-4 in 

1967. Sanples were collected of the rtmoff events during the sumner of 1967 

and 1968. The chenical quality of the water is shown on the follc:Ming table. 

Olenical Quality 6f Storm Runoff 
(Average of a mll!tler of analyses, 1967 and 1968) 

Year An~:i~~ Na Cl. F NJ3 '1m Conductance EH 
1967 14 103 47 4.5 13 354 490 8.6 

1968 10 125 38 4.1 6 343 550 11.6 

Fadiochemica.l analyses of surface nmoff for the similar period are presente:i 

on the follc:Ming table. 'lhe analyses indicate that some radionuclides are 
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•• 
SOURCE 

~· 

being tra,nsported. out of the canyon, 

YEAJI MAX• I CROSS 
SAHPUS ALPHA 

CROSS 
UTA 

1IP CAIIYO• 

SUIIPACI FLOW ;AMPLIIIG SITIS 

JIADIOCHIKICAL ~UALITY OF WATIJI 

(FLOOD FLOW COIIDITIOIIS) 

231 
ru 239 

r • 
241 226 

Aa la 
234 

IJ 
137 

c. 
90 

51' 
3 • 231 

u 
1967 
1961 

10 
1S 

-2 
4 

1089 
770 

.16 
.• 3S 

• L9 
1. 11 

.21 -.u 

.91 . -.lS 
1.09 -240 
3.44 . 321 

en 
444 

- -.ooo 
- -.ooo 

T.race concentrations of radianuclides were detected in solution of the 

runoff at DPS-4, thus indicating the trans~:rt of radioactivity out of the 

effluent release area. 

In 1968, cumulative sanplers were installed in the stream channel :in los 

Alanos Canyon, one above the jm1ction with DP Canyon and three belCM the jtmc

tion. The runoff was collected fran four events; however, plugg:ing of the in-

take on sarce of the samplers during an event caused loss of sarrple for that 

station. The sarrples were collected to see if a measurable .:~rrount of radio-

activity carried out of DP Canyon diluted with runoff in Los Alarros Canyon could 

be detected. 

The average of a nurcber of water sanples fran cunulative samplers at the 

four stations :in los Al.ancs are shcMn on the follc:Ming table for the year 1968. 

'lhe locations are sl'x:Mn on Fig. 12. 

Average of a number analyses ~ (pioocuries per liter) 
Number of Gross Gross 

238Pu 239Pu Source Analyses Alpha Beta 

IAS-1 4 <2 12 .oa .10 

I.AS-2 1 <2 220 <.OS .19 

I.AS-3 4 <2 288 <.OS .12 

IAS-4 1 <2 830 .12 .17 
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Suspend~· sediments fran the runoff were also analyzed and are shown 

on the following table for the. year 1968. 

Source 

IAS-1 

IAS-2 

IAS-3 

IAS-4 

l~ of Sarnoles 

4 

1 
' .. :· . ~ 
4 

1 

Average of a number of analyses 
Picocuries per cb:y gram 

Gross Gross 
Alpha Beta 

5 

6 

"9 

13 

5 

52 

38 

92 

The results indicate that measurable arrounts of radionuclldes are found 

in solution and in the suspended sed.i.m:nts in I.os Al.airos canyon, having been 

carried out of DP canyon. 

A series of sanples were collected of storm runoff with a DH-4 8 sediment 

sanpler at the gauging statim in Los .Al.arros and DP Canyon in the surmer of 

1968. The sanples were collected at intervals throu;h an event. 'lhe discharge 

and sediment concentrations were determined. The fluids were separate:i from 

the suspended sediments and were analysed for gross alpha and gross beta activity. 

'!he investigation was made to de~ if sed.irrent and radioactivity change:i 

with time through a runoff event. '!be :follc:Ming tables recaps the data. 
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Fig. 12. Channel bed sedimen~·sampling stations in DP-Los Alamos 
Canyons. 
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DP Canyon, July 30, 1968 

·m Solution Susperrled Sediment 
Suspended Serl:i.ment (I:Ci/1) (pCi/g) 

Discharge Concentration Gross Gross Gross Gross 
Hour (1/sec) .· (YIP/1) Alpha Beta Alpha Beta 

14:50 1540 19,500 <1 1800 39 1120 
15:00 1540 11,200 <1 1700 43 1050 
15:30 1410 20,400 <1 1080 17 520 
16:15 525 9,920 3 1360 15 670 
17:00 270 4,010 0 1150 48 1170 
18:20 165 1,340 14 1190 47 1680 

A secx:md set of sanples were collected on July 31, 1968. Discharge, sedi

nent concentrations and gross alpha and gross beta activity were detennined fran 

the sanple in solution and in the suspended sediment. The results are present-

ed as follc:ws: 

DP Canyon, July 31, 1968 

In Solution Suspended Sedi."'nent 
Suspended Sediment (~/1) (~/g) 

Discharge Concentration Gross Gross Gross Gross 
Hour (1/sec) <!S'1) AlEha Beta AlEha Beta 

13:50 56 1,080 <1 920 64 890 

14:20 1730 43,000 <1 1080 9 260 

14:30 1640 26,000 • <1 820 14 300 

14:45 2040 13,000 <1 770 10 350 

14:50 1700 11,000 <1 860 52 390 

15:00 1410 37,000 <1 1180 6 210 

15:05 1260 37,000 3 1190 9 210 

15:10 1220 48,000 8 1190 6 180 

15:20 1190 27,000 <1 1090 7 220 

15:30 1020 56,000 14 1220 4 140 

15:40 570 4,900 8 1000 21 650 
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DP Canyon, July 31, 1968 
(Continued) 

In Solution Suspended Sedinelts 
Suspended Sed:inents (pCi/1) (~i/g) 

Discharge Concentration Gross Gross Gross Gross 
!bur (1/sec) (ng/1) Alpha Beta Alpha Beta 

15:50 480 4800 6 1100 79 610 
16:00 490 4400 8 1070 16 650 

16:10 480 4600 19 1120 20 520 
16:20 440 2500 41 1060 15 790 

A series of samples were collected fran DP Canyon and Ios Al.aircs Canyon 

al::x:7Ve the confluence with DP for ccrrparison on A'llgU!it 6, 1968. 

DP and Ios Al.ancs Canycn, August 6, 1968 

In Solution Suspended Sediments 
(i:d/1) Suspended Sedhtents (J:Ci/g) 

oischarg~ Concentration Gross Gt:oss Gross Gross 
!bur (1/sec) (no/1) Alpha Beta Alpha Beta 
DP Canyon 

15:35 690 24,000 19 1180 3 227 
15:55 525 18,000 <1 920 3 191 
16:15 450 7,700 3 710 4 300 
16:30 305 5,900 11 800 93 324 
16:45 240 5,400 3 740 2 280 
17:00 210 2,800 . 8 .730 4 420 
17:15 160 1,700 3 760 10 580 
17:30 135 1,800 14 840 2 590 
17:45 120 1,000 3 832 <1 620 

Ios Al.ancs Canyon 

15:40 2040 20,000 • 6 16 6 6 
16:10 1560 10,000 <1 14 8 6 
16:25 1130 9,400 <1 11 4 6 
16:45 880 6,800 <1 18 2 4 
16:55 760 5,800 <1 18. 3 6 
17:15 680 4,200 11 17 5 7 
17:40 590 4,800 <1 <1 <1 <1 

Only trace concentrations of gross alpha activity were found in solution 

in the runoff in both DP and los .Alaoos Canyons. Gross beta acti vi 'tif in solution 

and gross alpha and gross beta actiVity indicate transi;X>rt of radionuclides out 
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of DP can::{on '-'{hi.ch receives industrial effluent. A comparison of the activity 

in the runoff of OP Canyon and Los Al.am:Js Canyon indicates magni tu::le of measure- • 

able ooncentrations being tra.n.stX>rted. I~ general, the sediment concentrations 

decrease with discharge. In DP Canyon, the activity concentrations vary through-

out the event. 

F. Radi.ochenical Analyses of Sediments 

Channel sedirrents in DP canyon are derived fran weat.P.ering of the 

Bandelier '1\lff. Sedi'T·aemts in IDs Alarros Canyon are derived fran \-7eathering 

of the Bandelier '1\lff and Tschic:ana Fo:r:mation. 

Particle-size distribution of channel sedbnents at stations are 

sl'a.m on the following table. 

Particle-Size Distribution 

(Percent by lieight) 

Source DPS-1 DPS-4 lAO-<: IA0-1 IAo-3 

Granules 8.0 4.0 16.5 < 0.5 . 0.5 

Sand 

Very Coarse 48.5 42.5 38.0 23.0 13.0 

Coarse 29.0 36.0 32.0 53.0 40.0 

Medium 8.0 10.5 10.5 18.5 23.5 

Fine 3.0 • ·4.5 2.0 4.0 ll.O 
Very Fine 1.5 1.0 .• 5 .5 4.5 

Silt and Cla:t 2.0 1.5 .5 .5 7.5 
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Ola.nnel sediments were collected in DP Canyon in 1967 and 1968 for 

radiochemical analyses. 

Number of 
Source Samples 

DPS-1 z 

DPS-Z 1' 

DPS-3 1 

DPS-4 3 

Average of a number of analyses · · 
Picocuries per dry gram. 

Gross 
alpha 

.... 
16 

3 

z 
-3 

Gross 
beta 

536 

140 

lZZ 

2.9 

2.38 
Pu 

·• 62. 

.lZ 

.lZ 

• 07 

------

7.68 

1. 3Z 

.79 

.• 65 

The concentration of radioactivity ani radioriuclides in the channel 

sediments is greater near the effl~t outfall fran the treaanent plant at TA-21 

'-' in DP canyon with the concentrations decreasing downgradient in DP Canyon and 

los AlanDs canyon to the Rio Grande. The radionuclides in the effluent are being 

adsorbed or exchanged l>Ti th clay minerals in the channel sediments. Storm runoff _ 

is rroving the sed.Unents downgradient in the can:ten dispersinq then over a larger 

area. It appears that there is a build-up in tl'U! se:llments near the effluent 

outfall during the fall, winter, and spring when stol:m runoff is at a mi.n:imum. 

Heavy thunder shJwers during the smmer transport the sediments downgradient in 

the canyon so that a large build up elf radionuclides at the outfall does not occur. 

· : Ch.ai1riel-·sediments were collected fran DP and U:>s ~s Canyon ill No~; -
1965 and analyzed for gross alpha, beta, and ganna activity. The results are 

sbJwn in the following table. 

.. .... 



"Radiochemical Analyses of Sediments, November 1965 

(Analyses in COUnts per Minute per Dry Gram) 

Location Gross Alpha Gross Beta Gross Gamna. 

DPS-1 6 566 130 

DPS-4 3 25 8 

uo-c 2 7 30 

I.A0-1 2 8 2 

I.A0-3 2 4 12 

.. :Rd~4. 1 <1 < 1 

A similar set of sanples were collectei and analyzed for gross alpha, 

gross beta, and plutonium in the spring of 1970. The results are shown on the 

following-table. 
. . :· '-

Radioche:nical Analyses of Seiliments, Februaey and March, 1970 

(Analyses in picocuries per dry gram) 

I.ocation · Gross Alpha Gross Beta 238Pu 239Pu 

DPS-1 28 391 15.8 2.69 

DPS-4 5 92 .219" 1.40 
• uo-c 2 1 < .001 < .001 

J.N)-1 1 4 .026 .101 

U\0-3 2 9 .09 .189 

IA0-4 2 12 .Oll .153 

IA0-6 2 9 .032 .364 

Rd-4 2 8 .003 .845 
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-
• Sanp1es ·of sed.i.m=nts fran the stream channel were collected in Februaey 

1970, from Los Al.ancs Canyon, one a1::ove the jt.metian with DP Canyon and the 

rest downgradient to the Ria Grande (Fig. 12) • The averages of the samples 

of the channel sediments are slDwn on the fallONing table. 

Average of a number of samples 
Picocuries per dry gram 

Number of Gross Gross 
Source Samples alpha beta 238Pu 239Pu 

LAS-1 3 3 45 • 07~_7 • 87~_7 

LAS-2 2 4 16 • os!-' 2. 3~/ 

LAS-3 4 3 61 • o8~/ . so!:.' 
LAS-4 3 12 124 .o~l • 451J 

LAS-S 3 2 16 • OS .16 

LAS-6 2 2 9 • 02 • 56 

LAS-7' 2 1 11 • 03 .16 

LAS-8 2 2 6 • 02 12 

1/ Average 2 analyses .. · .... 
2/ Average 3 analyse• 

Sarrples W'ere analyzed from b.1o stations at !.10-3 and State P.oad 4. in 1971 
• 

ani 1972. 
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Radiochenical Analyses of Sedilrents 1971 and 1972 

(Analyses in picocuries per dry gram except as noted) 

IH>-3 Rd. 4 
5/7/71 10/14/71 10/10/72 5/7/71 10/14/71 10/10/72 

Gross Alpha 3 18 <1 2 <1 <1 

Gross Beta 1 73 2 4 <1 6 
238Pu .007 2.45 .037 .007 .003 .004 
239Pu .961 1.36 .370 .112 .054 .004 
137Cs 103 7.3 3.4 4.& . 

. -I. • • • ,... 

~tal· Uraniun 0.81 .16 .40 .09 .02 .33 
_.. . •.. - __. ·-

'lhe results of the analyses of channel sediments indicate that stonn runoff 

is tra.nsporting radianJClides out of DP Canyon and into IDs Al..anos Canyon and 

probably measurable arrotmts to the Rio Grande. 

G. Inventory of Plutonium in Channel Sed:iments 

The inventory of plutarl.um was made of channel sediment of DP and Ios Alarros 

Canyon to the Rio Grande. 'lhe physical characteristics of the channel used in 

a:rtp.1ting the inventory for July 19681 August 1968 1 Februaey 1970, and October 

19721 are shown be1cw. 

Physical Olaracteristics of Channel 

DP-IDs Alancs Canyon 

1. 0 to 1 800 m 
Width 1.5 m 
Sp. g. 1.57 

(DP Canyon) 
Depth 0.15 pl 
Weight 459 X 106 g 

2. 1 800 m to 6 600 m (Ios Al.aiiDs Canyon) 
Width 2.5 m Depth 0.15 m 
Sp. g. 1.57 Weight 2 832 X 106 g 

Confluence Pueblo-los Alarros to Rio Grande 

1. Confluence to 4 800 m 
Width 3 m Depth .. 0 .15. m 
_Sp. g. 1.57 lieight 3 408 X 106 g 
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J?hysical 01aracteristics of Charmel 
(Continued) 

Confluence Pueblo-los Alancs ·to Rio Grande 

2. 4 800 m to 7 2 00 m · (Rio Grande) 
Width 4 m Depth 0.15 m 
Sp. g. 1.57 Weight 2 261 X 106 g 

The concentrations of plutonium at each statiat, average at each station, 

and total ancunt at each section are presented in the following table. 

Concentrations and 'lbtal Plutali.un in Sections of Olannel 

DP-Ios Al.anDs Canyon (May, '1968) 

. Concentration 'lbtal %of 
Sectiat Station · llCi/q Ave. nCi Total Pu 

Q-1 800 DPS-1 . 16.20 
DPS-4 .84 8.5 3.9 78 

1 SOQ-6 600 IAS-3 .65 
LAS-S .15 .40 1,1 22 

s.o 100 

Ios AlatrDS Canyon (Juli, 1968) 

1 SOQ-6 600 IAS-2 4.39 
IAS-3 .72 
IAS-4 .68 
IAS-5 .22 1.5 0.4 

0.4. 

DP-Ios Al.am::>s Canyon (August, 1968) 

Q-1 800 DPS-1 0.41 • 
DPS-2 1.44 
DPS-3 .91 
DPS-4 .88 0,91 .4 27 

1 80o-6 6oo IAS-2 .60 
IAS-3 .37 
IAS-4 .30 
IAS-5 .23 .38 1.1 73 

1.5 100 
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Section 

0-1 800 

1 800-6 600 

0-1 800 

1 80o-6 600 

Concentrations and Total l?lutonil.ml in Sections of Channel 
(Continued) 

·op.;.r.os Ala:rrcs Canyon· (February, '1970) 

. . Concentration 
· Station · }JCi/g ··Ave, 

DPS-1 
DPs-4 
~-2 
~-3 
~-4 
~5 

18.4 
1.62 

.198 

.156 

.396 

.848 

DP-I.os Al.anos Canyon 
DP-5 0.76 
DP-6 19 
DP-7 .93 
DP-9 .20 
DP-10 .30 
SR-4 .01 

10,1 

0.4 

(October, 

6.9 

.17 

Total Pu 
rcCi. 

4.6 

1.1 
5.7 

1972)1 

3.2 

.s 
3.7 

%of 
'IbtalPu 

81 

19 
lOO 

86 

14 
100 

~ 

"'"*"" • 

1/ DP Series Eoology Sectial .. 

Los ·Al.arros Canyon [ Confluence !A-Pueblo to Rio Grande] (May, 1968) 

Canfluence-
4 800. LAS-6 .• 62 

LAS-8 • 34 .48 1. 6 62 
4 800-7 200 IAS-8 • 34 

IAS-9 .24 .29 1.0 38 
'.lOTAL 2.6 100 

Los Alarros Canyon [Confluence !A-Pueblo to Rio Grande], (August, 1968) 
Confluence- LAS-6 .53 

4 800 LAS-S • 02 • 28 1. 0 100 
4 80o-7 200 LAS-s • 02 • 

IAS-9 <.01 .01 <.02 
'1UmL r.o 100 

I.os Al.a.ncs Canyon [Confluence !A-Pueblo to Rio Grande] (Februa;x, 1970) 
Confluence- LAS-6 .860 

4 800 IAS-7 .33S .60 2.0 65 
4 80o-7 200 LAS-S .591 

LAS-9 .364 .48 1.1 35 
'1UmL 3 .1 100 
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The inventories cu:e oonsidered .in DP canyon (0-1800 rn) and. Los Alanos 
. . - ,. ' . . '. .. .... 

Canyon (1800 to 6600} to the o:mfluence with .Pueblo eapyon, Recap is as 

foil~: 

· ·TOtal Plutonium (nCi) 

May July Aug •. Feb. 
Section (m) . '1968 . '1968. . '1968 . '1970 

o-1 800 3.9 . .4 4.6 

1 800-6 600 1~1 ·o.4 1."1" "1.1 

'ltll'AL 5.0 1.5 5.7 

Oct • 
1972 

3.2 

.5 

3.7 

The inventory in DP-IDB Al.arrcs Can:yon for 1968 reflects the transport by 

stotm runoff. 'n1e May concentrations decrease through August as the material 

containing plutonium ncves out into IDs Al.aircs Canyon with smmer runoff. 

'n"le channel in this reach (Q-1 800) has a very thin allll\7i.um cover and a 

steep gradient. Rtmoff is above nontal due to the developed area. In the low

er reach (May, 1968, February, 1970 arid October, 1972)_, the transport appears 

to have equalized, with input equal to output. 

The inventory in the canyon in May, 1968, indicates that from the outfall 

to the confluence with Pueblo only 5.0 nCi or 21% of the 24.1 nCi (1952-1967) 

released renai.ns in the canyon. In Au;Just, only 1.5 nCL or 6% of the 24.1 nCi 

rena.ined. Tran~rt out of this reach of the canyon by stem runoff for the 

year was about 3.5 nCi. In February, 1970, about 5. 7 nCi or 21% of the 
• 

27.3 nCi (1952-1969) of plutonium remained in this reach. The October 1972 

sanpling indicated about 3. 7 nCi or 8% of 30.8 nei· (1952-1972) renained in the 

canyal. 

The inventories are considered in Los Al.arros Canyon fran the junction of 

Pueblo Canyon to the Rio Grande (0-7 200 m) •. The recap of the total anount of 

~ plutonium in the tv«> sections in this reach of channel are as follc:MS: 
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los AlanDS canyon fran Junction ·with Pueblo to Rio Grande 
. i 

TOtal Plutonium (nCi) 
May Au:J, Feb, 

Section (ml ..... . ·1968: 1968 1970 

Q-4 800 1.6 1.0 2.0 

4 800-7 200 1.0 <.02 1.1 

'IO'mL 2.6 '::::::.1.0 3.1 

'Ihe invento:cy in I£>s Alarros Canyon fran the confluence of Pueblo to the 

Rio Grande in t-1ay 1968, was 2.6 nCi which decreased to ~1.0 in August with 

the transport of plutoniun with surt'l1'er runoff. 

'lbe invento:cy of Februazy 1970, cc:rrbining both DP-I.os Alam::>s (5. 7 n'Ci) 

and Acid-Pueblo (18.1 nCi) and belo.t1 the ronfluence (3.1 nCi), .indicates a 

total of 26.9 n'Ci of plutali.un in the three separate reaches ~14% of the 

.., ancunts released into DP-I.os Alancs (27 .3 nCi, 1952-1969) and Acid-Pueblo 

(170 nCi, 1943-1964). If one oonsiders the inventoey in each of the three seg

nents of the three canyalS or cxmi:>inations of segments and assumes all plutonium 

is tied up in the sediments, the loss of plutonium or transport to the Rio 

Grande is about 80 to 90% of all plutonium released fran the treatment plants. 

H. Flood Frequency ard Ma.xim.Jm Discharge 

los Al.arros Canyon heads on the flanks of the Sierra de los Valles at an 

altitude of about 3170 m. 'lhe flood frequency and na.xiJ'run discharges at boun

dal:y are based on the folla.d.ng data. 

Frequency 
Frequency 

2:-~ 
5-year 

lQ-year 
25-year 
so-year 

• 
Drainage Area 27. 5 kzri2 
Main Channel Slope - 0. 040 

Max:im.Ju Discharge 
(m~/sec:) 
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VII, D~GE ARE'A 6 (SANDIA CANYON) 

Sandia Canyon heads on the Pajari to Plateau and is tributary to the Rio 

Grande. '!he alluvium in the \IR)er reach of the canyon is thin in the western 

part of the plateau, but thickens to al:out 12m at State Road 4. '!he alluvium 

is underlain by the Bandelier TUff. 

'nle stream in the upper reach of the canyon is perermial from the re-

lease of effluents fn:m the seNage treat:nent plant arXi pc:Mer plant at TA-3 

(Fig. 13). The flew extends eastward to near the center of the plateau whe:re 

all flew is lost to eva~transpiration or infiltration into the underlying 

tuff. Only during heavy thundershowers during the sumner does the inteJ:mi ttent 

stonn runoff extend in the canyon across the plateau to the Rio Grande. 

A. Industrial Waste Treatlnent· .Plants 

'!he sEMage treatment plant serves the office-type ccrrplex of lal:oratories 

and shops that are centrally located in the TA-3 area. About 75 percent of the 

effluent is cycla:l into the p::Mer plant for cooling puzposes. The conbined re

lease ·of effluents fran the sewage treatment and pc::Mer plant is about 2. 3 x 105 

m3 of effluent per year into Sandia Canyon. Sewage lagoons at TA-53 are lo

cated on the nesa between Sandia and I.qs Al.artr:Js Canyons. OVerflow from the 

lagoons OOe5 rx>t reach the channel in either of the canyons. 

B. Surface Water 

• Effluents frau the treatment plants and surface water are sanpled at ~ 

stations, scs-1 am scs-2 (Fig. 13). 

1. 01em:i.cal Quality of Surface Water 

'lhe chemical quality of water at scs-1 belao~ the outfall from both treat

rrent plants reflects the quality of effluent released into the canyon. As 

shown on the .follewing table, the quality of the water jnproves ~dient in ..Jt 
the stream. 
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Olemical Quail ty of Surface Water, 1969-1972. 
{AVerage of a rnmi::ler of analyses in rrg/1 except as noted) . . 

Station SCS-1 SCS-2 

N:>. of Analyses 12 12 

Sodium 200 150 

Chloride 282 66 

Fluoride 27.5 3.6 

Nitrate 18 . 17 

Total. Disso1 ved Solids U60 730 

Conductance !I 1515 730 

pHQ 6.4 7.1 

!I Micranhos 
!?f· No Units 

'Ihe follOo\'ing table presents a"'/erages of analyses by years of the bolo 

stations. 

Chani.cal Quail ty of Surface Water 
(A"~Jerage of a nurrber of analyses in nq/1 except as ooted} 

lb. of 

......... _ .. 

a/ 
Source Year Analyses Na .... Cl F 

N) 0 

3 -·-- TOO. Conductance 

SCS-1 1969 1 375 

SCS-1 1970 3 104 

SCS-1 1971 4 206 

SCS-1 1972 4 117 

SCS-2 1969 1 190 

SCS-2 1970 3 153 

scs-2 1971 4 153 

SCS-2 1972 4 107 

a/ Micranhos at 25° C 

b/ No Units 

45 55 

55 .3 

49 2.1 
48 • 52 

so 6.0 

75 1.7 

75 2.5 

64 4.2 
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<.4 . 1738 1120 

28 826 690 

22 1565 3465 

22 913 785 

12 680 720 

25 850 840 

22 795 850 

4.2 591 510 

b/ 
pH 

7.7 

6.9 

5.6 
s.s 
7.9 
7.3 
7.6 

5.6 



The cheidcal treatment of water for use at the p:JWer plant resulted in 

release of hexavalent chranate. The use of chromate in treatment of water for 

cxx:>l.ing at the power plant .... as discontinued in April 1972. The concentrations 

varied downgradient in the channel, showing no apparent trends. 

Hexavalent Chratate in SUrface Water 

-
_ (Averaqe of a nunber of analyses :in rrg/1} 

No of 
··station Year Analyses Hexavalent Chranate 

SCS-1 1969 1 0.07 

SCS-1 1970 4 8.5 

SCS-1 1971 2 11.2 

SCS-1 1972 4 .18 

scs-2 1969 1 2.4 

' SCS-2 1970 4 5.4 
~ scs-2 1971 2 7.3 

SCS-2 1972 4 1.3 

Select trace metal ion analyses were made of water fran the two stations. 

The following table shows sane metal ~ons in the surface water that are probably 

the result of treat:Itent of the water used in the cooling process at the Power 

Plant. 

• 
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ME:rAL ION ANALYSES 

(Range and average of a nl.lllber of analyses in l-i"g/1) 

f:CS-1!1' S::.S-2~ 
Station Min l-1aX Av Min Max Av 

In Solution 

Cadmium <0.25 18.8 8.6 0.4 6.8 3.2 
Beryllium. <0.25 <0.25 <0.25 0.28 0.27 
Iead <1.0 25.0 7.5 <1.0 2.5 1.5 
Mercury < .02 < <0.02 <0.02 

Particulates 

Cadmium <0.25. 2.8 1.4 <0.25 0.56 0.36 
Beryllium <0.25 <0.25 <0.25 <0.25 
lead <1.0 ll.9 8.1 <1.0 1.8 1.2 
Mercul:y <0.02 0.32 0.15 <0.02 0.43 0.18 

!I Four analyses 

!?/ Three analyses 

2~ Radiochenical 'Quality ·of SUrface Water 

The radiochemical analyses of surface water fran stations SCS-1 and 

SCS-2 showed only traces of radionucl~des which may have been released with sewage 

influent fran laboratories U1 the TA-3 ccmplex. The follc?winq table presents an 

annual average of radionueJ.4-~es_ for the_ years 1969 throu;h197~-;~; 

• 
~-· 

- . · .. -- . . SAJiDU CA.'IO. • _ -·- _ - .. . ------·--, 
'(4verag~- of a nl.1r'l'ber of analyses in pCi/1 except as noted) 

' ~ SV~FACI rLnV SAKPLlBG SltiS · . 

. ... . .... ~ 

SOUP.CZ - SCS-1 
SCS-1 
SCS-1 
scs-t 

• scs-z 
SCS-2 
scs-z 

..... scs-z 



c. Water in Alluvium 

Two observation roles were drilled into the alluviun (sco-3 and 

sa>-4) in the middle and lower reach of the canyon. They did not encounter any 

water. After storm nmoff in the canyon in early Septanber, 1969 \<Tater did in

filtrate into the alluvium near b:>le scn-4 and a sample was collected and analyzed. 

1. Chemical Quality of water in Alluvium 

The chani.cal quality of the water in the alluvium recharged fran 

stonn runoff slxMed sane effects fran the effluent released fran the I=CWer plant 

with the presence of chranate. 

Sodium 

80 

2. 

Analyses of Water in Alluvium at sco-4 

(Sept. 1969, --ngil ·except as noted) 

Chloride Fluoride Chrarate 

0.18 

Nitrate 

15 <0.1 .1.3 

,,__ ..... <.;-:~<., 

Radiochenical VQuality of l-tater in Alluvium 

Dissolved 
Solids 

320 

. ,, 
COnductance~ 

350 

The radiochsnical analyses indicated only background arrolmts of 

radionuclides. 

Gross 
Alpha 

<1 

• 

Radiochanical Analyses of l-'1ater_ in Alluvium at sco-4 

Gross 
Beta 

2 

r ---··· - . - .• . 
(Sept. 1969, in pCi/1 except as noted) 

. .. 

238Pu 239Pu 

<0.05 <0.05 

!I Micrograms per liter 
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D • Raclioch.emi.cal Anal vses of Sediments 

Sallments fran the stream channel have been collected for particle 

size distribution analysis. The particle size distribution of sediments at 

stations are shown on the following table. 

Stations 
(Distribution by weight) 

Near Near 
Grade SCS-2 SC0-4 State Road 4 

Granules 20.5 9.0 6.0 

Sam 

Very Coarse 23.0 22.5 12.0 

coarse 35.0 43.5 44.0 

Medium 15.0 14.0 19.0 

Fine 4.5 6.5 11.0 

Very Fine 1.0 2.5 4.0 

Silt and Clay 1.0 2.0 4.0 

Sediments fran~ stream .Channel near SCS-2, SCQ-3 and at State Road 4 

were c:x:>llected for analyses in 1965 and 1970. The results of the analyses in

dicate only background axrounts of radionuclides. --·· .... ·- . ""'\ ··----·· ---· -- ---·-· .. 

~cal Analyses of Sediments 

(Analyses In· PciiCi-eX::ept ~ noted)· .. : · · . 
.... . --- .. 

Gross Gross ·-···---.. -- . ·-·- -· ---
Source (Near) Year Alpha Beta 238Pu 239Pu - • 
Power Plant 1970 1 2 <0.001 0.004 
SCS-2 a/ 1965 1 2 
SC5-2 1970 2 1 <0.001 <0.001 
SCS-3a/ 1965 1 17 
SCS-3 1970 1 < 1 <0.001 <0.001 
State Rd 4a/ 1965 2 <1 
State Rd 4 1970 2 2 <0.001 0.003 

a/ Counts per minute per dry gram 
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E. F~dOd Frequency and Max:inun Di~ ...,., 
Sanll.a Canyon heads on the Pajarito Plateau at an altitude of about • 

2290 m and. is tributary to the Rio Grande. The flood-frequency and maximum 

discharge at the l:oundary are base::t on the follCMing data: 

Frequency 

2-year 

5-year 

lQ-yea.r 

25-year 

so-year 

Drainage Area 7.0 m2 
Main Channel slope . 

JVIII. Drainage Area 7 (Mortandad Canyon 

0.028 

MaxjJrum Discharge 
(cubic ft per second) 

2,0 

5.4 

8.5 

16 

18 

Mortandad Canyon heads on the Pajarito Plateau and is tributary to t.~ PJ.o 

Grande (F:i;.l4). The train industrial trea'bnent plant at TA-50 releases effluent 

into the canyon. The plant began treatinq liquid waste in 1963. The plant re

leases 54 x 103 m3 of effluent annually into the canyon. An additional 

26 x 103 .te 125 x 103m3 of waste water fran TA-48', New Sigma and storm ruooff 

enter the canyon c-rmually. '!he· stream in the upper reach of the canyon is J?ereruual 

fran the release of Wustrial effluents and ccoling water. Sto:tm runoff adds 

to the velure of flow; h:lwever, since 1960, when eyorologic observations began, 

all stonn runoff as well as effluent has infiltrated into the alluvium west of 

the discharge boundary due to the snall drainage area and large volume of un

saturated alluvium. The alluvium in the canyon thickens from less than 1m 
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in the upper reaches to rrore than 40 m: at the lx>undary. 

The t:eremi.al flow fran the effluents and intermittent stonn runoff re

charges a small OOdy of water in the alluvium that is perched on the u.'1derlying 

tuff. As the water in the alluvium rroves eastward, steady losses to evapo

transpiration with minor losses into the tuff occur so that the water in the 

alluvium is of limited extent and does not extend to the surface water discharge 

lxnmdary at 'tJ'I.e Santa Fe-I.os Al.arrcs County line. 
Ql 

B. Geologic and Hydrologic Investigations 

Prior to release of effluents into M:>rtandad canyon, studies were 

made to determine the geologic and hydrologic characteristics of the canyon in 

regard to the disposal of low-level radioactive liquid wastes. A series of 

additional sti.Xiies have been made in the canyon as it receives the bulk of the 

effluent fran the treatrrent wastes generated by the lal:oratory. An abstract of 

the results fran these reports is presented in the following section. 

1. Preliminary Re??rt of the Geology and Hvdrologyl-6 

The preliminary report (1963) sumnarizes the studies October 1960 

through June 1961 

The u.s. Geological survey, in cooperatioil with the u.s. Atanic Energy 
Ccmnission and the Los Al.arrcs Scientific Laboratory, selected the upper part 
of M:>rtandad canyon near Los Alarrcs, NBtl Mexico as a site for disposal of treated, 
liquid, low-level radioactive waste. This rep::>rt sumnarizes the part of a stu:l.y 
of the geology and hydrology that was done fran October 1960 through June 1961. 
~tional ~k is being continued. 

Mortandad Can:yon is a narrow, east-southeast-trending canyon al:out 9-1/2 
miles long that heads on the central part of the Pajarito Plateau at an altitude 
of about 7,340 feet. The canyon is trihltary to the Rio Grande. The drainage 
area of the part of M:>rtarxlad Canyon that was investigated is about 2 square 
miles, and the total drainage area is al:xnlt 4. 9 square miles. 
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• 
The Pajarit.O Plateau is capped by the Bandelier Tuff of Pleistocene age. 

M::>rtandad canyon is cut in the Bandelier, and alluvium covers the floor of the 
canyon to depths ranging from less than 1 foot to as much as 100 feet. The 
Bmdelier is underlain by silt, sand, conglanerate, ani interbedded basalt of the 
Santa Fe Group of Miocene, Pliocene, and Pleistocene age. Sane ground \-later is 
perched in the alluvium in the canyon; however, the top of the main aquifer is 
in the Santa Fe Group at a depth of about 990 feet below the canyon floor. 

Joints in the Bandelier Tuff probably were caused by shrinkage of the tuff 
during cooling. The joints range fran hairline cracks to fissures several inches 
wide. Water can infiltrate along the open joints where the Bandelier is at the 
surface; lrJwever, soil, alluvial fill, and autochthonous clay i.nhibit infiltration 
on the tops of mesas, and probably in the alluvium-floored canyons, also. 

'l'hirty-three test holes, each less than 100 feet deep, were drilled :i.n 10 
lines across M::>rtandad Canyon fran the western margin of the stmy area to just 
-west of the IDs Alancs-Santa Fe county line. Ten of the holes were cased for 
observation wells to rreasure water levels and collect water sarrples fran the 
alluvium. 'I\olenty-tllree of the holes were cased to seal out water and were used 
as access tubes to aco::m:Xiate a neutron-neutron probe for deteJ::mining the 
rcoisture content of the alluvium and tuff. 

The source of recharge for the perched ground-Wclter body in the alluvium 
in M::>rtandad canyon is the precipitation in the drainage area of the canyon. 
During the winter of 1960-61, a snowpack 1-2 feet thick accurmllated in the narrc:M 
shaded upper part of the canyon. The alluvium beneath the snowpack received sane 
recharge because of diurnal rrelting during the winter. In March 1961 the snow
melt water saturated rcost of the thin alluvium in the ·upper part of the canyon, 
and a surface stream began to flCM. The maxinum flow of the surface stream was 
about 250 gpn (gallons per minute) • Water fran the stream infiltrated into the 
alluvium at the front of the surface stream and in the reach upstream fran the 
front. A ground-water ~ was fcmned beneath the channel by water infiltrating 
fran the stream. The front of the surface stream and the f:cont of the ~
water round advanced eastward to about the middle of the area studied. Fran this 
p::>int eastward, the alluvium is thick enough to absorb and t.ransnit t."le am:>u."Lt of 
flow in 1961. Late in April the front' of the surface stream retreated, and by 
the first of May the surface flc:M stopped. During and after this period the 
ground-water rcound decayed, and ground-water levels dropped in the upper part of 
the canyon as water drained into the channel and downgradient through the alluvium. 

The am:nmt of recharge was sna11• in the wide lower part of the canyon during 
the period of study. The rise in ground-water levels and the increase in rcoisture 
content of the alluvium in the lower part of the canyon indicate that water rcoved 
downgradient by underflow through the alluvium fran the recharge area in the upper 
part of the canyon. Moisture measurenents indicate that only a little water 
noved into the underlying Bandelier TUff fran the saturated alluvium in the part 
of the canyon stuned. 

A deep test well was drilled in M::>rtandad Canyon near the middle of the area 
studied. The top of the nain aquifer in the well was between the depths of 985 
and 990 feet below the lx>ttan of the canyon. The water rose al.nDst 30 feet in 
the \Yell, iridicating that confining beds exist in the lower part of the Puye 
conglarerate. The piezanetric surface of the main aquifer slopes eas~-rcard, 
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indicating that- the rrain aquifer is recharged mainly west of the Pajarito Plateau, 
an::l that it discharges the water near the Rio Grande. Sarrples of water fran .,../ 
the main aquifer and the alluvium had no radioactivity above that of a standard • 
sarrple of water. 

The infiltration and troVeTent of waste liauid will follow the sarre aeneral 
pattern as that of the perched ground water in the alluvium. The liquid will 
infiltrate in the upper and middle reaches of t..'le part of the canyon studied and 
nove eastward through the alluvium. The data indicate that the alluvium in the 
lower reach will ab5orb and transnit the predicted discharge of 500 1 000 gallons 
of waste per week. Little of the liquid will nove downward into the Bandelier 
'l\lff in the area studied, and probably none will reach the main aquifer in t.'l-le 
Santa Fe Group. The novanent of ground-water in the part of the canyon east of 
the IDs Alam::>s-Santa Fe COunty line was not detezmined. 

The clay in the alluvium probably will rem::we nost of the radioactive waste 
material by sol:ption am base exchange. This might eventually build up relatively 
high ooncentrations of radioactive material which \\0\lld rrove slowly downgradient 
through the alluvium. Further 'WOrk will be necessary 1 before and after waste is 
discharged fran the plant, to obtain quantitative h}'drologic data and to determine 
the novements of the water in the alluvium belCM the area studied. 

A pmgress .:rep::~rt was issued in 1964 covering the period 1961 to June 1963. 

Data included are surface water records, quality of water prior to the release ', 

of effluents as well as radiochsnical analyses of sediments fran the stream c'hann;,l 

and observation holes. 17 

2. Distribution of Radioactivity in AlluviumlB 

A srort pat:Er was prepared in 1966 \WCh describes radioactivity in 

the alluvium of t·brtandad canyon. 

Fine particles in all\Nial material in a disp::>sal area for liquid radio
active wastes at IDs Alarros have greater affinity for radionuclides than coarse 
particles: however, nest of the radioactivity is in the coarse material, which is 
nore abundant. The radioactivity in the alluvium is dispersed by waste water and 
storm runoff and decreases with distance fran the point of effluent outfall. !-Dst 
of the radionuclides are retained in the upper 3 feet of the deposits, resulting 
in very little change in the quality of the ground water perched in the alluvium. 
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"'-' • 3. Dfspesal of Industrial Effluents in M:>rtandad Canyon19 

A refX)rt was sul::m:itted in 1967 describing a study to detennine the 

rrovement of effluents in M:>rtandad. canyon and evaluate the possibility of contamina

tion of surface and ground water outside the canyon distxJsal area. 

r-Drtandad Canyon is cut into the Bandelier TUff, which fonns the Pajarito 
Plateau. The drainage area al:ove and within the disp:>sal area is small. The 
alluvium is thin in the upper canyon but thickens eastward into the middle and 

_ lower canyon. 

The canyon has no natural perennial streamflow. SUrface water enteril"'lg t."~e 
disposal area is storm X'UJ'X)ff, waste water fran cooling process at New Sigma and 
TA-48, and iniustrial effluents fran:the waste treatment plant at TA-50. The 
sto:nn runoff, waste water and effluents infiltrate into the alluvium to recharge 
a body of water perched in the alluvium overlying the tuff. As the water m:wes 
through the alluvium sane is lost to evapotranspiratioo while t.~ rsnainder in
filtrates into the tuff. 

An inventory of surface water and water in the alluvium fran July 1963 to 
J\me 1965 indicated that a greater arrcunt of water was lost into the tuff in the 
upper canyon than in the middle and 10\-."& caeycn of the disposal area becuase the 
alluvium overlying the tuff in the upper canyon is ncre peJ:meable (silty sand) 
than the alluvium overlying the tuff in the middle and lower canyon (sandy silt). 
The ItDVertYant of water in the tuff is downward beneath the disposal area into the 
unsaturated volcanic rocks and se:liments of t.lle Puye Conglanerate. 

The upper part of the main aquifer in the I.os Alartos area is in the Puye 
Conglanerate, about 1,000 feet beneath the canyon floor. The water in the main 
aquifer is ncving at about 70 feet per. year to.-lard the lti.o Gran:ie. The P.io 
Grande, about 6 miles east of the disposal area, is the natural discharge for the 
main aquifer. 

The chanica! and radicx:hemical quality of water in the alluvium improves 
downgradient in the disposal area due co dilution of the effluent by stonn runoff 
and waste water, and by adsorption of certain ions and radia1uclides by clay 
minerals. water in the main aquifer sb:Jwed IX) sign of chemical or radiochemical 
cx:mtaminaticn. 

The geology and hydrology of Mortandad canyon is 0 ideal for the disposal of 
lc:M-level radioactive effluents. The small drainage area and the volune of alluvium 
(to absorb the stoxm nmoff) reduces chances for sto:cns to flush contaminates to 
the Rio Grande. Chsni.cal and radiochenical contamination is confined to the dis
posal area. The disposal area has an environment that reduces the contamination 
in the effluents, and the slow rrover:ent of water in the main aquifer beneath the 
disp:>sal ar~ ~uld allow ia1-exchange and half life decay of any radionuclides 
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that sh:>uld reach the aquifer, so that no contar!dnation ~uld remain in the 
water when it reached its natural discharge area. • 

4. Occurance of Tritilml in the Shallow Alluvial Aauifer, 1966-1969 20 

The occurance and dispersion of tritium in water in the alluvium 

was described in a section of a 1973 report. 

Tritium was detected in the stream-connected aquifer in the alluvium of 
the canyon. Concentrations were greater in the lower part of the canyon. The 
t.ri tium was probably residual fran liquid waste released in early operations of 
the treatment plant at ~-so (1963 through 1966) or from TA-35 in the late 1950's· 
or early 1960's. 

It was estimated in February 1967 that storage of water in the alluvium in 
the lower canyon was about 19.0 million liters. The average tritium concentra-
tion (Ml:r6, r!C:0-7, MX>-7.5, and M:0-8) for February was 490 p:i/ml; thus, it 
was estimated that the water in storage contained about 9.3 Ci of tritium. In 
May 1969 the storage was estimated at 14.4 million liters with an average tritium 
concentration of 80 {:Ci/ml or about 1.2 Ci of tritium in the total water in storage. 

The tritium concentrations decrease wit.."l time due to the dilution of the \ 
water with the inflow of waste effluents and stonn runoff into the alluVium ....,j 
and tritium losses to evapotranspiration. 

5. Dispersion and ~t of Tritium in the Shallor.-7 AQuifer 
21 

A report in 197 4 describes the rccverrent and dispersion of tritium in 

ground water in the alluvium. 

ABS'l'AACl' 

Twenty (20) Ci of tritium discharged into l-t:>rtardad Canyon in Nove!nber 
1969 were used to deteJ:rnine the dispersion and I!'OVemel"lt of the tritium in a 
shallow aquifer in the alluvium. It ib:>k 388 days for the peak concentration 
to neve 3, 027 m fran the effluent outfall to the eastern end of the aquifer. 
The o:>ncentration decreased fran 77,700 {:Ci/ml to 310 {:Ci/ml in that distance. 
Ground water in transit storage contained about 0.9 Ci of tritium prior to the 
release of the 20 Ci. About 3.9 Ci of tritium remained in transit storage at 
the end of 1970. The retaining 17.0 Ci were lost with'evapotranspiration, infil
tration with ground water into the underlying tuff, or suspended with soil rroisture 
above the aquifer. 

The rate of novement of \#.rater in the alluvium and field coefficient of 

penneability were described for the three sections of the canyon using tritium ... 

and chloride ion as tracers. 
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0-• Canyon Type of Velocity of Tracers Coefficient of 
I.oca.tion Unit (rn,lday) Penneability (m/day} 

Upper Coarse Sar.d 18 141 

Middle Silty-Sand-clay 5 so 

Lower Silty-Sand-clay 2 7.6 

B. Industrial Waste Treatnent 

IJ.qui.d wastes, products of research by the IDs AlanDs Scientific 

Laboratory, are treated at the waste treatment plant at TA-50. The liquid \olastes 

contain a varying ancunt of chemical and radiochemical constituents. However, the 

treatnent of t.~e influents to reduce hal:mful. contamination is about the same 

regardless of the chsnical and radiochemical quality of the liquid wastes. The 

chemical canp::>sition of the influent is changed by the addition of certain chemi

cals during treat:Irent. 

The chemicals are added at several stages during treatrrent. Sodium 

hydroxide is added to the liquid wastes as it arrives at the plant to neutralize 

the acid and to raise the pH. Ferric sulfate and calcium hydroxide are added as 

the influent enters flocculat:orclarifiers: this precipitates out the radioactivi~J 

that was carried in suspension or was otherwise insoluble. The precipitate is 

collected as a sludge in settling basins, dried, mixed with venniculite, placed 
• 

in barrels, and buried in disposal pits on the plateau. Flocculation rem:wes 

ItCst of the plutonium and fission products. If, however, the liquid waste still 

cxmtains excessive radioactivity it is acidized with nitric acid and passed through 

ion exchange colurms where artificial resins rercve ItCst of the remaining radionu

clides, generally strontium 90, cesium 137, and other fission products. The waste 

is again treated wi. th sodiuin hydroxide to raise the pH to about 11 before transfer 

to rolding tanks prior to disposal. 
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Concentra~ns of sodium, calcium, carbonate, bicarbonater nitrate, and '"" _, 
chlorides, ?iS well as total dissolved solids, are higher than found in native • 

waters. If the wastes are acidized for the ion-exchange rolUill'lS, high nitrate 

and conductivity are characteristic of the effluent. 

Careful rontrol is naintained throughout the entire treatment operation 

by frequent rollection and analysis of the influent at the different stages of 

treatment. The resulting effluent is discharged into the diSJ;X:>sal area when 

the radioactivity is less than 10 percent of the MPC {rraximum permissible 

concentration) as rea:mrended by the InterBational Comnittee on Padiation 

Protection. 

1. Chemical Quality of Effluent 

'lhe liquid wastes vary in chemical and radiochemical constituents when 

they arrive at the plant; b:Jwever, the resulting effluents reflect the chemi

cal treatment of a weekly a::mposite, as shown an the follCMing table. 

Chemical Quality of Effluents !I 
(Analyses in rrg/1 except where noted) 

1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 

calcium 40 37 20 56 129 167 25 32 48 12 

Magnesium 3 < 1 4 < 1 <, 1 < 1 1 5 2 2 

Sodium 96 280 205 135 100 135 2250 500 740 215 

Carbonate 139 280 290 130 230 340 2350 158 120 20 

Bicarlxmate 199 370 415 160 320 448 2610 282 720 290 

Oll.oride 10 37 25 19 10 24 52 35 140 10 
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·-···· --

1963 

Fluoride 2 
Nitrate (n)b 3 

Cyanide < 1 < 

Total Dissolved 
Solids 

Chemical Quality of Effluents!/ · 
(.Analyses· in m;/1 except where noted) 

. . (Continued) 

1964 1965 1966 1967 1968 1969 1970 

2 3 1 3 2.6 .2 .9 

29 6.0 7 7.9 6.0 74 223 

1 < 1 < 1 < 1 < 1 < 1 < 1 

4258 2132 

1971 1972 

3.2 < .1 

280 52.8 

< 1 < 1 

2118 768 
Oonductancec 760 1980 1760 1280 1380 12090 4500 2400 2520 1140 

pHb 11.3 11.6 u.s 11.5 11.4\ 11.7 12.1 10.9 9.7 8.9 

Y Weekly Ccrrposite, 1st week of July, filter Sarrple; if ion-exchange column 
used, nitrate and calcium higher. 

!?/ N x 4.4 = :tD3 

~ Hi.CJ::Oithos 

d/ No Units 

The average aml\lal chenical quality of the effluents is presented in the 

following table. 

• 
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Effluent 
'm-50 Cal-

cium 
Year J9ll. 
1963!!/ 52 
1964 36 

1965 40 

1966 52 

1967 110 

.. 1968 100 
J 1969 91 3 
I 

1970 56 

1971 42 

1972 30 

.( 

' 
'lbe Average Annual Olemical Quality of Industrial Effluent from TA-50. 

Chemical Constituents 

1-tagne- So- Car- Bicar-
Mi.IIigrams ~r liter 

Chlo- Fluo- Ni- Dis- - - ----Tot.ir· 

siun diun bonate bonate ride ride trate solved hard-
~ (Na) {OO;al (fi:X)J) (Cl) m_ CKh) solids ness 

1.4 188 302 376 28 1.7 . 63 . 830 135 . 
0.9 219 280 386 41 2.5 97 960 94 

0.8 196 278 367· 30" 2.2 131 .860 109 

3.2 151 213 292 17 1.4 so 660 145 

·3.1 120 226 306 21 2.3 55 570 289 
• 

2.7 153 265 353 28 3.2 63 618 259 

2.3 286 300 428 34 2.7 131 940 235 

4.8 406 354 472 38 2.1 551 1500 155 

3.9 433 218 641 169 2.7 372 1590 120 

3.6 571 91 506 108 1.2 766 1670 91 

• .( 

Specific 
oonductance pH 
(lJIIb:>s at 25°C) 

1730 11.6 
1950 11.6 
2070 10.9 
1280 11.4 
1520 11.2 
1630 11.2 
1990 11.2 
2340 11.2 
2450 9.2 
2570 8.8 

•• 

i 

I 
I 
) 

' 



A measure of the effect of the effluents on plant growth is the sodium-

• adsorption ratio (SAR} and conductance. 'Ibe SAR approximates the base ex

change of sodium in the effluent and is a measure of the alkali hazard that 

could occur and in turn would effect plant grcMth in the canyon. It is ex

pressed in equivalents per million as: 
.. Na. 

SAR ~Vca ; 1!:.! 

'lhe sodium (alkali) hazard is based on SAR of 0 ... 10, lCM, 11 .,.. 18, 

m:di.um, 19 - 26, high; and above 26 very high. 

The salinity hazard is based an the oonductance or mineral ooncentration 

in solution of the effluent that is available for precipitation. into the 

soil that in turn can effect plant gra.rth. 'nle classification is based on 

100 to 250 J,Jllhos, l<::M; 250 to 750 lJ}"mcs, nedium; 750 to 2250 lJII'hos, high; 

• and above 2250 ~s very high. The folladng table shows the sodium (alkali) 

and salinity hazard of the effluent based on average annual concentration. 

Effluent - TA-50 

Sodium Conductance Salinity 
Year SAR (Alkali) Hazard (lJIThos/an) Hazard 

1962 

1963 7.0 L<:M 1730 High 
1964 6.9 Iow 1950 High 
1965 8.4 • L<:M 2070 High 
1966 5.5 Iow 1280 High 
1967 3.1 Iow 1520 High 
1968 4.1 row 1630 High 
1969 8.1 L<:M 1990 High 
1970 14 Medium 2340 very high 

-·· 1971 17 Medium 2450 very high • 1972 26 High 2570 very high 
....... -· 

-13o-



Waste 'Nater is discharged :into the disposal area fran New Sigma and TA-48 

fran cooling processes in the laboratories. Tr.e water is originally fran the • 

nurnicipal supply from Los Alamos. t-."o chemicals are added; however, the chemical 

quality rray have been changed slightly by use, due to evaporation losses as 

sOOr.m on the following table: 

Chanical Quality of ~Taste Water TA-48 and New Sigma 

(Analyses in nqjl excePt. as noted) 
. . 

Dissolved a; 
SOurce Year Sodium Chloride Fluoride Nitrate Solids Conductance Pl!. 
TA-48 1962 36 6 0.8 1.3 192 218 .J. 7 

TA-48 1965 44 2 0.8 .4 210 240 8.0 
. 

New Sigma 1962 34 4 1.6 1.8 162 180 8.3 .,_ 
New Sigma 1965 32 2 0.4 .2.2 599 640 t a/ Micrcr.thos 

'Y .;;;.B.;... __ Ra;.._d_i.-oc-h.;.;.emJ....__·-..cal.---.:Qual=.;.;;;.1-· ty....__.;;..of;;....;E_,f-..f.-1uen~-.t 

After treatment and release, the effluents contain sane radionuc1ides. 

The following table presents the average annual concentrations in the effluent • 

• 

• 
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Average Annual Radiochemical Quality of Effluents 1 TA-50 

• pCi/1 
.Arrcunt Gross Gross 'Ictal 

Year (M3) AlEha Beta Pu egsr gosr 

1963 27390 194 12700 59.4 5430 ·1450 

1964 51400 70 52000 37.7 1200 1700 

1965 49000 109 16600 71.2 860 1260 

1966 52810 70 7500 31.0 460 670 

1967 59680 128 6300 70.7 890 220 

1968 60290 86 5400 43.0 540 130 

1969 54480 24 6600 120 1000 240 

1970 53180 160 11000 94 250 370 

1971 45680 230 24000 150 270 690 
~ • 1972 57080 240 6700 148 !I 62 96 

a/ 238Pu 130J 239
Pu 18 

The armual and total ai't'D\lilt of radionuclides released in effluents frc:::m 

TA-50 is presented in ~ following table. 

kmual Atrount of Radionuclides· Released with Effluents 1 TA-50 

nCi.· 

Gross Gross Total 
Year Alpha Beta • Pu 89Sr 9osr 

1963 5.3 348 1.6 148.7 39.7 
1964 3.6 2670 1.9 64.9 87.4 
1965 5.3 813 3.5 42.1 61.7 
1966 3.7 396 1.6 24.3 35.4 
1967 7.6 376 4.2 53.1 13.1 
1968 5.2 326 2.6 32.6 7.8 
1969 1.3 360 6.5 54.5 13.1 
1970 8.5 585 5.0 13.3 19.7 

• 1971 10.5 1096 6.8 a/ 12.3 31.5 
1972 13.7 382 8.4 3.5 5.5 

64.7 7352 42.1 449.3 314.9 
a/ 2 3 'Pu, 7 .4J 2 39Pu, 1.0. I 
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In addition to the effluents releas€d fran the treatment plant at TA-50, 

a srraller plant was operated at TA-35 fran 1956 through 1963. The effluents 

were released into 10-Site Canyon. The wlume of effluent '\'laS not sufficient 

to nove as surface flow into l-brtandad Canyon. Stonn runoff entered ~1ortandad 

Canyon between ~.m-6 and MC0-7. The effluents contained rriainly strontium and 

cesium. The annual average concentrations of radionuclides are shown on the 

following table. 

Average Annual Radiochenical Qllality of Effluents, TA-35 

pCi/1 

Arrount Gross 
Year (r13 > Beta a'sr tosr 

1956 682.5 1 370 000 241 000 

1957 1630 1 430 000 130 000 22 600 

1958 1391 119 000 73 000 7 700 

1959 667.5 6 600 oooal 38 900 5 990 

1960 1248 76 000 27 200 4 800 

1961 1541 64 oooal 5 840 650 

1962 1241 82 oooal 7 410 820 

1963 399.5 310 000 250a/ 250a/ 

a/ Est:in'ated 

The annual and total anounts of 8 9Sr ~.d 9 0Sr released fran TA-35 into 

10-Site Canyon are presented in the following table. 
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• Annual Am::runts of 89Sr and 9 0Sr Released with Effluents, TA-35 

nCi 

Year egsr gosr 

1956 935 164 

1957 212 36.8 

1958 101 10.7 

1959 25.9 4.0 

1960 33.9 5.9 

1961 9.0 1.0 

1962 8.9 .9 

1963 0.1 0.1 a/ 

,..,_, 'IUI'AL 1 325.8 223.4 • a/ Estimated 

• 

' 

• 
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C, Surfac~ Water 

Surface water entering the· canyon consists of effluent from om-so, storm 

runoff and waste water. The effluent from TA-50 for the period 1964 (first • 

full year of discharge) to 1972 has ra.T'lged from 46 x 103 to 60 x 103 m3 or 

an annual average of about 54 x 103 m3. Waste water from TA-48 has ranged 

from 1. 6 x 103 to 2.0 x 103 m3 annually. Six (6) release of waste water 

fran New Sigma have occurred ranging from 2 to 6 weeks in time. 'Ibe releases 

were 1962 (18 x 103 rn3), 1963 (37 x 103m3), 1964 (19 x 103 m3), 1965 (18 x 

103 m3}, and 1969 (48 x 103 rn3). '!he average annual runoff and waste water 

entering the canyon from 1962 through 1972 has ranged from 26 x 103 to 

125 x 103 m3 or an annual average of about 63 x 103m3. 'Ihus, over a period 

of tilre the dilution of effluent to runoff and waste water has been about 

one to one. The volume of water entering the canyon is measured at Gauging 

. Station 1 (Fig. 14). '!he following table sJ:1c7..1s annual volume of effluent, 

storm runoff, and waste water passing through Gauging Station 1. 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

Volume of Effluent Storm Runoff and Waste Water 
at Gauging Station 1 

Effluent 'm-50 
(x 103m3) 

2~ 
51 
49 
53 
60 
60 
54 
53 
46 
57 

Storm-runoff 
and Naste ~'later ' 

(x 103m3) 

70 
125 

59 
• 75 

35 
79 
52 
93 
so 
29 
26 

a/ Operations July-Decenber 
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110 
124 

88 
139 
112 
147 
103 

75 
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A second gauging station GS-2 was operated about 1370 m daNngradient 

from GS-1 from March 1962 through Decenber 1965~ The annual surface water 

loss between the two stations ranged fran 51 x 103 m3 to 115 x 103 m3• The 

loss was to evapotranspiration and infiltration into the alluvium and under-

lying tuff. Water infiltrating into the alluvium. recharges the water in the 

alluvium that is preched on the underlying tuff 0 The water in the alluvium 

noved da.omgradient into the lc:Mer section of the canyon east of GS-1. Dur

ing the period of record, about 74% of the surface water passing through 

GS-1 was lost before reaching GS-2. The following table presents the annual 

rec:ords of surface water passing by Gauging Stations 1 and 2 and losses 

between the two stations. 

Surface Discharge at Gauging Stations 1 and 2 and loss 
between Stations 1962-1964 (In Cubic Meters) 

Year 

1962a 

1963 

1964 

Gauging 
Station 1 

70 

152 

110 

a/ March through Decerrber 

·Gauging 
Station 2 · 

19 

37 

28 

.. , SUrface Water ... 

loss between Stations 

51 

115 

82 

Surface water sarrpling stations are at GS-1, M:S-3o8, M:S-3o9, and GS-2. 

'!he surface flow at stations M:S-3o8 and M:S-3.9 is return fla.-1 from the 

alluvium. 'Ihe increased gradient in •the channel causes thinning of the 

alluvium causing water in the alluvium noving downgradient to fla.-1 on the 

surface for 30 to 60 m. 

lo Chemical Quality of Surface Water 

The chemical quality of the surface flCM after Jtme 1963 reflects the 

release of treated industrial effluents fran TA-50 o The follCMing table 

presents average cheni.cal quality of surface water at the four stations from 

1962 through 1972o 



Olemical Quail ty of Surface \'7ater 1 1962-1972 
~verase o.f; a nurrber of analyses in rn;/1 except as noted) 

Station GS.,..l M::S.:. 3 • 8 . M:,S .... 3,9 

No. of Analyses 37 16 19 

Sodium 183 134 148 

Chloride 15 20 31 

Fluoride 1.2 2.0 1,3 

Nitrate 24 33 11 

Total Dissolved Solids 494 555 636 

Conductanceb 570 600 720 

prf 9.6 8.4 8,3 

a Sarrples collected during release of effluents from New Sigma. 

b Micromh::>s 

c No Units 

a GS..-.2 

3 

122 

14 

1.3 

29 

443 

500 

The retum flow at MCS-3. 8 and 3. 9 indicates dissolution of chemical 

ions in the alluvium as seen by the increase in total dissolved solids 

concentration. Analyses of water at GS-2 were taken during the release 

of waste water fran New Signa Bldg. The follc:Ming table presents average 

annual quality of water at GS-1 fran 1962 to 1972 • 

• 
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- Quality of Surface Water .at Ga_uging Station 1 
·lAver.age of an~ of analyses in n-g/1 except as noted) 

. Year 
No. of 

Analyses Na Ft·· TDS Cbnductancea pHb 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

a· Microhncs 

b No Units 

2 

2 

6 

5 

3 

2 

2 

1 

6 

4 

4 

40 

70 

146 

245 

109 

86 

56 

22 

881 

139 

221: 

6 

10 

19 

16 

20 

5 

13 

5 

16 

38 

15 

0.8 

1.2 

1.3 

1.4 

1.8 

1.2 

0.8 

<.1 

1.7 

1.9 

1.0 

1.3 

1.3 

63 

36 

35 

1.3 

.9 

2.2 

40 

36 

44 

212 

324 

566 

921 

412 

255 

194 

244 

1309 

517 

·479 

240 

440 

670 

1150 

500 

415 

260 

220 

1190 

620 

520 

7.6 

8.7 

9.8 

10.2 

10.4 

10.2 

9.4 

9.0 

11.1 

11.0 

7.7 

'lhe chemical quality varies due to the change in quality of the effluent from 

TA-50. 'lhe nitrate concentrations have increased in the latter part of the 

period due to a greater use of the ion-exchange co1urms which use nitric a,cid 

as part of the treatment process. • 

'!he following table presents the average annual cheni.cal quality of water at 

MCS-3.8 for the years 1963 through 1971 • 



Quality of Surface l-7ater at M:S-3.8 
- (Average of a nurrber of analyses in rrg/1 except as noted) 

No. of 
ro3 Conductance a piP • Year Analyses Na Cl F 'IDS 

1963 2 78 7 0.8 4;~· 328 405 8.6 

1964 5 186 36 4.6 119 742 440 8.0 

1965 4 128 11 1.8 19 583 520 8.4 

- 1966 2 100 35 1.5 15 385 540 9.5 

1967 1 149 24 1.4 16 346 460 8.0 

1968 1 1~5 5 1.0 9.7 318 440 8.2 

1971 1 185 30 3.0 490 1186 1400 8.3 

a Microhnos at 25 ° C 
b No Units 

'lhe next table presents the quality of water at M:S~,9 for the years 1963 • through 1972. 
Qua1i ty of Surface Water at M:S-3. 9 

(Average of a nuni::>er of analyses in ng/1 except as noted) 

No. of 
N)3 ·Year Analyses Na C1 F '!'OS Conductance a piP 

1963 1 43 6 .• 4 <.4 221 290 7.7 

1964 3 152 29 .9 114 748 920 8.0 

1965 2 114 12 1.6 37 552 600 9.6 
• 

1966 2 102 32 1.5 15 437 500 8.6 

1967 2 132 20 1.2 15 356 400 7.9 

1968 l llO 15 2.2 11 1260 - '370' 8.3 

1970 1 260 20 1.0 246 662 820 8.5 

1971 3 280 104 1.5 303 1390 1300 8.2 

1972 4 139 39 1.5 299 1098 1235 7.8 • 
a Micronhos at 25 ° C 
b -- -- .. -



Analxses tran Stations M:S..,...3,8 and M:S~3,9 are of return flow fran the 

• alluvium, in which the nitrate increase in the latter part of the peri~, ;is 

quite prominent. 'lbtal dissolved solids also shc:ws a large increase in con-

• 

·-
• 

centration. 

'lhe following table Shows analyses of water at G:luging Station GS-2 

which is mainly waste water from New Sign-a Bldg. 

No. of 
Year Analyses 

1962 1 

1964 2 

1965 1 

Quality of Surface Water at Gauging Station 2 
(Average of a nmber of analyses in ng/1 except as noted) 

Na Cl F ID3 'IrS Conductance a 

48 6 .a .2 232 250 

151 17 1.8 10.0 544 600 

167 20 1.3 10.0 552 640 

a Micrormos at 25 ° C 
b No Units 

p~ 
7.7 

9.5 

10.2 

Selected netal ions were analyzed fran sanples of water collected at Gauging 

Station 1 in 1971 aril 1972 and fran MCS-3. 9 in 1971. 

Source 

No. of Analyses 

In Solution 

Cadmium 
Beeyl1iun 
lead 
M=rcw:y 

Particulates 

Cadmium 
Beryllium 
Iead 
Marcuey 

Metal I.on Analysis 
(Average of a nurrber of analyses in }.lg/1) 

Gauging Station 1 

3 
• 

2.6 
.26 

<1.0 
.26 

0.30 
<.25 
1.2 

.41 

MCS-3.9 

2 

5.4 
<.25 
9.2 
<.02 

0.38 
<.25 

<1.0 
< .02 



son.cs 

GS•1 
C!'-1 
GS-·1 
GS•1 
C$•1 
CS•1 

t!CS-3.9 
HCS-3.9 
I!CS-3.9 
MCS-3.9 
MC$•3.9 
KCS•3.9 

'"' cs-2 

2, Fadiochenical Quality of Surface water 
I 

'Ihe surface water in MJrtandad Canyon at GS-1 a.I'ld GS-2, prior to the release 

of effluents from TA-50, contained less than 0. 5 fCi/1 of plutonium and gross 

beta was near or below 14 :f(:i/1. The following table presents radiochemical 

quality of water fran 1962 through 1965. 

Padiochemica1 Quality 1967-1965 

N:>. of pCi/1 ___J:!~/1 
Station Year Anal:(ses · · Gross Beta TotalPu Total Uranium 

GS-1 1964 6 570 6.0 1.1 
GS-1 1965 5 1200 2.5 .a 
M:S-3.8 1963 2 18 <.5 .7 
M:S-3.8 1964 5 180 4.5 <.5 
M:.S-3.8 1965 4 140 1,2 ,8 
M:S-3.9 1963 1 <14 ~.5 <.5 
M:S-3.9 1964 3 100 2.9 <.5 
M:S-3.9 1965 2 80 <.5 <.5 
GS-2 1962 1 <14 <.5 <.5 
GS-2 1964 2 490 2.7 .8 
GS-2 1965 4 140 1.2 <.5 

'Ihere was no analyses of surface water in 1966. '!he follCMing table pre

sents the radiochemical quality of water fran 1967 through 1972. 

M01l'fAIIDA8 CAUOW 

SU1lPACI ri~v SAM?LlJG SitES 

aADlOCKEMlCAL QUALl'f'f OP WAtlll 

TEAK t!Al• I G•oss r.•oss 238 239. 241 226 234 137 90 3 
SAM PUS Al.fKA UTA ru ru A a •• u Ca 51' R. 

1967 1 -1 ]43 -.os -.05 -.nn • 311 .40 -240 -so 
19611 2 -1 292 .46 .42 -.os -.u .sa 25S - -so 
1969 2 10 1174 A. 46 '·" -.nn -.15 1.11 3020 169 241 
19 70 II n 3331 19.119 5.60 3.0" -.15 2.01 6336 :sn 17 
1971 5 31 un4 25.35 5.06 ... n -.15 4.16 3SS6 233 3\ 
1972 .. 12 S20 •• 611 .97 .77 -.~o -.on 718 - 234 75 

19&7 1 -1 97 -.os -.os -.oo -.15 -.oo - 12 
1961 2 1 193 .12 .22 -.os -.15 -.no -240 -
1969 1 -1 142 • 22 .17 -.no -.on -.nn - 6 
1970 2 2 309 .35 .21 -.oo -.on -.:HI - 17 391 
19 71 4 10 8l7 3.14 .34 -.on -.15 -.oo 323 167 4S 
1972 .. 12 523 5.91 ·" .116 -.oo -.oo -350 - 46933 

1971 1 9S 312 1.05 5.00 2.02 -.15 2.03 390 It 21 
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~us 
u 

.021 
.271 
.621 
.oa 
.021 
3.1~0 

.a:1 
3.111 
1. 221 
1.lt7l 
S.S71 
"'""'_30 

~21 
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In general the sur.face water near the effluent outfall contains the 

largest concentrations of radioactivity which decrease with increase distance 

from the outfall. 

D. ~vater in Alluvium 

\'~ater in the alluvium is recharged fran industrial effluents, stonn run

off and waste water. As the water in the alluvium reeves Cb.mgradient in the 

canyon, loss to evapotranspiration and into the underlying tuff is of li.rni ted 

extent. 

The volume of water in the alluvium was calculated from the known volUite 

of saturation in the alluvium as determined by test drilling, and subsequent ( 

water level in test holes as the volurce of water fluctuates, dependent on 
<:ll" .._ 

arrcunt of recharge. 'lhe following table presents the volume of water in stor-

age in the aquifer as of Decarber 31 for the years 1961 through 1972 and 

the annual volume of surface and ground water loss in the canyon. The calcu

lations are based on volume of infl.ow at GaU;ing Station 1 for the year and 

changes in storage. 

Storage in h;{uifer and Surface and Grotmd Water Loss 

Year 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

Storage in aquifeza 
(x 103 m3> 

20 
20 
22 
24 
25 
20 
30 
24 
25 
20 
29 
23 

• 

a Storage as of.December 31 

Annual surface and 
ground wa~ l~ss in canyon 

(x 10 m ) 

70 
150 
108 
123 

93 
129 
118 
146 
108 

66 
89 



Storage ~- t:he aquifer has ranged fran 20 x 103 rn3 to 30 x 103 m3 from 

the years 1961 through 1972. The· volume of loss has ranged from 70 x 103 m3 • 

to 146 x 103 rn3 • The volume of water in storage has remained fairly constant 

for the period of record, The loss from storage has been essentially equal 

to the voll.ll'[e of surface water infla,~ for the year, thus, the aquifer has 

rercained of limited extent, within the project boundaries. 

The canyon has been subdivided into three sections to facilitate catpu-

tation .of storage. 'Ihi.s division is som=t.i.Ires used to CCI!Tp\lte the mass of 

radionuclides or chani.ca.ls in storage. The followir'lg table presents the 

volume of water in storage in the alluvium in the three sections of the 

canyon fran 1961 through 1972 as of Decerrber 31. 

Volune in Storage in Three Sections 
of Aquifer, 1961-1972 

Volune in x 10~ ~ a/ 
Year Upper Middle ~ 'Ibtal 

1961 3.2 3.3 13.3 19.8 
1962 2.4 5.7 11.8 19.9 
1963 2.1 3.5 16.5 22.1 
1964 5.9 4.7 13.2 23.8 
1965 3.9 6.3 14.9 25.1 
1966 2.8 3.1 14.2 20.1 
1967 6.7 5.1 18.3 30.1 
1968 5.2 4.7 14.3 24.2 
1969 2,9 5.6 16.6 25.1 
1970 2.5 2.9 14.4 19.8 
1971 4.8 7.1 16.9 28.8 
1972 4.4 • 5.0 13.5 22.9 

a As of Decetbe.r 31 

Water sarrples were oollected from ten (10} observation holes (Fig. 10). 

The depth to water ranges fran about 1.2 rn at Observation lble MX>-3 to 24 rn 

at Observation Hole M:X>-8. The water levels will vary dependent on the 

vo~ume of ~ter entering the canyon as surface flew. 

-143-

,,/ 

• 



• 

''"-··· • 

• 

1, Chanica! Quality of Water ·in Alluvium 

Sa.Itf?les we.re collected and analyzed pr.ior to the release o~ effluents 

from 'm-50 to provide a base line of the chemical quality changes that would 

occur in water in the alluvium. 

'Ihe followi.rig table presents a surmary of the chemical quail ty of water 

prior to the release of effluents fran TA-50, 

Chemical Quality of Water in Alluvium, 1961-1962 

(average of a number of analyses in 1113'/1 except as notal) 

Obs. No. of 
Hole Analyses Na Cl .F 'OOJ TnS ;Conductancea 

MD-1 1 95 10 1.0 o.s 175c 270 
M:D-2 1 115 12 1.0 1.5 18sC 290 
MCD-3 3 52 7 0~7 0.9 398 -< 420 
MD-4 3 48 7 0.7 0.8 370 440 
MD-5 3 28 .7 0.7 0.8 203 270 
M:D-6 3 16 8 0.7 1.1 325 350 
MCD-7 3 15 7 0.7 1.1 283 240 
MD-7.5 2 18 8 0.4 1.4 230c 350 
MD-8 3 16 7 0.7 0.9 175 230 

a MiCJ:Qmhos at 25° C 

b N:> Units 

c Estimated 

pifJ 

7.1 
7.0 
7.1 
7.2 
6.7 
6.6 
6.7 
6.8 
6.8 

Observation Holes lC0-1 and MD-2 were drilled in or near the stream channel 

to depths of less than 2 m. The chemical quality is essentially the same as the 

stream or cooling water discharge:i fran,TA-48. No sanples were oollected after 

1962. 

Observation lble KD-3 is located 122 m west of the effluent outfall. 'lbe 

role was drilled to a depth of 3.6 m. The depth to water is about 1 m. 'Ihe 

average chemical quality of water fran 1961 through 1972 is presented on the 

folladng table • 



Olanical Q.lality of Water, rc:>-3 
(average of a nurcber of analyses in rrg/1 except as noted) 

No. of 
ro3. Year Analyses· Na cr F Tns./ Conductance. r 

1961 1 59 8 1.0 0.9 250c 380 
1962 2 48 7 0.4 0.8 398 460 
1963 9 109 15 0.9 45 458 540 
1964 10 165 28 2.2 73 673 740 

1965 5 100 13 1.6 22 428 460 

1966 3 89 16 1.2 13 359 400 

1967- 2 100 14 1.2 8.8 253 290 

1968 2 84 12 1.4 5.3 229 310 

1969 2 237 5 3.0 7.0 567 660 

1970 4 210 20 1.0 761 738 790 

1971 4 256 69 2.6 260 964 1215 

1972 4 234 28 1.6 285. 977 1075 

a Micrarrhos at 25° C 

b No Units 

c Estimated 

Observation lble MCD-4 is located 1460 m east of the effluent outfall. 

The hole was drilled to a depth of 5. 8 m. The water level is about 3. 7 m. '!he 

average chemical quality of water from 1961 through 1972 is presented on the 

following table. 

• 
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01emi.cal Quality of Water, KD-4 

• · (average of a nurrber of ~lyses in :rrg/1 except as ooted) 

No. of 
NJ3 Co c1 ctan··~ a Hb Year Analyses Na Cl F TDS n .u ce E 

1961 1 52 8 1.0 1.0 210c 320 6.8 

1962 2 44 6 0.4 0.5 371 440 7.2 
1963 9 72 11 0.5 37 387 415 7.4 

1964 10 140 26 0.7 96 605 750 7.6 

1965 5 144 15 1.2 57 455 640 7.9 

1966 - 3 113 26 0.9 26 433 500 7.9 

1967 2 140 22 1.6 18 341 435 7.6 

1968 2 128 10 1.6 · s.a 296 395 8.0 

1969 2 118 10 <0.1 ~2 293 390 8.2 

1970 5 158 18 0.7 202 624 740 7.8 

1971 4 262 77 1.0 .392 1108 1300 7.6 

1972 4 262 42 1.4 299 1018 1175 7.6 

........ 
• a Micromhos at 25° C 

• 

b No Units 

c Estimated 

Observation lb1e M:X>-5 is located 1841 m east of the effluent outfall. The 

hole was drilled to a depth of about 11, 5 m, The water level is about 6 .4 m. 

The average che:ni.cal quality of water f~ 1961 through 1962 is presented on the 
follao~ing table. 

• 
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Chanical Quality of Water, :r.rn-5 
(average of a number of analyses in rrg/1 except as noted) 

• No. of 
Year ~.nalvses Na Cl F N:>3 'IDS Conductancea olf 
1961 1 29 6 1.0 1.0 186 220 

1962 2 28 8 0.4 0.6 220 320 

1963 8 36 7 0.4 3.5 222 241 

1964 iO 102 22 0.4 89 494 601 

1965 - 5 101 13 0.3 44 396 496 

1966 4 133 27 0.2 40 411 608 

1967 1 164 13 1.0 0.8 315 350 

1968 2 128 15 .0.4 8.8 307 360 

1969 2 118 12 <0.1 28 28i 375 

)..970 1 131 10 <0.1 20 546 660 

1971 4 209 46 0.4 367 926 1100 

1972 4 199 57 0.5 216 808 955 

a Microhmos at 25° c 
b No Units 

Observation lble MJJ-6 is located. 2234 m east of the effluent outfall. 

The hole was drilled to· a depth of 21. 6 m. The water level is about 11 m. 

The average chemical quality of water from 1961 throu;h 1972 is presented on 

the folla.-1ing table. 
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• 

Observation Hole M::0-7 is located· 2554 m east of the effluent outfall. The 

oole was drilled to a depth of 20.7 m. The water level is about 12.2 m. The 

average chemical quality of water fran 1961 through 1972 is presented on the 
• 

folla.o1ing table • 
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Olemica1 Quality of l'later, r.m-7 

{average of a number of analyses in rrr~/1 except as noted) • l\To. of 
Year l'.r.alyses Na Cl F 

N03 
TDS Conductancea pHb 

1961 1 14 7 1.0 1.4 237 220 

1962 2 16 7 0.4 0.7 330 260 

1963 6 23 6 0.4 3.1 222 245 

1964 10 32 12 0.4 33 235 288 

1965 . 5 48 8 0.4 . 22 258 310 

1966 3 71 25 0.1 28 309 452 

1967 2 140 18 0.2 15 362 435 

1968 2 112 15 0.2 6.6 314 360 

1969 2 122 15 <0.1 15 360 375 

1970 3 90 13 0.2 35 357 407 

1971 4 166 28 0.6 374 872 995 

1972 4 170 74 0.3 217 785 925 

a Microhrros at 25° C 

b N:J Units 

Observation Hole MD-7. 5 is located 2844 m east of the effluent outfall. 

'Ihe oole was drilled to a depth of 18. 3 m. 'lhe water level is about 13.7 m. 

'Ihe average chemical quality of water fran 1962 through 1972 is presented 

on the folla.dng table. 

• 
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• 
Year 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 
1971 

1972 

• 

• 

Chemical Quality of Water, MD-7.5 

(average of a n\Jitber of analyses in rrg/1 except as noted) 

No. of 
Analyses Na Cl F NJ3 TDS Conductance· a pH b 

2 18 8 0.4 1.4 905 350 

5 17 6 0.4 2.2 237 336 

10 23 12 0.4 39 370 349 

5 so 13 0.5 60 340 408 

3 69 28 <0.1 35 391 460 

2 145 20 <0.1 26 426 465 

2 123 10 0.4 3.5 322 390 

2 llO 8 <0.1 7.9 454 395 

2 86 8 0.1 35 303 400 

3 190 24 o.s 378 889 973 

4 166 77 0.2 216 792 930· 

a Microhnos at 25 ° C 
b No Units 

Observation Hole MD-8 is located 3027 m east of the effluent outfall. 

'lhe b::>le was drilled to a depth of 25. 3 m. The water level is about 21. 3 m. 

'Ihe average chemical quality of water from 1962 through 1972 is presented on 

the following table. 

• 
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shaNs the increase of certain chemical and physical oonstituents. There was 

no change in flooride. 'lbtal dissolve5 sol;ids increase about three fold. 

'nle rrajor change is seen by the release of a predaninately alkaline effluent 

with a high ooncentration of sodium. 'Ih:is has resulted in a change from a 

slightly cr-id water to a basic water in the alluvium. 
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Chemical Q.Jal.ity of r7ater 1962 and 1972 

• (average of analyses from seven' observation holes) 

. 1962 1972 

ScY.lium (mg/1) 28 196 

Chloride (mg/l) 0.8 242 

Fluoride (mg/l) 0.7 0.7 

Nitrate {mg/l) 1.0 55 

'Ibtal Dissolved Solids (m;/1) 292 860 

Conductance (lJI'C'bJS) 330 1000 

pH 6.8 7.6 

Select metal ions lvere analyzed in water fran observation holes 

in 1971 and 1972. Traces of the fEM constituents found are slightly higher 

than lvhat w::>uld be expected in natural waters. 

Metal Ion Analyses, 1971-1972 

(average of a mmber of analyses i.ri lJg/i) 

Source . M:0-3 M:0-4 MC0-5 M:'0-6 'tw'ID-7 M::0-7.5 

No. of Analyses 4 2 3 3 4 3 

In Solution • 

Cadmium 5.0 5.2 4.8 3.2 6.9 0.33 
Eeryllium <0.25 0.26 0.35 0.40 <0.25 <0.25 
Lead 26 16 9.3 1.7 2.9 1.7 
Z.Iercury 0.05 <0.02 <0.02 <0.02 <0.02 <0.02 

Particulates 

Cadmium 0.86 0.69 1.4 2.2 0.53 3.2 
Beryllium 0.35 0.46 0.73 1.7 0.53 2.6 

" Lead 22 27 26 32 37 57 
Hercury 0.12 0.10 0.08 O.ll 0.10 0.19 
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2. Inventocy of Cheni.cal Released and in Stora9! 

An inventory of cheni.cals released into the canyon was estimated using 

the annual average concentration and volune of effluent for the period July 1963 

through Decerrber 1972. 'lhe inventory of chemicals in solution in the aquifer 

was made prior to release of effluents and in Dec:errber 1972 by using the ave

rage annual concentrations fran seven (7) Observation Holes and the volume of 

water in storage. The following table presents mass of chenical release:i with 

effluent, the mass in storage prior to release of effluents. and the mass in 

storage after 10 years of effluent release. 

Inventory of Chemicals in Effluents Released 
and in Storage in the Aquifer 

Chanical 

Calcium 

Magnesium 

Sodium 

Carbonate 

Bicarbonate (as Ca003) 

Oll.oride 

Fluoride 

Nitrate 

'lbtal Dissolved Solids 

'roTAL 

Effluents 
1963-1972 

32 

1.4 

143 

126 

210 

26 

1.1 

120 

519 

989.5 

kg X 103 

In Storage 
1962 

0.2 

.08 

.6 

0 

1.8 

.1 

.01 

.06 

6.4 

9.2 

1972 

0.9 

.3 

4.9 

0 

5.1 

1.2 

.01 

5.7 

20.9 

39.0 

'1he inventory of chanicals releasEd into the canyon are estimated at 

989 x 103 kg. 'lbis increased the mass fran 9. 2 x 103 kg in 1962 (pre-release) 

to 39.0 x 103 kg in 1972 {af~ 10 yea.xs of release). The arrount of chemicals 

unaccotmted for in the inventory were taken up by plants, base exchange with 

alluvial naterial in the stream channel or carried into the tmderlying tuff 

by infiltrating water. 
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The sodium._ (alkali) and salinity hazard of ·water in storage in the aqui-

. 
fer was corrpiled fran annual average concentration of scxlium, calcium, and 

magnesium (SAR) ani conductance. 

Sodium and Salinity Hazard 
in Storage in the Aquifer 

Sodium Conductance Salinity 
Year SAR (Alkali Hazard) (1J!fhos/cm). Hazard 

1962 2.1 1011 360 m:rlium 

1963 3.2 lar~ 360 medium 

1964 1.1 lc:M 510 medium 

1965 5.5 laol 440 ne:llum 

1966 5.4 lar~ 470 madi.um 

1967 7.2 low 400 medium 

1968 5.9 lar~ 360 medium 

1969 6.7 low 410 rredium 

1970 5.9 1011 560 medium 

1971 7.9 laol 1160 high 

1972 9.6 low 1000 high 

l Radiochemical Olality of Nater in Alluvium 

Sarrq;>les were collected and analyzed prior to release of effluents 

fran TA-50 to provide a base line of the radiochemical changes that would occur 

in water in the alluvium. 

The following table presents a surmary of the radiochemical quality 
• 

of water prior to the release of effluents :fra.\ TA-50. 
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Obs. 
Hole 

M:0-1 

?J".co-2 

J.0)-3 

M:X>-4 

MX>-5 

l10J-6 

M:0-7 

M:X>-7.5 

M:0-8 

Radiochan.ical Quality of l'later in AllU\Tium 

(average of a number of analyses, 1961-1962) 

1--"b. of pCi/1 
Analyses Gross Beta TotalPu 

3 <14 <0.5 

3 <14 <0.5 

5 <14 <0.5 

5 <14 <0.5 

5 <14 <0.5 

5 <14 <0.5 

5 <14 1.8 

1 <14 3.1 

5 <14 <0.5 

l19:/l 
Total Uranium 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

The foi:1owing table presents radiochemical data;l963 through 1965 

after effluents were released into the canyon • 

• 
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Radiochemical Quality 1963-1965 ., 
(average of a number of analyses) ,,, 

;·;r-·. 

·.,:;!'' • Obs. No. of p:i/1 '1; l.lg/1 
Hole Year Analyses Gross Beta Total Pu"' Total Uranium 

r~o-3 1963 2 14 6.5 <0.5 
M:'0-3 1964 10 247 3.2 <0.5 
M:'0-3 1965 5 131 1.7 3.8 
:r.m-4 1963 4 54 1.8 <0.5 
MD-4 1964 10 136 4.1 <0.5 
M:0-4 1965 5 130 1.6 <0.5 
MC0-5 1963 1 23 <0.5 <0.5 
M:0-5 1964 10 105 2.2 <0.5 
M:0-5 1965 5 34 1.4 <0.5 
M:'0-6 1963 3 26 <0.5 1.5 
:t-x:x>-6 1964 10 64 2.0 <0.5 
MJ:>-6 1965 5 32 2.0 <0.5 
MD-7 1963 3 <14 <0.5 <0.5 • M:0-7 1964 10 38 <0.5 0.6 
MX>-7 1965 5 15 <0.5 <0.5 
M:X>-7.5 1963 2 <14 <0.5 <0.5 
MC0-7.5 1964 9 30 0.5 o.s 
rt.co-7 .5 1965 6 17 <0.5 <0.5 
.t~.co-8 1963 3 <14 <0.5 <0.5 
rm-s 1964 10 16 0.7 1.5 
MD-8 1965 6 <14 <0.5 <0.5 

• 
The concentrations of plutonium were greater near the effluent dis-

chaT:"ge area and decreased downgradient :in the canyon. Only trace concentrations 

of plutonium were noted at observation hole t-1:0-7 by 1965. Gross beta emitter 

in the \V<iter shcMed the same general pattern as the plutonium decreasing in con-

centration downgradient in the canyon. The gross beta activity rray have extende<;"L, 
\ 

to hole M:0-7.5. Total uranium showed no apparent increase or trend in the can~ 

-157-



~: 

""'-• 

"" 

'"\ 

SO'CilC! 

KC0•3 
tiC0-3 .... t1C0•3 
'HC0•3 
MCO•J 

.... KCO•J 

MC'l•4 ... MC0-4 
~co-4 

· co-4 
~co-4 co-4 

MC0-5 
MC0-5 
MC0-5 
11C0•5 
MC0-5 
MC0-5 

HC0-6 
tiC0-6 
tiC0-6 
MC0-6 
MC0•6 
MCIJ•6 

HC0•7 
tt.:o-7 
HC0-7 
MC0-7 
tiC0-7 
HC0•7 

tiC0•7.5 ,.... MCC-7,5 
MC0-7.5 
HC~-7.5 

~ 
tiC0-7,5 
11C0-7, 5 

- HCO•I 
HCO•I 
HC?-8 
MCO•I ,.... 
HCIJ•8 
HCO•I 

• 

There \>i·ere no _radiochemical analyses of water in the alluvium in 1966. The 

following table presents a recap of radiochenical analyses from 1967 through 

1972. 

MORT A~ DAD CAno• 

ALLUVIAL AQUIFia OBSEJlVATIOI VEI.LS 

JlADIOCli!I'IICAL QUALITY OP VATEa 

YEA a HAlt• I C!!.OSS CliOSS 231 239 241 226 234 137 90 
SA.'!PUS ALPHA UTA ru •• A a •• ' Ca ·~ 

1967 1 .-1 116 -.o5 .14 -.oo -.15 -.oo 
1961 2 1 166 .27 . .22 -.o5 -.15 2.77 -240 
1969 1 7 9l .27 .35 -.oo -.oo -.oo - -1970 5 6 505 1.03 ,47 .20 -.15 -.no 345 92 
1971 4 . . ~ . 21 1471 14,31 1.60 -.oo -.15 -.oo 2090 314 
1972 4 11 612 3.94 • 35 .so -.oo -.oo 382 

1967 1 -1 ll -.o5 ,06 -.on -.15 -.oo 
1961 2 1 ll ,11 ,43 -.os -.15 1.48 -240 
196? 3 3 129 .14 .12 -.on -,01) -.oo 
1970 6 3 141 .11 • oa -.on -.15 -.oo -230 -. 1?71 4 '3 411 ,23 ,07 -.on -.no -.oo -277 179 
19 72 4 9 3U .93 ,16 ,10 -.oo -.oo •350 

1967 1 2 9 -.05 -.o5 -.oo -.15 -.oo -196S 2 1 " .11 ,63 3,11 -.15 -.oo -240 
H69 2 -1 29 .os .0? -.on -.oo -.oo 
1970 2 4 25 .06 -.o5 -.oo -.no -.oo - -1971 4 1 186 ,09 -.05 -.on -.oo -.no -263 175 
1972 4 3 112 .14 .07 .19 -.oo -.oo :-350 

1967 1 2 7 -.o5 ,09 -.on -.oo -.oo 
1961 2 6 27 .07 ,79 -.o5 .36 -.oo -240 
1969 2 4 11 -.o5 .06 -.on -·.15 -.oo 
1970 6 4 31 -.os -.os -.oo -.15 -.no -230 
1971 4 2 161 .o5 -.os -.on -.oo -.oo -240 
1972 4 2 132 .os -.o5 .22 -.oo -.oo -350 

1967 1 2 2 -.1)5 .05 -.on -.oo -.oo -196S 2 1 10 -.os .11 -.os -.15 -.oo -240 
1969 2 5 ' -.os ;OS -.on .19 -.oo -1970 4 2 17 -.o5 .06 -,01) -.01) -.ol) -230 
1971 4 -1 105 .09 -.os -.on -.on -.oo -265 
1972 4 2 7l .12 .06 .ol -.oo -.oo -350 

• 1?67 1 3 11 -.o5 • 06 -.on -.15 -.no -1961 2 2 ' .11 ,32 ,11) .56 -.on -240 
1969 2 1 39 .10 .15 -.on -.on -.nl) 
1970 3 7 32 • 32 .37 -.no -.on -.oo -240 
]9 71 3 1 61 ,12 ;..,o5 -.oo -.no 

__ ,, 
-277 

1972 4 1 70 .os ,12 1,01l -.oo -.110 -350 

19117 1 -1 10 -.os -.ns -.nn -.15 -.on -196S 2 -1 a ,05 .11 -.o5 -.no -.oo -240 
1969 2 1 22 -.1)5 -.05 -.on -.oo -.no -
1? 70 4 -1 10 ,06 -.115 -.oo -.no -.oo -230 
1?71 -.oo .--~~ -.oo -.no -.oo 
1972 3 1 41 .10 ... • 31 -.oo -.no -350 
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During 1972, gross alpha activity decreased from 11 f(:~l to less than 

1 P:::i/1 dc:Mngradient in the aquifer. Gross beta decreased fJam 612 to 
t. 

46 P:i/1. 'nle concentration of plutonium was greater for 23~u than 239Pu 

as shcJ..m on the preceeding table. 'Ihe influent to the plant was carrying 

rrore 238pu than 239Pu for treatment. The 238pu decreased fran 3. 94 to 

0.10 p:::i/1 da.vngradient in the canyon. 'nle 239Pu varied from <o.s to 0.52 

P:::i/1 shCMing no particular trend. 'Ihe 241Am in the aquifer also varied in 

the canyon showing no particular trend. Tritium increased from 47 x 103 to 

129 x 103 pCi/1 dc:Mngradient in the canyon. 'lhe increase was due to the re-

lease of 20 curies of tritium with effluent in 1969 and sh::Ms residual from 

rrovanent downgradient. 

E. Inventory of Plutonium in Solution in Storage 

An inventory was made of the total plutonium in solution in the aquifer 

_,t_· • 

by using the average concentration in three sections of the aquifer and volume ~ 
of water in storage as of Decerti:>e:r 1972. The following table shows data used 

.in estimating inventoey. 

Inventoey of Plutonium In Solution 

TotalPu Av. Pu Volurre in Aquifer 'lbtalPu 
section Obs Hole (pCi/1) (f(:i/1) x 10~ rn3 llCi 

Upper MX>-3 4.29 
MD-4 1.09 2.69 4.4 11.8 

Middle MX>-4 1.09 
Ml>-5 .21 • 
Ml>-6 .13 0.72 5.0 3.6 

I.c:Me:r Ml>-6 .13 
Ml>-7 .18 
Ml:>-8 .6 0.28 13.6 3.8 

'!OTAL 19.2 

'lhe total arrount of plutonium in solution in the aquifer as of Decerrbe:r 

1972, was estimated to be 19.2 pCi. The annunt of plutcniun released with ... 

the effluent from 1963 through 1972 was 21.9 nCi (21. 9 x 103 lJCi) • 'lhus, only 

a small fraction (0.08%) of plutonium released was present in solution in the 
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F.· Storm R.moff and Transport of Radionuclides 

Three stations were establisherl and equipped with cumulative sarrplers 

at GS-1 1 GS-2~ and midway between GS-1 and GS-2. The stations were equipped 

with 5 sanplers each. 'Ihe water fran the samplers was combined for radio-

chenical analyses for flCM events on July 11 1 1967 and Septenber 14 1 1967. 

The average of the radiochan:ical analyses for sto:rm runoff event July 11 1 

19671 are shc:7Nn on the follc:Ming table. 'lbtal volume of runoff was about 

560 rn3 through the GS-1 gauging station. 

Runoff event July 11, 1967 rn P:i/1 

Source 
Upper Middle I..c:Mer 

Gross alpha 2 2 <1 
Gross beta 94 163 205 
238 Pu .13 .17 .12 
239 Pu .13 .56 .37 
231t u .25 .69 1.13 
226 Ra <.15 <.15 <.15 
137 Cs <240 <240 <240 

The radiochemical analyses of stoJ:m nmoff that occurred on Septed:ler 14 1 

1967 are shCMn on the following table. The voluem of sto:rm nmoff was about 

1.1 x 103 rn3 through the GS-1 gauging station. 

Gross alpha 
Gross beta 
238 Pu 
239 Pu 
226 Ra 
137 Cs 
'lbtal Uranium 

StoJ:m runoff September 14, 1972 
(analyses in ~i/1 except as noted) 

Upper 

2 
35 

.18 

.22 
<.15 

<240 
<.4 

.. 
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Middle 

1 
123 

.32 

.09 
<.15 

<240 
.5 

Lower 

3 
80 

.18 

.67 
<.15 

<240 
16.9 



Serlilrents fran the UfPE!r station were analyzed for gross alpha and gross 

beta for the runoff event that occurred on July 11, 1967. The analyses were 

rrade of the five sarrples collected at 0. 0 rn, 0. 3 rn, 0. 6 rn, 0. 9 m, 1. 2 m 

above the stream channel to detennine the distribution of radionuclides at 

various heights within a flow event. 

The anlayses indicate that the concentrations of radioactivity decrease 

with increasing height al:x:>ve the channel. The sedinent concentrations also 

decrease \·lith increasing height above the channel, the heavier and larger sedi-

m::mts being transported as channel bed sediments. The larger and heavier 

suspended sed.irrents decrease with the increased height above the channel 

with lighter and finer susper..ded sed.inents near the top of the flow. 

Height above 
stream channel 

(rn) 

0.0 
0.3 

0~6 

0.9 

1.2 

Sed~ents analyzed; runoff event 9/11/67 

Gross 
alpha 

171 
175 

44 
15 
14 

• 

Picocuries per dry gram 
Gross 
beta 

234 

297 

68 

72 

28 

In general the finer sediments (clay and silts) contain the greater anount 

of radionuclides; however, the transport of the finer naterial is greater over 

a period of flow along the base of the channel due to a greater concentration 

of a mixture of sediment sizes and duration of flow (tail-off of runoff de-

creases with time) • 

G. Radiochemical Analyses of Cuttings from Test Holes 

'IWenty-seven (27) test holes were drilled in seven lines across the canyon 
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in the fall of .1960. 'Ihe test holes are located above the stream channel. 

Samples were collected and analyzed of the upper 0.6 m of the hole for gross 

alpha and beta emitters. Locations are the sane as observation holes. The 

follCMing table presents average activity for a number of holes drilled in 

the line. 

Fadiocheni.cal Analyses of Cuttings 
(average of a m.mber of analyses in counts per minute per dry gram) 

No. of Gross alpha Gross beta 
Location Holes 0.3m 0.6m 0.3m 0.6m. 

Line 1 3 1.3 3.0 1.4 13 
Line 2 2 1.6 5.2 1.8 <.5 
Line 3 2 1.3 < . 5 1.0 <.5 
Line 4 3 1.0 2.7 1.4 <.5 
Line 5 4 1.3 2.4 1.2 1.0 
Line 6 6 0.8 2.3 1.0 1.8 
Line 8 7 1.4 20 1.8 22 

The analyses shc::M background in rrost of the cuttings. The gross beta 

activity at Une 1 may be in part fran TA-46. Line 8 shews excessive arrounts 

of gross beta activity that nay be in part from effluents released from Ten

Site. There were also some liquid effluents released f:rom Ten-site into 

Ten-Site Canyon which is confluent to M:>rtandad upgradient fran Line 8 and 

belON Line 6. 

H. Radiochemical Analyses of Sedinents 

Channel sediments in M:>rtandad and tributary canyons are derived fran 

weathering of the Bandelier Tuff. Particle-size distribution of charmel 

sediments at stations are sl'x:Mn on the foll011ing table. 
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Particle-Size Distribution 

(Percent by Weight) 
Near Near 

Source Ne\v Sigma GS-1 MCS-3.8 M:0-5 TSC-1 MC0-12 

Granules 4.5 15.0 18.0 11.0 1.5 5.5 

Sand 
Very Coarse 16.0 32.0 26.0 20.5 35.0 22.5 
Coarse 52.5 28.5 42.5 41.0 41.0 42.5 
~Ieditnn 21.5 13.0 9.5 17.5 11.5 16.5 
Fine 5.0 6.0 1.5 6.5 4.5 5.5 
Very Fine .3 2.0 0.5 1.0 2.0 1.5 

Silt and Clay .2 3.5 1.0 2.5 3.0 6.0 

The very fine sand and silt and clay size fractions make up less than 

percent by weight of the channel sediments. These sediments have the greatest 

capacity for adsorption and ion-exchange of radionuclides in the liquid effluents. 

1. Sediment Analyses ~brtandad Canyon 

.""" 

• 

·~. 

Radiochemical analyses of alluvitnn from the stream channel were made prior ..,., 

to the release of effluents from TA-50. The results are presented in the 

following table. The samples \vere collected at the surface of the channel 

and at depths of 0.~, 0.6 and 0.9 m below the channel • 

• 
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Type 

of 
activi-
ity 

....... 

.[ 
~ 

CIS 
U) 
U) . 
0 

~ 

CIS 
+-l 
G.> 

..0 
U) 
U) 

& 

• 

Radiochemical Analyses of Sediments, 1-fay, 1963 

(Counts per minute per day gram) 

Sampling Stations 
Depth 

6 below ..... 
land ~ 

+-l 

surface 
tf.).-4 co 
bO • • 

(m) .~:2 t") t") ~ an \0 
I I 

§. .. ~. 
I 

bO 

~ -~·· ~ ~ 

Surface 1 <1 2 1 2 2 

0.3 1 1 2 1 <1 1 

o:6 .3 1 2 <1 2 2 

.0~ 9 2 - 2 1 1 3 

Surface 159 2 2 27 10 36 
0.3 22 13 32 2 <1 <1 
0,6 11 <1 < 1 4 <1 9 . -o.9 3 - < 1 31 15 8 -

• 
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3 

28 
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Another set... of surface sediments \vere collected in November, 1965 and 

analyzed for gross alpha, beta, and garrnna activity. The results are shown 

on the following table. 

Location 

Near New Sigma 

GS-1 

MCS-3.8 

MC0-5 

.KXJ-12 

Radiochemical Analyses of Sediments 
November, 1965 

(Analyses in Counts per Minute per Dry ·Gram) 

Gross Alpha Gross Beta 

1 23 

5 189 

3 60 

24 36 

1 < 1 

Gross Garrnna 

32 

74 

4 

72 

< 1 

• 

"'\ 

A similar set of samples were collected and analyzed for gross alpha, gross ....t 
beta, and plutonium in the spring of 1970. The results are shown on the follow-

ing table. 

Radiochemical Analyses of Sediments 
February an~ f.farch, 1970 

- . 
(Analyses in picocuries p~r d~-.Gr~). 

Location Gross Alpha Gross Beta 238Pu 239Pu 

Near New Sigma 2 • 2 <:oe2 <0.002 

GS-1 76 350 42 46 

MCS-3.8 8 36 1~33 2.44 

MC0-5 6 30 .697 2.14 

MC0-7 3 6 .188 .209 

lviC0-12 3 5 .003 .016 ~ 
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Additional samples \~ere collected in 1971 and 1972 at MC0-5 • 

Gross Alpha 

Gross Beta 

238Pu 

23~ 

137 . 
Cs 

Total Uranium 

Radiochemical .Analyses of Sediments at 

MC0-5, 1971 and 1972 

(Analyses in picocuries per dry gram) 

5-14-71 

6 

31 

1.61 

1.11 

.07 

10-14-71 

4 

20 

.044 

.384 

130 

.19 

10-10-72 

2 

24 

1.98 

.78 

63 

.67 

The results of the 1965 and 1970 analyses indicate no sediment transport 

out of the disposed area or off the AEC controlled property. 

2. Sediment Analyses Ten-Site Canyon 

Samples of sediments in Ten-Site Canyon \~ere collected and analyzed for 

radionuclides due to the release of effluents from TA-35. The earliest 

analyses were made in 1956. The following table show results of analyses 

of surface sediments from 1956 through 1961 • 

• 



The high activity in the Canyon is due to strontium. The major isotope 

of strontium ;eleased into the canyon is 89sr as shown by inventory of radio

nuclides treated at the site and released with liquid effluents. 

Radiochemical Analys~s of Sediments 
1956-1961 

Distance from outfall in meters 

At Outfall 60 400 670 930 

Gross Beta l/ 

1956 824,000 885,000 29,600 2,000 1,200 

1957 23,480 3,270 2,510 750 20 

1958 87,420 1,910 2,440 130 

1959 2,801 237 294 33 < 1 

1960 830 370 1,470 260 < 1 

1961 2,130 590 1,530 1,440 850 

Strontium 2/ 
1956 320,000 210,000 56,000 42,000 2,000 

1957 3,800 1,400 87 350 14 

1958 2,500 750 1,400 69 10 

1959 61 39 110 34 

1960 130 76 89 76 

1961 30 22 20 20 

1/ Connts per minute per dry gram 

2/ Picocuries per diy gram · 

. . 
Results of analyses of samples collected in 1965 are shown on the follow-

ing table. 

Location 

At Outfall 

Near TSC0-1 

Radiochemical Analyses, November 1965 

(Analyses in counts per minute per dTy'gram) 

Gross· Alpha Gross Beta 

4 10 

1 10 
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• The results of analyses of samples collected in 1970 are presented on the 

following table. 

Location 
At Outfall 
Near TSC0-1 

Radiochemical Analyses, February 1970 
- (Analyses in picocuries per dry 'gram) 

·Gross ·Alpha 

3 

2 

· ·Gross ·Beta 

7 

4 

I Inventory of Plutonium in Channel Sediments 

23Bpu 

0.063 
0.044 

239Pu 

0.113 
0.369 

There has been no transport of sediments out of the disposal area to the 

disposal area to the botmdary since hydrologic observations in the canyon 

began. 21 The area of the canyon considered for the inventory was detenni.ned 

by the results of analyses that indicated above ground concentration of plu

tonium in the channel. 

The physical characteristics of the channel used in the inventory are 

presented below. 

Physical Characteristics of Channel 

1. 0 to 1 460 m 

Width 1 m Depth 0.15 ~ 
sp. g. 1.57 Weight 344 x 106 g 

2. 1 460 ·m to 3 040 m 

Width 2m Depth 0.15 in 
Sp. g. 1. 57 Weight 744 x 106 g 

The inventories were estimated using the following concentrations for 

February 1970 and October 1972. 
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Concentrations and Total Plutonium 
_,, 

in Sections of Channel • February, 1970 

Concentration Total Pu % of 
Section Station ~Ci7g Ave. mCi Total Pu 

0-1 460 GS-1 87.9 
~1CS- 3.8 3.8 45.8 15.8 93 

1 460-3 040 f'.C0-5 2.8 
M:D-7 .40 1.6 1.2 7 

TOTAL 17.0 100 

October, 1972 
Concent:rat1on Total Pu % of 

Section Station ~Ci7g Ave. mei Total Pu 

0-1 460 M-1 223 
M-2 117 
M-3 91 
M-4 48 

.._I 

M-5 124 • M-6 24 
f.l-7 21 
M-8 9.1 82' 28.2 85 

1 460-3 040 f.1C0-5 2.8 
M-9 11 6.9 5.1 15 

rorAL 33.3 100 

The recap for 19.70 and 1972 is presented below • 

• 
f.brtandad Canyon 

Total Plutonium (mCi) 
Feb. Oct. 

Section 1970 1972 

0-1 460 15.8 28.2 

1 460-3 040 1.5 5.1 ..., 
roTAL 17.0 33.3 • 
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• 
The inventory in M:>rtandad Canyon for February 1970 shows about 17 0 0 

mCi of Pu in the reach from 0 to 3 040 m. The total release from 1963 

through 1969 '~as 21.9 mCio The remaining 4o9 mCi has been carried past 

~~0-8 by storm runoff, but not to ~~0-12 where the sediments contaL1ed only 

backgrotmd amotmts of Puo The inventory in October, 1972 shows about 33o3 

mCi of Pu in the reach from 0-3 040 mo The release during the period 1964 

to 1972 was 42.1 mCi. The remaining 8o8 mCi were carried east of MC0-8 by 

storm runoff but not to M00-12 (Fig. 14). 

Jo Flood Frequency and Maximum Discharge 

There has been no nmoff out of the canyon disposal area to the .AEC 

botmdary since hydrologic observation began in 1960. The canyon heads on 

tha Pajarito Plateau and has a small drainage area. Total drainage area 

west of the county line is about 4o 7 km2 with 1.2 km2 above GS-1, and an 

~ additional 2.1 km2 from GS-1 to Obs. Hole M00-8. Observations indicate that 

• most, if not all, surface runoff into the canyon occurs in the 3. 3 km2 \~est 
of Obs o Hole ~r:o- 8. The canyons contributing runoff are Mortandad, Effluent 

and Ten-Site canyon. East of M00-8, the remaining 1.4 km2 are relatively 

flat with no major or minor canyons entering from adjacent mesas. 

The stream channel east of MC0-6 braids out on the canyon floor as the 

canyon begins to widen and alluVium thickens. The small drainage area ld th 

thick sections of unsaturated alluvium allows rapid infiltration of storm 
• 

nmoff to date. 

As the channel is not well defined in the lO\ier section of the canyon, 

the method for flood-frequency and maximum discharge analyses as described 

by Scott is not applicable. However, as the channel is well defined west 

of MC0-6, the flood-frequency and maximum discharge \'las computed at GS-1. 

• The drainage- area is 1.2 km2 with a mean channel slope of 0.029. 



Frequency 

2-year 

5-year 

10-year 

25-year 

50-year 

Flood-Frequency and Maximum Discharge 

at Gaging Station 1 

~bx. Discharge m3/sec. 

1.1 

3.4 
5.4 

12 

14 

The maximtml discharge during the period 1962 through 1972 was estimated 

to be about 2.3 in which 11 x 103m3 of Hater passed through the gaging sta

tion. This occurred on July 31, 1968 and caused flooding in the canyon 

which ended between MC0-10 and MC0-12. The runoff did not reach the AEC 

boundary. The events predicted by use of Scott's method for the 12 years 

of record appear high. 

• 

The increased construction in the area (TA-3S, TA-SS) will increase the ~ 

storm nmoff into the canyon. At a m::ucimum discharge of 2.8 to 3.4 m2/sec • 

at GS-1, the flood flow will probably reach the boundary and move on to 

Indian land. 

IX. DRAINAGE AREA 8 

Drainage area 8 is a small mesa.top and slope which contain no defined 

drainage (Fig. lS). No data has been collected in the area which is about 

2 o.s km. 

X. "' . DRAINAGE AREA 9 (Canada del Buey) 

Caflada del Buey heads on the Pajarito Plateau. It has cut a canyon in 

the Bandelier 1\lff which is quite narrow and deep just north of TA-46. The 

stream flow in the canyon is intermittent. One small stretch near TA-46 

contains some surface flow from waste \vater released from the operations of '' 

a cooling tower (Fig. lS). The alluvium in the canyon is quite thin and con

tains little or no knmm perched water in tha alluvium. 
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Fig. 15. Drainage Area 8 and Drainaie Area 9 (Canada del Buey) 
showing location of sampling stations. 
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A. Surfac.e Water 
. 

Intermittent flow in the canyon is from storm runoff, though a small 

reach of the canyon contain perennial flow from waste water released on the 

south wall of the canyon from TA-46. It is this waste \vater that is sampled 

for chemical and radiochemical constituents. 

1. Chemical Quality of Surface Water 

The chemical quality of the water in the canyon reflects the release of 

waste water from TA-46. The following table presents the quality of water 

in the canyon from 1967 through 1972. 

Chemical Quality of Surface Water in Canada del Buey 
Near TA- 46, in mg/1 except as noted 

No. of 
Year Analyses Na 

1967 1 
1971 1 
1972 1 

a Microhmos at 25° C 
b No Units 

41 
24 
17 

Cl 

5 
5 
6 

F N03 TDS Conductance a 

2.6 9.7 183 170 
0.8 17 184 180 

1.0 4.4 162 140 

plf 

8.0 
7.3 
7.3 

Select trace metal ion analyses were made of the water in 1971 and 1972 

at the same station. 

Metal Ion Analyses 
lJg/1 
• 
1971 1972 

In Solution 
Cadiriium 0.92 0.25 
Beryllium <0.25 <0.25 
Lead <1.0 5.5 
Mercury <0.02 <0.02 

Particulates 
Cadriiium 0.49 <0.25 
Beryllium <0.25 <0.25 
Lead 2.9 <1.0 
Mercury <0.02 
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TI1e chemical quality of the lvater is good, The concentration dissolved 

is lmv, in the range of water in the municipal water supply • 

2. Radiochemical Quality of Surface Water 

Radiochemical quality of surface water in C~ada del Buey below TA-46 is 

shown below for the year 1970 through 1971. 

Radiochemical Qua~ity of Surface Water in Canada del Buey N~ar TA-48 
pCi/1 exce,t as noted 

Gross Alpha 
Gross Beta 
238Pu 

239Pu 

137Cs 
Tritium a/ 
Total Uranium -
a/ lJg/1 

1970 1971 1972 

1 
5 

< 0.05 
< 0.05 

0.4 

2 
3 

< 0.05 
< 0.05 

0.4 

<1 
2 
0.20 

<0.05 
<350 

1,100 
1.8 

B. Radiochemical Analyses of Sediments 

Channel sediments in Canada del Buey are derived from the Bandelier Tuff. 

The particle size distribution was made of sediments in the canyon at the AEC 

Boundary on State Road 4. 

Granules 
Sand 
Very Coarse 
Coarse 
Medium 
Fine 
Very Fine 

Silt and Clay 

Particle-Size Distribution 
(Percent by Weight) 

2.0 
• 

31.5 
40.0 
13.5 

7.0 
3.0 
2.0 



Radiochemical analyses at the same station for the year 1965 and 1970 

are shown belo\-1. 

Radiochemical Quality of Sediments in Canada del Buey at State Road 4 ~ 
1965 y 1970 21 

Gross Alpha 
Gross Beta 
Gross Garrnna 
2 38Pu 

239pu 

1/ CoW1ts per minute per dry gram 
2/ Picocuries per dry gram 

2 
<1 
14 

C. Flood - Frequency and Naximun Discharge 

1 
1 

<0.002 
0.009 

Canada del Buey heads on the Pajarito Plateau at an altitude of 2 210 ft. 

The flood-frequency and maximum discharge are based on the following data: 

Drainage Areas 3. 4 sq mi Main Channel Slope 110 ft/mi 

Frequency Maximum Discharge 
(Cfs) 

2 Year 2.6 

5 Year 6~2 

10 Year 9.4 

25 Year 19 

50 Year 21 

XI. DRAINAGE AREA 10 (Pajarito Canydn) 

Pajarito Canyon heads on the flanks of the Sierra de los Valles and thus 

drains a large area (Fig. 16). The stream channel is cut into the Bandelier 

Tuff across the Pajarito Plateau. The alluvium is thin in the upper reaches 

of the canyon and thickens eastward. Stream flow in the canyon is inter

mittent from storm nmoff and snowmelt. The intermittent flow recharges \'la-

~ 

ter which moves downgradient in the alluvium overlying the tuff. Water in ~ 
the alluviun is seasonal and dep~ndent on intenni ttent flO\V" for recharge. 
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Fig. 16. Drainage Area 10 (Pajarito Canyon) showing location of sampling 

stations. 
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A. Surface Water 

There is only minor release of water or treated sewage effluent into the 

canyon, mainly from TA-18. There is one surface water sampling station in the 

canyon belO\v TA-18. The canyon bottom in this area has been excavated for 

gravel or base coarse. There are no observation holes in the canyon. 

1. Chemical Quality of Surface Water 

Water samples for chemical analyses are collected from one of the gravel 

pits below TA-18. The following table presents the quality of water from 

near TA-18. 

Chemical Quality of Water in Pajarito Canyon Near TA-18 
in· mg/1 except as' rioted 

• 

No. of N03 Conductanc~ £!:!_ £1 Year analyses Na Cl F TDS 

1962 1 46 

1967 2 36 

1971 1 24 

1972 1 17 

a Micromhos at 25° C 

b No Units 

11 

11 

5 

6 

0.4 0,9 204 210 

1.5 0,9 186 210 

0.8 1.8 184 180 

1.0 0.4 162 140 

Select trace metal ion analyses were made of water in 1971 and 1972 at 

the same station 

• 

7.~ 

t19 • 7.3 

• 
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• 
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In Solution 

Cadmium 
Beryllium 
Lead 
Mercury 

Particulates 

Cadmium 
Beryllium 
Lead 
Mercury 

Metal Ion Analyses 
(In parts per Billion) 

1971 

1.6 
<0.25 
<1.0 
<0. 02 

0.64 
<0.25 

5.8 
<0.02 

1972 

0.38 
<0.25 
4.5 

<0.02 

<0.25 
<0.25 
<1.0 

The chemical quality of the water is good as shown by low total dissolved 

solids. 

2. Radiochemical Quality of Surface Water 

The radiochemical quality of water from the gravel pit near TA-18 for 

1962 and 1967 is presented on the following table. 

Radiochemical Quality of Surface Water 1962 and 1967 

(Picocuries per liter, except as noted) 

No. of Analyses 

Gross Beta 

T"Jtal Plutonium 

Total Uranium a/ 

a/ lJg/1 

• 
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1962 

1 

<14 

< 0.4 

< 0.5 

1967 

2 

< 1.4 

< 0.4 

< 0.5 



B. Radiochemical Analyses of Sediments 

~1ain stems of Pajarito Canyon '"est of TA-18 consist of two canyons, 

Pajarito and Two-Mile Canyons, which head on the flanks of the mountains. 

The sediments in the canyon are derived from weathering of the Tschicoma 

Formation and Bandelier Tuff. 

Particle size distribution from stations in the drainage area are 

shown on the following table while locations are shown on Figure 

Particle-Size Distribution 
(Percent by Weight) 

Stations 1 2 3 4 5 6 7 

Granules 8.5 3.0 17.5 8.0 20.5 2.5 14.5 

Sand 
Very Coarse 22.5 24.0 36.0 22.0 44.0 15.0 34.0 
Coarse 41.0 46.0 34.0 31.5 26.0 52.0 33.5 
?-1edilml 17.5 19.5 8.0 22.0 6.0 26.0 8.0 
Fine 5.5 5.0 2.0 11.5 2.0 3.0 2.0 
Very Fine 2.0 1.0 0.5 3.5 1.0 0.5 2.0 

Silt and Clay 3.0 1.5 1.5 1.5 0.5 0.5 5.0 

The following table presents the radiochemical analyses of sediments 

collected in 1965. 

Station 

1 

2 

3 

4 

5 

6 

7 

Sediment Analyses, 1965 
(Cotmts per minute per dry gram) 

Gross Alpha Gross Beta 

1 • <1 

1 <1 

1 <1 

1 <1 

2 8 

3 <1 

3 <1 

_,.,Q_ 

Gross Gamna 

20 

8 

8 

18 

4 

48 

<1 

• 

._,~ 

• 

-t~, 

• 
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A second set of samples were collected in 1970 from similar stations . 
. 

The results are shown on the following table. 

Sediment Analyses, 1970 
(pCi/g) 

Station Gross Alpha Gross Beta 238Pu 239Pu 

1 1 <1 .018 .003 
2 2 1 .019 <.002 
3 1 <1 .016 .038 
4 2 <1 <.002 .004 
4A 2 2 <.002 .003 
5 2 2 <.002 .009 
6 <1 <1 <.002 <.002 
7 2 2 <.002 .008 

Four (4) samples were collected from station 7 (Pajarito Canyon at State 

Road 4) in 1971 and 1972. The analyses are shown on the following table. 

Sediment Analyses 1971 & 1972 
(pCi/g except as noted) 

5-7-71 10-14-71 . 4-5-72 10-10-72 

Gross Alpha 2 5 2 
Gross Beta 4 18 12 
238Pu 0.002. 0.001 0.003 
239Pu 0.002 0.002 0.026 
137Cs 4.1 1.9 9.1 
Total Uranium 0.07 o.os 0.18 0.58 

The radiochemical analyses of sediments in the drainage area are low, in 

the range of worl&iide fallout. 
• 

C. Flood-Frequency and Maximum Discharge 

Pajarito Canyon heads on the flanks of the mmmtains at an altitude of 

3 170 m, :1 The flood-frequency and maximum discharge are based on the following 

data • 
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Drainage Area 27.4 km2; Main Channel Slope -0.039. 

Frequency 

2-year 

5-year 

10-year 

25-year 

SO-year 

XI I. DRAINAGE AREA II (\'lATER CANYON) 

f-.1ax~ Di scbarge.... 
(m /sec) 

3.0 

7.1 

10 

16 

20 

Water Canyon heads on the flanks of the mountains where it has cut canyons 

into the Tschicoma Fonnation and Bandelier Tuff. Across the plateau the canyons 

are cut into the Bandelier Tuff while along the eastern edge where the canyon 

joins the Rio Grande the canyon is cut into basalts of Chino Mesa and under

lying Tesuque Fonnation. The alluvium is thin in canyons on the flanks of 

the mountains where the channel gradient is steep, and the alluvium thickens 

across the plateau. Near State Road 4 gravels have been removed for use as 

base coarse. 

A. Surface \'later 

A perennial stream occurs in Upper Valles Canyon \vhich is tributary to 

Water Canyon near the center of the plateau. Several springs discharge from 

perched layers in the tuff in Upper Water Canyon (Fig. 17). One of the larger 

Springs (Water Canyon-S-Site Supply) furnishes a part of the \'later supply for 
• 

the S-Site area. Waste water from several areas in S-Site is released into 

Valles Canyon and Water Canyon. This water moves into the alluvium a short 

distance downgradient from the junction of these two canyons. The stream flow 

in the remainder of Water Canyon is intermittent and results from storm run

off and snow melt. There are no observation holes in the alluvium that have 

been used as. a part of the monitoring net. 

• 

• 

• 



• 

• 

• 

Water sampling stations 

Sediment sampling stations 

Fig. lJ. Drainage Area 11 {Water Canyon) showing locations of san 

stations. 



1. Chemical Quality of Surface Water 

Springs that discharge from perched zones in the Bandelier Tuff on the 

flanks of the mountains are American Springs, Armstead Spring, and \~ater • Canyon (S-Site Water Supply). Other sources of surface water is waste 'vater 

near Beta Hole. Beta Hole is drilled through a thin section of alluvium near 

the north side of the canyon and completed 187 ft into the tuff, and is dry. 

The following table presents the chemical quality of water. 

Chemical Quality of Surface Water 
(mg/1 except as noted) 

No. of 
N03 Sources Year Analzses Na Cl F ms Conductancea E~ 

Am. Spr. 1952 1 5 2 0.4 0.7 soc 120 7.1 
Am. Spr. 1967 1 8 3 <.4 .4 112 100 7.4 
Am. Spr. 1969 1 10 3 <.4 .2 147 105 7.4 
Am. Spr. 1970 1 4 1 <.4 .1 soc 120 7.2 
Annstead 

Spr. 1958 1 6 2 .4 .5 70c 105 7.4 
Annstead 

Spr. 1961 1 4 1 .2 .2 65c 100 6.9 
Annstead • Spr. 1969 1 5 2 <.4 .2 123 130 7.3 
Valle 

Canyon 1961 1 3 <1 <.4 <.1 70 6.9 
Water 

Canyon 1952 1 2 5 1.0 <.1 
Water 

Canyon 1967 1 8 5 <.4 .2 37 70 7.9 
Water 

Canyon 1969 1 9 <1 "<.4 .1 112 140 7.5 
Water 

Canyon 1970 1 4 <1 <.4 1.7 86 120 6.9 
Water 

Canyon 1971 1 6 2 .9 .3 98 140 7.2 
Water • 

Canyon 1972 3 7 1 .9 .2 83 120 7.8 
Near Beta 

Hole 1970 1 19 8 3.9 .2 255 280 7.8 
Near Beta 

Hole 1971 1 25 5 .9 .2 160 150 7.3 
Near Beta 

Hole 1972 1 27 14 .4 .1 162 190 7.0 

a Micromhos at 25° c 
b No Units • c Estimated 
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Select tr_ace metal ion analyses have been made of water from Water 

• Canyon (S-Site Supply) and at the station near Beta Hole. 

Metal Ion Analyses 

(In llg/1) 

Water Canyon Near Beta Hole 

In Solution 1971 1972 1971 1972 

Cadmium 0.40 <0.25 1.5 <0.25 
Beryllium <0.25 <0.25 <0.25 <0.25 
Lead 1.3 <1.0 2.0 5.5 
Mercury <0.02 <0.02 <0.02 <0.02 

Particulates 

Cadmium <0.25 <0.25 0.44 <0.25 
Beryllium <0.25 <0.25 <0.25 <0. 25 
Lead 2.2 <1.0 2.2 <1.0 
Mercury <O;X>2 <0.02 <0.02 <0.13 

The total dissolved solids concentration of surface water in the canyon 

• is low, showing only minor deterioration of water used in processes at 

• 

S-Site. 

2. Radiochemical Quality of Sm-face Water 

Radiochemical analyses of surface \vater were made of samples collected 

from .American Springs, Water Canyon· (5-Site Supply), Valle Canyon, and near 

Beta Hole. The results are shown on the following table • 

• 



Radiochemical Analyses 
(pCi/1 except as noted) • No. of Gross Gross 

238Pu 239Pu 
Total 

Source Year .Analyses Alpha Beta Uraniur?f 

American Spr. 1967 1 2 7 <O.OS <O.OS 0.4 
American Spr. 1969 1 <1 3 <O.OS <O.OS 0.5 
American Spr. 1970 1 <1 10 <O.OS <O.OS 0.4 
Water Canyon 1967 1 i 6 <0 .OS <O.OS 1.3 
Water Canyon 1969 1 4 6 <O.OS <O.OS 2.5 
Water Canyon 1970 1 2 s <0 .OS <O.OS 0.4 
Water Canyon 1971 1 <1 < 1 <0 .OS <O.OS <0.4 
Water Canyon 1972 3 <1 7 <0 .OS <0.05 0.2 
Valle Canyon 1967 1 <1 6 <O .OS <O.OS <0 .4 
Valle Canyon 1969 1 <1 2 <O .OS <O.OS 0.6 
Near Beta Hole 1970 1 1 2 <Q .OS <O.OS 2.1 
Near Beta Hole 1971 1' 2 2 <Q .OS <O.OS 0.7 
Near Beta Hole 1972 1 <1 3 <O.OS \_<O.OS 1.3 
a lJg/1 

The analyses show only background amounts of radionuclides except for the 

one 1972 analysis from near Beta Hole where traces of plutonium 238 were report-. 

ed in the water. 

B. Radiochemical Analyses of Sediments 

A number of canyons are tributary to Water Canyon. Sediment samples for 

particle-size distribution and radiochemical analyses were collected from chan

nels in the tributary canyons as lvell as in Water Canyon. 

Particle-size distribution from stations in the drainage area are shown 

on the following table while locatioas are shown on Fig. 17. 

Particle-Size Distribution 
(Percent by Weight) 

Stations 1 2 3 4 5 6 7 8 9 

Granules 7.0 3.0 3.5 40.0 25.0 3.0 2.5 11.0 3.0 
Sand 

Very Coarse Sl.5 35.5 S0.5 27.0 34.S 30.5 28.0 32.5 27.0 
Coarse 34.0 41.5 41.0 18.0 28.5 44.S 56.5 36.0 48.0 
Medium 4.0 11.5 3.5 5.0 7.0 14.0 15.0 11.0 15.0 
Fine 1.0 4.S 0.5 3.5 2.0 5.5 4.0 4 .• 5 4.S 
Very Fine 0.5 1.5 0.5 3.0 0.5 2.0 1.5 3.5 1.0 

Silt and Clay . o. 5 1.5 0.5 2.5 l.S 1.0 2.5 2.0 1.0 

• 



The following table presents radiochemical analyses of sediments collected 

~ in the drainage area in 1965. 

~ 

• 

Station 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Sediment Analyses, 1965 
(Counts per minute per dry gram) 

Gross Alpha Gross Beta 

5 1 
2 <1 
1 2 
2 <1 

<1 8 
<1 <1 
1 18 
2 <1 
1 11 

Gross Gamma 

46 
34 
24 
28 
36 
2 
4 

12 
12 

In 1970 a series of samples were collected at the same stations and 

analyzed for gross alpha and beta activity as well as plutonium. 

Sediment Analyses, 1970 
(Picocuries per dry gram) 

Station Gross Alpha Gross Beta 238Pu 239Pu 

1 3 4 <0.002 0.006 
2 1 2 <0.002 <0.002 
3 3 3 <0.002 0.004 
4 2 4 <0.002 0.011 
5 4 4 <0.002 0.022 
6 1 1 <0.002 0.050 
7 2 2 <0.002 0.003 
8 2 2 <0.002 <0.002 
9 <1 • <1 0.010 <0.002 

, o.c._ 



Additio~l channel samples were collected at Station 1, near Beta Hole and 

Station 7 in 1971 and 1972. l 

Sediment Analyses, 1971 and 197 Z < < $; 
(Picocuries per dry gram) • 

Total 
Station Date Gross Alpha Gross Beta 238Pu 239Pu 137Cs Uranium . 

1 10-71 11 8 0.005 0.007 <1.5 2.8 
1 11-72 1 7 0.008 Q.004 4.6 5.2 

Near Beta Hole 5-71 1 1 0.004 0.001 
Near Beta Hole 10-71 <1 4 <0. 003 0.004 4.5 0.44 

7 5-71 1 <1 <0.001 <0.001 
7 10-71 5 4 <Q.OOl 0.001 <1. 5 0.15 
7 10-72 3 14 <0 ~ 003 ' <0.003 4.8 0.09 

The results of the radiochemical analyses of sediments indicate only background 

amounts of radionuclides except the total Uranium in samples from Station 1 which 

~in Potrillo Canyon. The uranium is probably due to tests or experiments that 

are or were done in the area. 

C. Flood-Frequency and Maximum Discharge 

Water Canyon heads on the flanks of the mountains at an altitude of 3 170 

m, Some perennial flow occurs in the main stem of Valles and Water Canyons 

on the flanks of the mountains. The remainder of the chamel carries only 

intermittent storm runoff. 

on the following data: 
····--- -···---

Frequency 

2-Year 
5-Year 

10-Year 
25-Year 
SO-Year 

The flood-frequency and maximum discharge is based 

Drainage Area 33·, 2 km2 

Main Channel Slope-0.050 
• 

Max~ Discharge 
m /sec. 

2.8 
6.8 
9.6 

14 
18 
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XIII. DAAINAGE AREA 12 

Drainage ·area 12 is a steep canyon \vall on the west side of the Rio 

Grande and contains no well defined drainage (Fig. 18). The area is about 

1.3 km2. No data has been collected in the area. 

XIV. DAAINAGE ARPA 13 (ANQK) CA.WON) 

Ancho Canyon heads on the middle of the Pajarito Plateau. The canyon is 

cut into the Bandelier Tuff on the plateau, and through the basaltic rocks 

of Chino Mesa and Tesuque Formation at the eastern edge as the channel drops 

into the Rio Grande. 

A. Surface Water 

Stream flow in the channel on the plateau is intennittent. In the lolver 

reaches of the canyon is a perennial stream fed by springs in the Totavi Len

til (Fig. 18). The stream reaches the Rio Grande. There are no known re

leases of effluent from Technical Areas within the drainage area, There is 

probably some small vol'l.mles of lvater perched in the alluvi'l.ml seasonally. 

1. Olemical Quality of Surface Water 

Spring and surface water stations are located in the lower reach of 

the canyon. Ancho Spring discharges from the Totavi Lentil which is overlain 

by basalt. The underlying Tesuque Formation also adds to the volt.mle of flow. 

The chemical analyses from these two stations are shown on the following table . 

• 
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• 
Water sampling stations 

Sediment sampling stations 

Fig. 18. Drainage Area 12 and Drainage Area 13 (Ancho ~ 
Canyon) showing locations of sampling stations. 



· Olemical Quality of Surface \'later 
(Average of a number of analyses in mg/1 except as noted) 

• No. of 
N03 Source Year Analrses Na Cl F TDS Conductance a EHb 

Ancho Spr. 1952 2 7 6 1.6 .2 146 7.7 
Ancho Spr. 1953 4 8 4 .3 . 5 16S 7.S 
Ancho Spr. 1954 2 9 2 .4 .6 115 7.5 
Ancho Spr. 1955 1 9 2 .4 .2 673 7.2 
Ancho Spr. 1956 3 12 3 .4 .5 14S 7.9 
Ancho Spr. 1957 1 12 3 .5 .4 14S 7.9 
Ancho Spr. 1959 2 10 2 .4 .4 90c 140 7.7 
Ancho Spr. 1960 1 10 3 .4 .5 sse 130 7.8 
Ancho Spr. 1961 1 10 3 .4 .9 sse 130 7.S 
Ancho Spr. 1962 1 8 3 .4 2.2 1S3 165 7.6 
Ancho Spr. 1963 1 13 3 .4 3.6 124 140 7.6 
Ancho Spr. 1965 1 7 3 .s 2.2 124 140 7.7 
Ancho Spr. 1969 1 19 3 .1 .4 206 260 s.s 
Ancho Spr. 1971 1 12 2 .1 .9 162 200 7.9 

• Near Rio 
Grande 1963 1 15 5 .8 .4 204 240 S.1 

Near Rio 

Grande 1964 1 11 4 .4 .4 271 240 s.s 
Near Rio 

Grande 1967 1 17 1 .8 .4 203 260 7.6 
Near Rio 

Grande 1969 1 21 2 .s .4 156 270 8.4 
Near Rio 

Grande 1971 1 12 2 .1 .4 158 140 S.6 
• 

~cromhos at 25° C 
bNo Units 

~stimated 

Select trace metal ions analyses were made from Ancho Spring and the stream 

near the Rio Grande in 1971 • 

• 
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Netal Ion .fnalyses 
(In ~g/1) 

Pncho Spring Stream Near ~o Grande 

In Solution 

<admitun 1.7 1.5 
Beryllitun < . 25 < .25 
Lead <1.0 <1.0 
Mercuzy < .02 < .02 

Particulates 

Cadmium < .25 .25 
Beryllium < .25 < .25 
Lead <1.0 2.6 
Mercury < .02 < .02 

The chemical quality of water from the spring is low in total dissolved 

solids and shows no effect of Laboratory operations. 

2. Radiochemical Quality of Surface Water 

~diochemical analyses of surface water were made of samples 

collected from Ancho Spring and from the stream near the no Grande. 

The results of samples from 1960 through 1967 are shown on the 

following table. 

Radiochemical Analyses, 1960-1967 

(pCi/1 except as noted) 
Gross Total Total a/ Source Year Beta Plutonium Uranium • 

Ancho Spr. 1960 <14 <0.4 <0.5 
Alcho Spr. 1961 <14 < .4 < • 5 
Ancho Spr. 1962 <14 < .4 . 5 
/ncho Spr. 1963 <14 < .4 3.1 
Ancho Spr. 1965 <14 < .4 < .5 
Nr. Fio 

Grande 1963 27 < • 4 < . 5 
Nr. Rio 

Grande 1964 6 < .4 < • 5 
Nr. Rio 

Grande 1967 4 < • 4 < • 5 

a/ ~g/1 

• 

• 

• 
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Radiochemical analyses from the h.1o stations from 1969 and 1971 

are shown on the following table. 

· Ridiochemical Alalys es, 1969-1971 
(Picocuries per liter, except as noted) 

Gross Gross 238 239 Total 
Source Year Alpha Beta Pu Pu Uranium 

Ancho Spr. 1969 <1 1 <0.05 <0.05 0.4 
Jncho Spr. 1971 <1 <1 < O. OS < 0. OS <0. 4 
Nr. Rio 

Grande 1969 <1 2 <0.05 <0.05 0 . 7 
Nr. Rio 

Grande 1971 <1 1 <0.05 <0.05 <0.4 

The analyses show only background concentrations of radio

nuclides. 

B. Radiochemical Analyses Sediments 

The sediments in the canyon at stations 1, 2, 3, and 4 are 

derived from weathering of the Bandelier Tuff while those at Station 

5 are a combination of weathering of the Bandelier Tuff, basaltic 

rocks of Chino Mesa, Puye Formation, and Tesuque Formation. Particle

size distribution from stations in the drainage are shown on the 

following table. 

Station 

Granules 
Sand 
Very Coarse 
Coarse 
Medium 
Fine 
Very Fine 

Silt and ciay 

Particle-Size Distribution 
(Percent by Weight) 

1 2 3 

3.0 1.0 10.5 

48.5 21.0 53.5 
35.0 44.5 29.5 
9.0 16.5 4.0 
3.0 8.5 2.0 
1.0 4.5 1.0 

0.5 3.0 1.0 

4 5 

8.5 5.5 

26.0 43.0 
27.5 41.5 
13.5 6.5 
10.0 1.5 

4.5 1.0 

5.0 1.0 



The foll6wing table presents radiochemical analyses of sediments 

collected in the drainage area in 1965. Locations are shown on Fig, 1. 
Station 

1 
2 
3 
4 
5 

Similar 

are shown on 

Station 

1 
2 
3 
4 
5 

Gross 

Sediment Analyses, 1965 
(COunts per minute per day gram) 

Alpha Gross Beta 

2 <1 
2 14 
1 <1 
1 15 
1 1 

Gross Gamma 

12 
46 
26 
14 

8 

stations were sampled and analysed in 1970. The results 

the following table. 

Sediment Ala lyses, 1970 
pC~ per dry. gram 

' 

Gross Alpha Gross Beta 238Pu 239Pu 

2 <1 <0.002 <0.002 
2 2 <0.002 <0.002 

<1 1 <0.002 0.006 
1 <1 <0.002 <0.002 
1 1 0.010 0.007 

The results of the analyses indicate that radiochemical con

centrations in the sediment in the drainage area are background. 

C. Flood-Frequency and Maximum Discharge 

Alcho Canyon heads on the Pa)arito Plateau at an altitude of 

2 220 m. Stream flow in the canyon is intermittent except in the 

lower reach. In the lower reach to the ~o Grande, the stream flow 

is perennial at less than o. 2 m2/se.c. F load-frequency and maximum 

discharge is based on the following data: 
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Drainage Area 17.4 km2 

Main Channel S1ope-0.045 

Frequency Maximum Discharge 

2-Year 
5-Year 

10-Year 
25-Year 
50-Year 

(m2/sec) 
2.3 
5.4 
8.2 

14 
17 

XV DRAINAGE AREA 14 

Drainage area 14 is a steep wall on the west side of the 

Rio Grande and contains no well defined drainage (Fig. 19). The 

area is about 1.6 km2. No data has been collected in this drain-

age. 

XVI. DRAINAGE AREA 15 (CHAQUEHUI CANYON) 

Chaquehui Canyon heads on the eastern part of the Pajarito 

• Plateau. The canyon is cut into the Bandelier Tuff and through 

the basaltic rocks of Chino Mesa and Tesuque Formation as the 

Channel drops steeply to the Rio Grande. There are no observation 

holes in the canyon though there is water perched locally in the 

• 

alluvium. 

A. Surface Water 

Stream flow in the channel is intermittent. Near the eastern 

reaches of the canyon water from springs and seeps in the Tesuque 

Formation maintains a small stream and several large pools which 

infiltrate into the alluvium prior to reaching the Rio Grande 

(Fig. 19). There are no release of effluents into the drainage 

area. 

1. Chemical Quality of Surface Water 

A sampling station has been established from one of the pool 

areas below the spring discharge from the sandstones and silt-
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stones of the Tesuque Formation. The follo,iing table recaps the chemical 
. 

analyses from this station which is called Doe Spring, 

01emical Quality of Water from Doe Spring 
(In mg/1 except as noted) 

Year Analz::ses Na Cl F N03 1DS Conductance a 

1956 1 15 2 0.3 2.6 180 240c 

1957 1 11 2 .6 2.6 170c 260 
1959 1 11 2 .4 1.3 160c 250 
1960 1 12 2 .5 .4 170c 260 
1961 1 11 1 .5 .4 16Sc 240 
1962 1 9 2 .4 .9 186 220 

1963 1 10 2 .4 .4 129 140 

1965 1 13 5 .2 .4 218 240 

1967 1 23 1 .3 .9 304 320 

1969 1 22 3 .2 <.4 153 180 

1971 1 21 4 .3 .9 219 260 

a Micrornhos at 25° c 
b No Units 
c Estimated 

Trace metal ion analyses '"ere made from Doe Spring in 1971. 

In Solution 
Cadmium 
Beryllium 
Lead 
Mercury 

Particulates 
Cadmium 
Bery1liun 
Lead 
Mercury 

Netal Ion Analyses 
(In ll&/1) 

Doe SEring 
• . 1.9 

<0.25 
<1.0 
<0.02 

<0.25 
<0.25 
<1.0 
<0.25 

-1Qn-. 

EHb 

7.6 
7.8 
7.7 
7.3 
7.7 
7.5 
7.5 
7.8 

7.9 
8.4 
8.0 



The chemical quality of water from the spring is low. The increase in 

total dissolved solids in 1965 and 1967 may show the effect of residual from 

storm runoff in the pool. 

2. Radiochemical Quality of Surface Water 

The recap of radiochemical analyses from 1957 through 1967 are presented 

as follows: 

Radiochemical Analyses of Water 
from Doe Spring, 1957-1967 

(pCi/1 except as noted) 

Year Gross Beta Total Elutonitun Total Uranit.Dlla 

1959 <14 <.4 

1960 <14 <.4 

1962 <14 <.4 

1963 <14 <,4 

1965 <14 <.4 

1967 26 <.4 

a lJg/1 

The recap of radiochemical analyses 1969 and 1971. 

Gross Alpha 

Gross Beta 
238Pu 

239Pu 

Radiochemical Quality of Water from Doe Spring 
1969-1971 

(pCi/1, except as noted) 

1969 
<1 

1 
• <0.05 
<0.05 

Total Uraniuma 0.4 

a lJg/1 

<,5 

<,5 

<.5 

1.2 
<.5 

.5 

1971 
<1 

3 

<0,05 

<0.05 

0.6 

The analyses show no radionuclide above limits of detection except 

uranium wh~ch is natural occurring in the discharge from the spring aquifer . 
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B. Radiocbemical Analyses of Sediments 
. 

There were no particle-size distribution made of sediments in the canyon . 

One set of sediment analyses were analyzed from the mouth of the canyon in 

September 1969. 

Radiochemical Analyses of Sediments 

Gross Alpha 

Gross Beta 

238Pu 

239Pu 

(pCi per dry gram) 

2 

3 

0.003 

0.003 

The levels of radioactivity are background or in the case of plutonium 

are no greater than world-wide fallout from atmospheric testing. 

C. Flood Frequency and Maximum Discharge 

Chaquehui Canyon heads on the Pajarito Plateau at an altitude of m 

Stream flow is intermittent except for a short reach near the eastern reach 

(Fig. 19). The flood-frequency and miximum discharge is based on the following 

data: 

Frequency 
2-year 
5-year 

10-year 
25-year 

50-year· 

XVII DRAINAGE AREA 16 

Drainage Area 4. 7 km2 
~hin Channel.Slope~0.078 

Maximum Discharge (m2/sec) 
1.1 

• 
3.0 
4.5 
8 

10 

Drainage Area 16 is a steep wall on the west side of the Rio Grande and 

• contains no· lvell defined drainage (Fig. 19) • The area is about 1. 0 lai. 
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No data has been collected in this drainage. 

XVIII PERCHED WATER IN 1HE PUYE FORNATION 

The only lmown body of \~ater perch in the Puye Fonnation above the main 

aquifer occurs in the mid-reach of Drainage Area 4 (Pueblo Canyon). Other 

areas of perched water in the Puye may occur, but the limited m.m1ber of deep 

test holes (seven test holes 300 m) did not encounter \'later perched in the 

Puye (Fig. 20). 

Test well 2 A was drilled in 1947 to a depth of 40.5 m. The well has 

been equipped \'lith a pump. The hole penetrated alluvium, Bandelier Tuff, and 

was completed in the fanglomerate. The fanglomerate is a slightly cemented 

unit of sand, gravels, and boulders with silt and clay lenses. The following 

table presents the geologic log. 

Unit 

Alluviun 

Bandelier Tuff 

Otowi Member 

Guaj e r.tember 

Geologic Log of TW-ZA 
(Altitude of Land Surface 2026 m) 

Thickness 
(m) 

3.4 

Puye Formation (fanglomerate) 

6.4 
9.8 

21.3 

• 

Depth 
(m) 

3.4 

9.8 
19.6 
40.9 

The following table presents some of the hydrologic characteristics as 

were determined by an aquifer test. 
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Aquifer Test TW-2A (1952) 
Thickness of Aquifer (m) 

Duration of Test (hrs) 
Pumping rate (1/sec) 
Water level prior to Test (m) 
Total Drawdown (m) 
Specific Capacity [(1/sec)/(m)] 
~irst 4 hr 
Entire Test 

Transmissivity (m2/day) 
HYdrologic Conductivity (rn/day) 

1.5 

4.5 
0.018 

35.4 
3.1 

0.062 
0.062 
0.62 
0.41 

The aquifer is of limited areal extent. The changes in water levels over 

a period of time indicate that the aquifer is hydraulically connected to the 

stream flow in Pueblo Canyon. The water level response to recharge to the 

aquifer is estimated at 4 to 6 months at Test Well 2A. 

A. Chemical Quality of Water 

Water samples have been collected from the test hole from 1951 through 

1965. The following table presents a summary of the chemical quality to 1965. 

Chemical Quality of Water 1W-2A 
(Average of a number of analyses in mg/1) 

No. of 
:003 Year Ana1:rses Na ·. C1 F TDS 

1951 1 2 0.4 2 109 
1952 2 2 .2 2 115 
1953 8 3 .4 .2 116 
1956 8 12 • 7 .5 2 144 
1957 2 11 8 .4 .4 130a 
1958 4 8 27 .6 4 140a 
1959 7 11 16 .5 4 13oa 
1960 6 14 15 .4 31 170a 
1961 4 16 16 .7 7.9 179 
1962 3 15 14 .5 14 164 
1963 3 20 16 .6 19 188 
1964 3 16 16 .5 24 148 
1965 2 18 10 .9 15 172 

a Estimated. 

...,. .. 
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The quality of \vater has change over the period of year probably reflect-

• ing the quality of water in the stream. The rost noticeable increase has been 

in chlorides, nitrates and total dissolved solids. 

• 

• 

B. Radiochemical Quality of Water 

A st..mJma.ry of the radiochemical analyses from 1958 through 1965 are pre

sented in the following table. 

Radioc..'1emical Quality of Water, 1W-2A 
(Average of a number of Analyses in pCi/1 except as noted) 

No. of Gross Total Total 
Year Analyses Beta Plutonium Uranium 

1958 2 14 0.5 0,5 

1959 10 14 0.5 0.5 

1960 10 14 0,5 0.5 

1961 2 14 0,5 0.5 
1962 4 14 0.5 0.5 
1963 3 14 0.5 0.5 
1964 3 14 0.5 0.5 

1965 2 14 0.5 0.5 

a tn,g/1 

The results of the ~lyses show· that the concentrations of radioactivity 

were below limits of detection. 

XIX PERCHED WATER IN BASALTIC ROCKS 

Perched water was encountered in the basaltic rocks of Chino Mesa pene-

trated by Test Well 1A in the lower part of Pueblo Canyon (Fig. 20), The 

pilot hole for Supply Well PM-1 at Sandia Canyon also penetrated the same 

body of \'<'ater in the basalts at a depth of 136 to 141 m. The section of 

perched \vater was cased and grouted with cement slury out of the supply well. 

The geologic log of a section of PM-1 is as follows • 



Partial Geologic Log of PH-1 
(Altitude of Land Surface 1987 m) 

Unit 

Bandelier Tuff 
Otowi Member 
Guaj e Member 

Basal tic Rocks of Chino Mesa 
Puye Formation (silt and clay) 

a Total depth of Well 762.3 m 

Thickness 
(m) 

36.6 
13.7 

104.2 
13.1 

Depth a 
(m) 

36.6 
50.3 

154.5 

167.6 

Test Well 1 A was drilled in 1949 to a depth of 68.6 m. The test hole 

penetrated the Puye Fonnation and Basal tic rocks of Chino Mesa as shown on 

the geologic log. 

Geologic Log of TW-lA 
(Altitude of Land Surface 1942 m) 

• 

Unit 
Thickness 

(m) 
Depth 

(m) • 
Puye Formation (fanglomerate) 
Basaltic Rocks of Chino Mesa 
Puye Formation (fanglomerate) 
Basal tic Rocks of Ol.ino Mesa 

15.2 
35.1 
3.4 

14.9 

15.2 

50.3 

53.7 

68.6 

The well is equipped with a punp. The following table stmJDarizes the 

hydrologic charac.teristics of the dquifer that occurs in an interflow breccia, 

the contact between two basalt flows. The water in the aquifer is under 

artesian head. 

• 
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Aquifer Test TW-lA (1952) 

Thickness of aquifer (m) 

Duration of Test (hrs) 

Pumping Rate (1/sec) 

Water Level Prior to Test (m) 

Total Drawdmm (m) 

Specific Capacity [(1/sec)(m)] 

(First 4 hrs) 

(Entire Test) 

Transmissivity (m2/day) 

Hydrologic Conductivity (m/day) 

0.9 

1128 

0.21 

55.7 

1.4 

2.1 

0.16 

103 

114 

No aquifer tests were made at Supply Well PM-1; however a bailing test 

indicated a yield of about 3 x 10-l 1/sec with a drawdown of 2 m. 

Recharge to the aquifer occurs in Pueblo Canyon in the area from Obser

vation Hole P0-3B to Otowi Seep and in Los Alamos Canyon in the vicinity of 

Observation Hole LA0-4. 5 (Fig. 20). The surface· flow in the recharge reach 

of Pueblo Canyon is mainly effluent from the Bayo Seh'age Treatment Plant while 

stonn runoff in Los Alamos Canyon contributes most of the recharge. The move

ment of water is eastward where a part is discharged from the basaltic rocks 

at Basalt Spring. The discharge of the spring varies according to the volume 

of recharge entering the aquifer. nie discharge ranges from 0.9 to 2.1 1/sec 

during the year. Based on \iater-level response to stream flow it \ias esti-

mated that the recharge from near Obs_ervation Hole P0-3B to Otowi Seep takes 

one to hio months to reach Test Well 1A with another 2 to 3 months to reach 

Basalt Spring. 

A. Dlemical Quality of Water 

Water samples for analyses were collected from 1951 through 1971 from 

test lA. The follow~ng table presents an annual summary • 
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Chemical Quality of Water TW-lA 
(Average of a number of analyses in mg/1) 

No. of NO • Year Analyses Na Cl F 3 TDS 

1951 4 46 24 0.6 27 298 

1952 3 34 19 .5 23 243 

1953 9 26 12 .5 14 216 

1954 5 15 .8 26 465 

1955 6 10 1.1 27 311 

1956 5 13 .6 18 279 

1957 2 31 .6 14 230a 

1958 10 25 26 .5 12 195a 

1959 8 15 54 .5 16Sa 

1960 6 36 23 .6 19 230a 

1961 4 40 25 .6 24 319 

1962 3 53 26 .7 31 340 

1963 1 60 27 1.2 62 388 
# 

1964 4 53 30 1.2 35 313 

1968 2 85 33 2.1 18 318 • 1969 1 77 27 1.8 13 339 

1971 2 60 37 2.1 31 318 

a Estimated 

A summary of the average chemical quality of \oJater from Basalt Spring 

is shmm on the following table. 

• 

• 
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Chemical Quality of Water, Basalt Spring 

• (Average of a number of analyses in mg/1) 

No. of 
N03 Year Anall:ses Na Cl F TDS 

1951 1 16 0.5 8 220 
1952 4 15 .4 13 215 
1953 3 16 .4 10 198 
1954 3 16 .4 15 195a 

1955 2 16 '. 5 12 198a. 
1956 18 17 17 .6 18 212 
1957 3 16 13 .5 14 19la 

1958 6' 13 13 .6 11 169a 

1959 5 14 15 .4 10 190a 

1960 2 15 13 .5 8 175a 

1961 1 14 14 .5 8 174a 

1962 2 20 17 .8 13 256 
1963 2 24 20 1.2 13 198 • 1964 1 20 20 .8 13 229 
1965 2 10 14 .8 13 197 
1967 1 25 15 .3 13 150 
1968 1 24 14 .6 13 168 
1969 2 24 14 .3 9 207 
1971 2 15 11 .6 13 220 
1972 2 19 14 .4 10 197 

a Estimated 

The chemical quality of water from Test Well 1A is quite similar to that 

in the stream at Pueblo 3. The concentrations of the chemical have generally 

increased with time. 

The quality of water from Basalt Spring is quite similar though the con-

cent rations are lmver. This is probably due to changes that occur during 

transit in the aquifer that reduces the concentrations in the aquifer material . • The following table presents results of metal ion analyses for n~-1 and 

Basalt Springs. 



Netal Ion Analyses 
(Average of a number of Analyses in ll&/1) 

1W-1A Basalt Springs 
Year 1971 1971 1972 
No. of Analyses 2 2 2 
In Solution 

Cadmium 4.3 2.8 0.65 
Beryllium .31 <0.25 <0.25 
Lead 1.6 <1.0 <1.0 
?-Iercury <0.02 <0.02 <0.02 

Particulates 
Cadmium 8.8 0.33 <0.25 
Beryllium .48 <0.25 <0.25 
Lead 470 0.65 2.2 
r.1ercury 0.07 <0.02 0.04 

The 4 70 llg/1 of lead in particulates from 1W-1A is probably from pump 

column or lead packer connecting screen to casing at the bottom of the well • 

B. Radiochemical Quali!Y of Water 

One sample of \vater was collected from a depth of :::::140 m in the inflow 

breccias at Supply Well PM-1 for total plutonium and tritium analyses. Plu

tonhnn was below limits of detection of <0. 5 pCi/1 as \'las the tritium 

<SO X 103 pCi/1. 

The following table presents an annual summary of the radiochemical 

analyses of water from Test Well lA from 1958 through 1964. 
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·· Radiochemical Quality of Water, 1W -lA 
(Average of a number of analyses in pCi/1 except as noted) 

No. of Gross Total Total 
Year Analrses Beta Plutonium Uraniuma 

1958 3 <14 <0.5 <0.5 
1959 8 <14 <0.5 <0.5 
1960 8 <14 <0,5 <0.5 
1961 2 <14 <0.5 <0.5 
1962 4 <14 <0.5 <0.5 
1963 1 <14 <0.5 <0.5 
1964 4 <14 <0.5 <0.5 

a 
~g/1 

The analyses results were below limits of detection. A summary of the analyses 

made in 1968, 1969, and 1971 are shown below: 

Radiochemical Quality of l'/a ter, 1W·1A 
(Average of a number of analyses in pCi/1, except as noted) 

Year 1968 1969 1971 

No. of Ana1rses 2 1 2 
Gross Alpha 1 2 1 
Gross Beta 12 7 a 

238Pu <0.05 <0.05 <0.05 
239pu <0.05 <0.05 <0,05 
Total Uranitmlb 1.1 1.3 0.4 

a Sample 6-1, 189 pCi/1; 9-1, 7 pCi/1. Sample 6-1 is probably analytical 
error or cross contamination of sample. 

b }Jg/1 

An annual sunnnary of the radiochemical analyses of water from Basalt Spring 

from 1957 through 1965 is shown on the following table . 
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Radiocherrdcal Quality of l~ater, Basalt Springs 
(Average of a number of analyses in pCi/1, except as noted) 

No. of Gross Total Total 
Year Analrses Beta Plutonil.Dl\ U . a ran nun 

1957 1 <14 <0.5 <0.5 
1958 4 <14 <0.5 <0.5 
1959 5 <14 <0.5 <0.5 

1960 4 <14 <0.5 <0.5 
1961 2 <14 <0.5 <0.5 

1962 2 <14 <0.5 1.0 
1963 2 <14 <0.5 1.5 
1964 1 <14 <0.5 2.0 
1965 2 <14 <0.5 0.6 

a ~g/1 

The annual sunmary of radiochemical analyses from 1967 through 1972 are 

shown on the following table. 

Radiochemical Quality of Water, Basalt Springs 
(Average of an number of analyses in pCi/1 except as noted) 

Year 1967 1968 1969 1970 1971 

No. of Analyses 1 1 2 1 2 

Gross Alpha 1 1 <1 <1 1 
Gross Beta 4 4 4 5 2 
238Pu <0.05 <0.05 <0.05 <0.05 <0.05 
239Pu <0.05 <0.05, <0.05 <0.05 <0.05 
Total Uraniuma 1.2 1.0 1.6 0.4 1.6 

a llg/1 

1972 

2 
<1 

4 
<0.05 
<0.05 

3.0 

The radiochemical analyses show natural or less than detectable amounts 

of radionuclides. The total uranium is natural occurring. The variation in 

concentration probably has to do with seasonal change in discharge from the 

spring and.time of year samples are collected. 
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:XX MA.IN AQUIFER OF 1HE LOS AI...MDS AREA 

~ Eleven (11) test holes have been drilled on the plateau to determine the 

thickness of the geologic tmits and \<Jater-bearing fonnations (Fig. 21). Seven 

(7) of the test holes have been completed as wells and are used in part for 

monitoring the chemical and radiochemical quality of water in the main aquifer. 

The geologic logs and hydrologic characteristics o£ the tmits penetrated by 

the test holes are presented. A summary of the chemical and radiochemical 

quality of water in the main aquifer is included in the following sections. 

Complete chemical and radiochemical quality of water data or of the last sam

ples analyzed are found in Appendix G and H respectively. 

A. Test Well 1 

Test Well 1 was completed in 1950. It was the one of a series of test 

holes drilled in the period 1949 to 1950 to determine geologic and hydrologic 

~ characteristics of the mam aquifer. 23 The test hole is located in lower 

Pueblo Canyon (Fig. 21). 

• 

1. Geologic and Htdrologic Characteristics 

The test hole penetrated the Puye Formation and Basaltic Rocks of Chino 

Mesa as shown by the log. 

Unit 

Geologic Los of TIV-1 
(Altitude at Land Surface 1942 m) 

Thickness 
(m) 

Puye Formation (fanglomerate) 
Basal tic Rocks of Chino Mesa 
Puye Formation (fanglomerate) 
Basal tic Rocks of Chino Mesa 
Puye Formation (fanglomerate) 
Basal tic Rocks of Chino Mesa 
Puye Formation (fanglomerate) 
Puye Formation (conglomerate) 

• 
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15.2 
35.0 

3.4 
24.1 
47.2 
30.5 
29.0 
11.3 

Depth 
(m) 

15.2 
50.2 
53.6 
77.7 

124.9 
155.4 
184.4 
195.7 
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The well~as equipped with a pump until 1960. The following table 

summarizes the hydrologic characteristics of the aquifer that occurs in a 

conglomerate of sand, gravels, and boulders of the Puye Formation. 

Thickness of Aquifer (m) 
Duration of test (hrs) 
Pumping Rate (1/sec) 

Aquifer Test n~-1 (1952) 

Water level prior to test (m) 
Total Drawdown (m) 
Specific Capacity [ (1/sec)/ (m)] 

(First 4 hrs) 
(Entire test) 

Transmissivity (m2/day) 

Hydrologic Conductivity (m/day) 

2. Olemical Quality of Water 

5.8 
246 

0.15 
180.4 
11.8 

0.1 
0.01 
2.5 
0.45 

Olernical analyses of water fonn 'IW-1 were made from 1952 through 1970 as 

shmm on the following table. 

Olernical Quality of Water 'm-1 
(Average of a number of analyses in mg/1) 

No. of 
N03 Year Analyses Na Cl F TDS 

1952 18 16 8 1.3 1.8 161 
1953 10 18 5 1.1 2.2 161 
1954 2 10 1.3 2.5 147 
1955 1 lQ 1.1 3.4 194 
1956 8 20 5 1.4 3.5 191 
1957 10 20 5 1.1 3.1 131 
1958 6 17 5 1.0 7.4 120a 
1959 2 18 4 1.1 6.9 120a 
1960 3 18 5 1.0 6.8 120a 
1961 5 17 4 1.3 4.3 149 
1962 1 19 4 1.2 10.4 178 
1963 1 34 6 0.8 0.4 186 
1965 1 17 8 0.7 0.8 149 
1967 1 21 14 0.7 0.4 173 
1969 1 33 8 0.1 0.4 188 
1970 1 11 8 0.5 0.4 161 

a Estimated 



The samples prior to 1961 were pumped while after that date, samples 

were collected with a sampling bailer. There has been no significant change • 

in the chemical quality of water from 1952 through 1970. 

3. Radiochemical Quality of Water 

The following table presents the radiochemical quality of \vater from 

1958 through 1964. 

Radiochemical Quality of Water TI~-1 
(Average of a number of analyses in pCi/1 except as noted) 

No. of Gross Total 
Year Analyses Beta Plutonium 

1958 2 <14 <0.5 

1959 3 <14 <0.5 

1960 6 <14 <0.5 

1961 2 <14 <0.5 

1962 2 <14 <0.5 

1963 1 <14 <0.5 

1965 1 <14 <0.5 

1967 1 <14 <0.5 

a lJ&/1 

A similar table presents data collected in 1969 and 1970. 

Gross Alpha 
Gross Beta 
238Pu 
239Pu 

Total Uraniuma 

a lJ&/1 

Radiochemical Quality of Water TIV-1 
(Analyses in pCi/1 except as noted) 
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1969 
1 

4 

<0.05 
<0.05 
<0.4 

Total 
Uranit.nttl 

0.5 

<0.5 

1.5 
0.7 

<0.5 
<0.5 

1970 
<1 

5 

<0.05 

<0.05 
<0.4 

• 

• 



Analyse~ 1ndicate natural or less than detectable amounts of radionuclides. 

B. Test Well 2 

Test Well 2 was completed in 1949. It was also one of the series of 

test holes drilled in the period of 1949 through 1950. 23 The test hole is lo

cated in the mid reach of Pueblo Canyon (Fig. 21). 

1. Geologic and HYdrologic Characteristics 

The test hole penetrated the alluvium, Bandelier Tuff, and was completed 

in the lower part of the Puye Formation as shown by the log. 

Units 

Alluvium 
Bandelier Tuff 

Otmd Member 
Guaj e Member 

Puye Fonnation 
Puye Fonnation 

Geologic Log of 1W-2 
(Altitude of Land Surface 2026 m) 

Thickness 
(m) 
3.4 

6.1 
9.7 

(fanglomerate) 194.1 
(conglomerate) 27.1 

Depth 
(m) 
3.4 

9.5 
19.2 

213.3 
240.4 

The well is equipped with a pump. The following table stDlliilarizes the 

hydrologic characteristics of the aquifer that occurs in a conglomerate of 

sand, gravels, and boulders in the Puye Fonnation. 

Aquifer Test TW-2 (1952) 

Thickness of Aquifer (m) 
Duration of Test (hrs) 
Ptmtping Rate (1/sec) 
Water Level prior to Test (m) 
Total Drawdown (m) 
Specific Capacity [(1/sec)/(m)] 

(First 4 hrs) 
(Entire Test) 

Transmissivity (m2/day) 
HYdrologic Conductivity (rn/day) 

• 
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7.3 
760 

0.42 
231.8 

2.3 

0.23 
0.21 

87 
12 



2. Chemical Quality of Water 

" Chemical analyses of water from TI~-2 were made from 1951 through 1972 as ._,! 

shown on the following table. • 
Chemical Quality of Water n~-2 

(Average of a number of analyses in mg/1) 

No. of 
003 Year Analyses Na Cl F TDS 

1951 10 8 6 0.5 0.5 159 

1952 14 8 5 0.7 0.4 158 

1953 3 9 4 0.5 0.3 146 
1954 1 4 0.8 o.s 172 

1955 1 3 0.4 3.0 164 
1958 1 9 7 0.4 0.1 

1960 3 10 3 0.4 0.3 102a 

1961 4 10 2 0.7 0.5 158 

1962 4 11 3 0.9 1.9 152 

1963 3 10 2 0.4 1.7 119 

1964 3 9 3 0.5 1.3 130 '-.1 
1968 1 19 4 1.0 1.2 gsa 

1969 1 17 3 0.1 <0.4 90 

1970 1 11 5 0.5 1.6 98 

1971 1 10 5 0.8 < 0.4 86 

1972 1 10 6 o.s 0.4 78 

a Estimated 

In general, the chemical quality of the water has changed slightly with 
• a decrease in total dissolved solids. Other ions have remained about the 

same concentration. 

Metal ion analyses are presented in the following table. 
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• 

Netal Ion Analyses 
(Analyses in g/1) 

In Solution 6-1-71 
Cadmium 1.1 
Beryllium <0.25 
Lead 11 
Mercury <0,02 

Particulates 
Cadmium 2.1 
Belj'llium <0,25 
Lead 43 
l-fercury <0.02 

The concentration of lead in the particulates is probably due to pump 

column or lead packer connecting screen to casing. 

3. Radiochemical Quality of Water 

The following table presents the radiochemical quality water from 

1958 through 1964. 

Radiochemical Quality of Water 1W-2 
(Average of a number of analyses in pCi/1 except as noted) 

No. of Gross Total Total 
Year _ ·:.Analyses Beta Plutoniun Uranil..una 

1958 1 <14 <0.5 <0.5 

1959 1 <14 <0.5 <0.5 
1960 7 <14 <0.5 
1961 8 <14 • <0.5 
1962 3 <14 <0.5 1.5 
1963 3 <14 <0.5 0.8 

1964 3 <14 <0.5 <0.5 

The following table presents data collected from 1968 through 1972. 
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Radiochemical Quality of Water TW-2 
(Analyses in pCi/1 except as noted) 

Gross Alpha 
Gross Beta 
238Pu 
239Pu 

Total Uraniumb 

a Average of 2 analyses 
b llg/1 

1968 1969 1970a 
<1 1 <1 

2 
<0.05 
<0.05 

1.1 

1 

<0.05 
<0.05 
0.4 

1 

<0.05 
<0.05 
0.7 

1971 
2 
2 

<0.05 
<0.05 
0.4 

Radioactivity is background or below limits of detection. 
C. Test Well 3 

1972 
<1 
<1 
<0.05 
<0.05 
<0.4 

Test \~ell 3 was completed in 1949. It was one of the series of test 

holes drilled during the period 1949-1950. 23 The test hole is located in the 

mid-reach of Los Alamos Canyon (Fig. 21). 

1. Geologic and Hydrologic Characteristics 

The test hole penetrated the Bandelier Tuff, and was completed in the 

lolier part of the Puye Formation as shown by log_. 

Geologic Log of TW-3 
(Altitude of Land Surface 2019 m) 

Units 

Bandelier Tuff 
Otowi Member 
Guaje l\mber 

Puye Formation (fanglomerate) 
Basaltic Rocks of Chino Mesa 
Puye Formation (fanglomerate) 
Puye Formation (conglomerate) 

Thickness 
(m) 

• 42.7 
10.7 
27.7 
21.9 

126.5 
18.9 
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Depth 
(m) 

42.7 
53.4 
81.1 

103.0 
229.5 
248.4 

.....,~ 
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• 
The well is equipped with a ptmtp, The following table summarizes the 

hydrologic characteristics of the aquifer that occurs in a conglomerate of 

sand, gravels, and boulders of the Puye Formation. 

Aquifer Test TI~-3 (1952) 
Thickness of Aquifer (m) 
Duration of Test (hrs) 
Pumping Rate (1/sec) 
Water Level prior to Test (m) 
Total Drawdown (m) 
Specific Capacity [(1/sec)/(m)] 

(First 4 hrs) 
(Entire Test) 

Transmissivity (m2/day) 
Hydrologic Conductivity (m/day) 

2. Chemical Quality of Water 

7.6 

720 
0.42 

228.9 
4.6 

0.10 
0.10 

97 
13 

Chemical analyses of water from TW-3 were made from 1951 through 1972 as 

shown on the following table. 

• 
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Chemical Quality of Water TW- 3 
(Average of a number of analyses in mg/1) . ._,;~ 

N03 • Year Analyses Na Cl F TDS 

1951 7 25 4 o.s 1.1 186 
1952 4 17 6 0.6 1.8 194 
1953 3 11 4 0.7 o.s 195 
1954 3 ... - 5 0.3 0.6 185 
1956 7 16 6 0.5 1.6 200 
1957 5 14 4 0.4 0.8 205 
1958 1 13 7 0.4 1.1 200 
1959 4 13 5 o.s 0.7 140a 

1960 3 14 5 0.4 0. 7. 145a 

1961 3 16 5 0.6 0.4 176 

1962 3 14 5 0.6 2.6 199 

1963 1 17 5 0.4 2.4 200 
1964 2 13 5 0.4 0.7 199 
1965 2 11 5 0.7 1.3 156 "" 
1967 .3 24 10 0.4 1.3 160 ..., 
1968 1 24 4 0.4 1.2 201 

1969 1 22 5 <0.1 0.4 124 

1970 1 15 5 <0.1 3.1 180 

1971 1 15 5 0.6 0.4 106 

1972 1 19 6 0.5 <0.4 94 

a Estimated 

Chemical concentrations varied slightly over the years but showed no 
• 

significant changes in concentrations. Total dissolved solids decreased in 

concentrations during the past few years. 

• 

-219 .. 



... 

In Solution 
Cadmium 
Beryllium 
Lead 
l\Iercury 

Particulates 
Cadmium 
Beryllium 
Lead 
1\Iercury 

Metal Ion Analyses 
(Analyses in llg/1) 

3. Radiochemical Quality of Water 
-

6-3-71 

2.8 
<0.25 
3,5 

<0.02 

5.6 
<0.25 
8.2 

<0.02 

The following table presents the radiochemical quality of water from 

1958 through 1965. 

Radiochemical Quality of Water TI~-3 
(Average of a number of analyses in pCi/1 except as noted) 

No. of Gross Total Total 
Year Analyses Beta Plutonium Uranium 

1958 2 <14 <0.5 

1959 8 <14 <0.5 

1960 10 <14 <0.5 

1961 8 <14 <0.5 

1962 4 <14 <0.5 1.1 

1963 1 <14 <0.5 5.0 

1964 2 <14 • <0.5 <0.5 

1965 2 <14 <0.5 <0.5 

The following table presents data collected from 1967 through 1972. 
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Radiochemical Quality of Water 'IW-3 
(Average of a number of analyses in pCi/1 except as noted) 

1967 1968 1969 1970 1971 1972 -
No. of Analyses 2 1 2 2 1 1 
Gross Alpha <1 <1 <1 3 2 <1 

Bross Beta 5 3 2 3 4 2 
238Pu <0,05 <0.05 <0,05 <o.o5 <0,05 <0.05 
239Pu <0.05 <0,05 <o •. os <0.05 <0,05 <0.05 
Total Uraniuma 1.3 2.4 0.4 0.7 0,4 <0.4 

a }.Jg/1 

There were no significant concentrations of radionuclides as indicated 

by the analyses . 

D. Test Well 4 

Test Well 4 was completed in 1950, It was one of a series of test holes 

drilled in the period 1949-1950. 23 The test hole is located on the western 

part of the plateau near the old Waste Treatment Plant (TA-45) at the head 

of Acid Canyon (Fig. 21). 

' 1. Geologic and Htdrologic Characteristics 

The test hole penetrated the Bandelier Tuff, Puye Formation and is com

pleted into the Tschicoma Formation as shown by the log. 

Geologic Log of TI1-4 
(Altitude of Land Surface m) 

Units 
Bandelier 1\.lff 

Tshirege Member 
Otowi Member 
Guaje Member 

Puye Formation (fanglomerate) 
Tschicoma Formation 

• 
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Thickness 
(m) 

85.3 
26.8 
8.2 

73.2 
173.7 

Depth 
(m) 

85.3 
112.1 
120.3 
193.5 
367.2 

' • 



The lvell_ has been equipped with a pump. It was removed in 1973 .. The 

following table summarizes the hydrologic characteristics of the aquifer that 

occurs in a brecciated zone in the volcanic flolv rocks of lati te of the 

Tschicoma Formation. 

TI1ickness of Aquifer (m) 

Duration of Test (hrs) 

Plmlping Rate (1/sec) 

Aquifer Test TI'i-4 (1952) 

Water Level prior to Test (m) 

Total Drawdown (m) 

Specific Capacity [(1/sec)/(m)] 

(First 4 hrs) 

(Entire Test) 

Transmissivity (m2/day) 
Hydrologic Conductivity (m{day) 

2. Chemical Quality of Water 

6.4 

720 

0.18 

255.6 

1.5 

0.24 

0.12 

9.3 

1.5 

The ptmip on 1W-4 was installed in 1952. It was out of service from 1954 

through 1960. It failed again in 1966 and was removed from the well in 1973. 

Olemical analyses of water from the well were made during the period when the 

pump was in service as shown on the following table • 

• 
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No. of 
Year Analyses 

1952 8 

1953 1 

1961 1 

1962 2 
1963 4 
1964 4 

1965 3 

a Estimated 

Olemical Quality of Water T\'1-4 

(Average of a number of analyses in mg/1) 

Na Cl F N03 
8 5 0.2 0.3 
5 2 0.1 0.3 

11 5 0.3 0.4 
10 3 0.6 3.9 
12 3 o.s 1.4 
9 2 0.4 4.4 

15 3 0.6 1.3 

TDS 

101. 
180 
gsa 

191 
172 
141 
129 

Chemical concentrations and total dissolved solids varied in concentrations 

but indicated no significant changes occurred from 1952 to 1965. 

3. Radiochemical Quality of Water 

The following table presents the radiochemical quality of water from TI~-4~ 
from 1961 through 1965. No analyses have been made since the pump failed in 

1965. 

Radiochemical Quality of Water TI-1-4 
(Average of a number of analsyes in pCi/1 except as noted) 

No. of Gross Total Total 
Year Analyses Beta Plutonitun Uranium a 

1961 1 <14 <0.5 <0.5 

1962 2 <14 <0.5 <0.5 

1963 4 <14 <0.5 0.5 

1964 4 < 14 <0.5 1.8 

1965 3 <14 <0.5 0.9 

No significant concentrations of activity were detected. 

E. Test Hole T-5 

Test Hole T-5 was completed in 1950. It was one of the series of test ~ 

holes drilled in the period 1949-1950. 23 The test hole is located in the 
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Lower reach of Pajarito Canyon near State Road 4 (Fig. 21) • 

1. Geologic Characteristics 

The test hole penetrated the alluvium and Bandelier Tuff and was com

pleted into the Basaltic Rocks of Chino Mesa as shmm by the log. 

Units 
Alluvium 
Bandelier Tuff 

Tshirege Member 
Otowi Member 
Guaje :Member 

Geologic Log of TH-5 
(Altitude of Land Surface 2009 m) 

Thickness 
(m) 

Basaltic Rocks of Olino Mesa 

7.0 

5.2 
36.6 
3.4 

28.0 

Depth 
(m) 

7.0 

12.2 
48.8 
52.2 
80.2 

The test hole did not encmmter any \iater bearing zone beneath the 

alluvium. Water in the alluvium was cased from the hole. 

F. Test Hole T-6 

Test hole T-6 was completed in 1950. It was part of the series of 

test holes drilled in the period 1949-1950. 23 The test hole is located in 

mid reach of Pajarito Canyon (Fig. 21) .and State Road 4 (Fig. 21). 

1. Geologic Characteristics 

The test hole penetrated the alluvium, Bandelier Tuff, and is completed 

in the Puye Formation as shown by the log • 

Units 

Alluvium 
Bandelier 1\.rff 

Tshirege Member 
Otowi Member 
Guaje Member 

• 
Geologic Log of T-6 

(Altitude of Land Surface 2042 m) 

Thickness 
(m) 

Puye Formation (fanglomerate) 

7.6 

18.3 
54.9 
6.1 
4.6 
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Depth 
(m) 
7.6 

25.9 
80.8 
86.9 
91.5 



The test hole did not encounter any water in the geologic units pene- ' 

trated beneath the alluvium. • 

G. Test Hole T-7 

Test hole T-7 was completed in 1950. It was also part of a drilling pro

gram of 1949-1950. 23 The test hole is located in the midreach of Ancho 

Canyon (Fig. 21). 

1. Geologic Characteristics 

The test hole penetrated alluvium, Bandelier Tuff, and were completed in 

the Basal tic Rocks of Chino Mesa as shown by the log. 

Units 
Alluvium 
Bandelier Tuff 

Otm·li Member 

Geologic Log of T-7 
(Altitude of Land Surface 1897 m) 

Thickness 
(m) 

Basaltic Rock of Chino Mesa 

3.0 

10.7 
3.0 

Depth 
(m) 

3.0 

13.7 
16.7 

The lower Guaje Member of the Bandelier Tuff was not penetrated at the 

test hole. The unit was eroded off or never deposited prior to the deposi

tion of the Otowi Member. 

The test hole did not encounter any water in any of the units penetrated. 

H. Test Well 8 

Test well 8 was completed in }960. The test hole was drilled to delin

eate the geologic and hydrologic characteristics of units underlying r.1ort

andad Canyon (Fig. 21). The test hole was completed prior to use of the 

canyon as a area to receive treated industrial effluents.16 , 24 

1. Geologic and H[drologic Characteristics 

The test hole penetrated alluvium, Bandelier Tuff, Puye Formation, 

Basaltic Rocks of Chino Mesa and is completed in the Puye Formation as ·~ 
shown by the log. 
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Geologic Log of TI~-8 

(Altitude of Land Surface 2095 m) 

Units 
Alluvium 
Bandelier Tuff 

Tshirege Member 
Otowi ~fernber 
Guaj e Member 

Puye Formation (fanglomerate) 
Basal tic Rocks of Chino Mesa 
Puye Formation (fanglomerate) 

Thickness 
(m) 

12.0 

6.1 
117.3 
13,7 
27.4 
44.2 

103.6 

Depth 
(m) 

12.0 

18.1 
135.4 
149.1 
176.5 
220.7 
324.3 

The lvell \vas not equipped with a pump until January of 1973, The follow-

ing data summarizes the hydrologic characteristics of the aquifer that occurs 

in a fanglomerate of sand, gravels, and boulders .of the Puye Fol11lation. 

Thickness of Aquifer (m) 

Duration of Test (hrs) 
Bailing Rate (1/sec) 

Aquifer Test TW-8 (1960) 

Water Level prior to Test (m) 

Total Drawdown (m) 

Specific Capacity [(1/sec)/(m)] 
Estimated 

Transmissivity (m2/day) 
Hydrologic Conductivity (m/day) 

~esidual drawdown 5 min after bailing ended 
~tima~d • 

2. Chemical Quality of Water 

24.4 
2.0 

1.0 
293.4 

O.lOa 

2 

30 
1.2 

b 

There was no pump on 1\\'-8 during the period of the report, Samples were 

collected lvith a sampling bailer. The follO\·iing table presents the chemical 

quality of water. 
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Chemical Quality of Water TI~- 8 

(Analyses in mg/1) 

Year Na Cl F N03 TDS 

1960 12 2 0.7 3.0 216 
1961 15 2 0.4 2.0 463 
1963a 15 2 0.4 2.2 187 
1965 10 3 0.2 0.9 113 
1967 13 1 0.1 0.4 141 
1969 23 3 0.1 1.8 148 

a Average of 2 analyses 

The concentrations have varied slightly; however, as samples are bailed 

from the well, the indication is that there has been no significant change 

in the quality during the period. 

3. Radiochemical Quality of Water 

The following table presents the radiochemical quality of water from 

1960 through 1965. 

Year 

1960 

1961 

1963b 

1965 

a llg/1 

Radiochemical Quality of Water 1W-8 
(Analyses in pCi/1 except as noted) 

Gross Total 
Beta Plutonium 

<14 <0.5 

<14 <0.5 
• 

<14 <0.5 

<14 <0.5 

b Average of 2 analyses 

Total 
Uraniuma 

<2.5 

<2.5 

<0.5 

<0.5 

_,1 • 

The following table presents data collected at different dates during 19f,..""\ 

~ 
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Radiochemical Quality of Water TI\'-8 
(Analyses in pCi/1 except as noted) 

1-10-69 1-14-69 2-14-69 11-6-69 
Gross Alpha <1 2 <1 <1 

Gross Beta 2 3 1 3 
238Pu <0,05 <0,05 <0.05 <0.05 
239Pu <0.05 <0.05 <0.05 <0.05 
Total Uraniuma 0.5 0,4 0.4 0.4 

a }Jg/1 

No significant concentration of radionuclides were detected. 

I Test Well DT-SA 

Test well DT-5A was completed in 1960. It was drilled as a series of 3 

deep test holes (DT-9, DT-10) to determine the geologic and hydrologic charac

teristics of the rock units underlying a small test area. 24 ~ 25 The test hole 

is located on the Pajarito Plateau south of Water Canyon (Fig. 21). 

1. Geologic and HYdrologic Characteristics . 

The test hole penetrated rocks of the Bandelier Tuff, Puye, Tschicorna, 

and Tesuque Formations as shown by the log. 

Geologic Log of DT-SA 
(Altitude of Land Surface 2177 m) 

Units 
Bandelier Ti.Jff 

Tshirege Member 
Otowi Member 
Guaj e Member 

Puye Formation (fanglomerate) 
Tschicoma Formation 
Puye Formation (fanglomerate) 
Tschicoma 
Puye Formation (fanglomerate) 
Puye Formation (conglomerate) 
Tesuque Formation 

• 

Thickness 
(m) 

195.4 
60.4 
27.7 
72.2 
38.4 
42.1 

7.9 
5.5 

. 15.8 
89.6 
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Depth 
(m) 

195.4 
255.8 
283.5 
355.7 
394.1 
436.2 
444.1 
449.6 
465.4 
555.0 



The \.;ell was equipped with a pump for the aquifer test, It was later 

removed. The following data summarizes the hydrologic characteristics of the 

aquiferwhich occurs in the Puye Fonnation (fanglomerate and conglomerate), 

Tschicoma and Tesuque Formations. 

Thickness of Aquifer (m) 
furation of Test (hrs) 
Pumping Rate (1/sec) 

Aquifer Test DT·SA (1960) 

Water Level prior to Test (m) 
Total Drawdown (m) 
Specific Capacity [(1/sec)/(m)] 

(Entire Test) 
Transmissivity (m2/day) 
HYdrologic Conductivity (m{day) 

106.7a 
25 
5.1 

357.5 
4.3 

1.2 
136 

1.2 

a Saturated section that should yield \vater readily to the \'lell. 

Z. Chemical Quality of Water 

...,.,; • 

''\ 
Except for the sample collected in 1960 which was pumped, the remainder o~ 

the samples were collected \'lith a smapling bailer. The following table presents 

the chemical quality of water. 

Chemical Quality of Water DT-SA 
(Analyses in mg/1) 

Year Na Cl F 
N03 TDS 

1960 14 1 0.2 2.0 147 

1963 13 1 0.4 0.9 185 
• 

1967 14 4 0.4 <0.4 126 

1969 19 3 <0.1 <0.4 120 

1970 11 5 0.4 0.4 101 

There has been no significant change in the quality of water during the 

period 1960 through 1970. 
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• 

3, Ra-diochemical Q.lality of Water 

The following table presents radiochemical quality of water as determined 

upon completion of the well in 1960. 

Radiochemical Quality of Water DT- SA8 

(Analyses in pCi/1 except as noted) 

Alpha Activity 
Beta Activity 
Radium (Ra) 
Total Uraniumb 

a Analyses U. S. Geol. Survey 

b 'J..I&/1 

5-1-60 

<1.3 

7.3 
<0.1 

0.9 

The data collected in 1960, 1963, and 1967 is presented as follows: 

Radiochemical Quality of Water I71'-5A 
(Analyses in pCi/1 except as noted) 

Gross Total 
Year Beta Plutonium 
~~--------------~~~-----------
1960 <14 ~0.5 

1963 <14 <0.5 

1967b <14 <0.5 

1967c <14 <0.5 

a 'J..I&/1 

b Zone Sample 390 m 
c Zone Sample 527 m 

• 

Total a 
Uranium 

1.0 

<0.5 

<0.5 

<0.5 

Data for samples collected in 1969 and 1970 are shown as follows: 
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Gross Alpha 
Gross Beta 
238Pu 

239Pu 

Total Uraniuma 

a lJ.g/1 

Radiochemical Quality of Water Irr-5A 
(Analyses in pCi/1 except as noted) 

2-24-69 
<1 

3 

<0,05 

<0.05 
0.4 

4-24-70 

3 

2 
<0.05 

<0.05 
0.4 

Analyses detected no significant concentrations of radionuclides, 

J. Test Well DT-9 

Test well DT-9 was completed in 1960. The well drilled for geologic 

and hydrologic data as previously mentioned. It is located on the plateau 

south of Water Canyon (Fig. 21). 

• 

1. Geologic and Hydrologic Characteristics 1llt 
The test well penetrated rock units of the Bandelier Tuff, Puye, Tschicoma 

and Tesuque Formations as shown by the log. 

Geologic Log of DT-9 
(Altitude of Land Surface m) 

Units 
Bandelier Tuff 

Tshirege Member 
Otowi Metrber 
Guaj e r.tember 

Puye Formation (fanglomerate) 
Tschicoma Formation 
Puye Formation (fanglomerate) 
Puye Formation (conglomerate) 
Tesuque Formation 

"Thickness 
(m) 

• 
206.0 
38.4 
14.6 
22.6 
72.5 
47.8 
11.6 
43.9 

Depth 
(m) 

206.0 
244.4 
259.0 
281.6 
354.1 
401.9 
413.5 
457.4 

The well was equipped with a ptunp for the aquifer test. After the test, 

the pump \vaS removed. The well has been equipped \vith a semi-continuous \vater ... 

stage recorder to determine the regional trends of water-level change of the 
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main aquifer.. The well is located in a remote area away from the influence 
,, 

4lt of pumpage for water supply. The regional decline from 1960 through 1968 has 

• 

been about 0.61 m or 7.6 em per year. The recorder has shown that the aquifer 

is very sensitive to atmospheric pressure changes, earth shocks, and probable 

earth tide effects. 26 The following data recaps the hydrologic characteristics 

of the aquifer which occurs in the Puye Formation (fanglomerate and conglomerate) 

Tschicoma and Tesuque Formation. 

Aquifer Test DT-9 (1960) 
Thickness of Aquifer (m) 

Duration of Test (hrs) 
Pumping Rate (1/sec) 
Water Level prior to Test (m) 
Total Drawdown (m) 
Specific Capacity [ (1/sec)/ (m)] 

(Entire Test) 1 
Transmissivity (m2/day) 
HYdrologic Conductivity (rn/day) 

91.4a 

24 
5.6 

305.7 
1.2 

4.6 
760 

8.2 

a Saturated section that should yield water readily to the well. 

2. Chemical Quality of Water 

Except for the sampte collected in 1960 which was pl.Dllped, the remainder 

of the samples were collected with a sampling bailer. The following table 

presents the chemical quality of water • • 

·232 ... 



Olemical Quality of Water 
(Analyses in mg/1) 

Year Na · ·c1· F N03 ms 
1960 12 2 0.3 <0.4 136 
1969 19 3 <0.1 1.3 160 
1970 10 5 <0.1 <0.4 120 
1971 14 4 <0.1 0.9 160 

There was no significant change in quality of water during the period 

- 1960 through 1971. 

3. Radiochemical Quality of Water 

The follolving table presents radiochemical data as determined upon com

pletion of the well in 1960. 

Radiochemical Quality of Water DT-9a 
(Analyses in pCi/1 except as noted) 

• 

5-7-60 
1.4 • Alpha Activity 

Beta Activity 
Radium (Ra) 

Total Uraniumb 

a Analyses U. S. Geol. Survey 
b lJ.g/1 

3.6 
<0.1 

0.8 

Samples \vere collected during the aquifer test at intervals of 4, 12, 

16, and 24 hrs after pumping began.• Gross Beta was <14 pCi/1; total Plutonium 

was <0. 5 pCi/1 and total uranium was <0. 5 JJ.g/1 in the four samples analyzed. 

The following table presents analyses collected in 1969 and 1970. 
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Gross Alpha 
Gross Beta 
238Pu 

239Pu 

Total Uraniuma 

a ~g/1 

Radiochemical Quality of Water DT-9 
(Analyses in pCi/1 except as noted) 

2-20-69 

<1 

1 

<0.05 
<0.05 
0.8 

4-28-70 

<1 

2 

<0.05 
<0.05 
0.9 

No significant concentrations of radionuclides were detected in the 

analyses. 

K. Test Well DT-10 

Test well DT-10 was completed in 1960 as a part of the three wells lo

cated south of Water Cany~n, to determine geologic and hydrologic conditions 

underlying the plateau. (Fig. 21). 

1. Geologic and Hfdrologic Conditions 

The test hole penetrated rock units of the Bandelier Tuff, Basaltic 

Rocks of Chino Mesa, Tschicoma, and Puye Fonnations as shown by the log. 

Geologic Log of DT-10 
(Altitude of Land Surface 2139 m) 

Units 
Bandelier Tuff 

Tschirege Member 
Otowi Member 
Guaj e Member 

Puye Formation (fanglomerate) 
Tschicoma Formation 
Basaltic Rocks of Chino Mesa 
Puye Formation (fanglomerate) 
Puye Formation (Conglomerate) 
Tesuque Formation 

Thickness 
• (m) 

204.8 
47.8 
10.7 
32.9 
12.2 
82.0 
22.9 
14.0 

2.1 

Depth 
(m) 

204.8 
252.6 . 
263.3 
296.2 
308.4 
390.4 
413.3 
427.3 
429.4 

The well was equipped for test purposes only. The following test purposes 

only. The following data recaps the hydrologic characteristics of the aquifer 
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·-· 
that occurs in the Puye (fanglomerate and conglomerate) and Tschicoma For-

..._,~' 
mat ions. The \~ell only penetrated a thin section of the Tesuque Fonnation • 

( 2m). 

Thickness of Aquifer (m) 
Duration of Test (hrs) 
Pumping Rate (1/sec) 

Aquifer Test DT-10 (1961) 

Water Level prior to Test (m) 

Total Drawdown (m) 
Specific Capacity [(1/sec)/(m)] 

Entire Test 
Transmissivity (m2/day) 
Hydrologic Conductivity (m/day) 

60.9a 

16 
4.9 

330.7 
1.5 

3.3 
447 

7.4 

a Saturated section that should yield water readily to the \~ell. 

2. Olemical Quality of Water 

Samples were collected from the well with a sampling bailer. 

ing table presents the chemical' quality of \~ater. 

Chemical Quality of l~ater ur -10 
(Analyses in mg/1) 

Year Na C1 F N03 
1960 11 3 0.2 1.0 
1963 14 3 0.4 0.9 
1967 12 6 • 0.1 <0.4 

1969 19 3 <0.1 0.9 

1970 10 3 0.4 <0.4 

The follow-

m 
138 
185 
141 
155 
118 

There was no significant change in the quality of water during the period 

1960 through 1970. 

3. Radiochemical Quality of Water 

The following table presents radiochemical data as determined upon 
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• 
completion of the well in 1960 • 

Alpha Activity 

Beta Activity 
Radium (Ra) 

Total Uraniumb 

Radiochemical Quality of Water DT-lOa 
(Analyses in pCi/1 except as noted) 

5-5-60 
<0.8 

8.7 
<0.1 

1.0 

a Analyses U. S. Geol. Survey 
b ].Jg/1 

The following data was collected in 1960 and 1963. 

Date 

5-5-60 
. b 

9-20-60 
11-13-63 

2-15-67 

a J.Jg/1 

Radiochemical Quality of Water DT-10 
(Analyses in pCi/1 except as noted) 

Gross Total 
Beta Plutonitun 

<14 <0.5 
<14 <0.5 
<14 <0.5 
<14 <0.5 

b 4 samples collected during aquifer test. 

The following data was collected in 1969 and 1970 • 

Gross Alpha 
Gross Beta 
238Pu 
239Pu 

Total Uraniuma 

a J.Jg/1 

• 
Radiochemical Quality of Water ur-10 

(Analyses in pCi/1 except as noted) 

2-24-_69 
<1 

1 

<0.05 
<0.05 

1.2 
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Total 
Uraniuma 

<1.0 

<4.0 

0.7 
<0.5 

4-30-70 
<1 

2 

<0.05 
<0.05 

0.4 



There were no significant concentrations of radioactivity detected in 

the aquifer at Well UI'-10 during the period 19.60 through 1970. 

L. Test Hole H-19 

Test hole H-19 was completed in 1949. It was drilled for geologic and 

hydrologic information related to the development of possible water supply. 1 

The test hole is located in upper Los Alamos Canyon (Fig. 21). 

1. Geologic and HYdrologic Characteristics 

The test hole penetrated rock tmits of alluvium, Bandelier 1\lff, Puye 

and Tschicoma Fonnation as shown by the log. 

Geologic Log of H-19 
(Altitude of Land Surface 2188 m) 

Units 

Alluvium 
Bandelier Tuff 

Tshirege Member 
Otowi Member 
Guaj e Member 

Tschicoma Formation 
Puye Formation (fanglomerate) 
Tschicoma Formation 
Puye Formation (conglomer~te) 
Tschicoma Formation 

Thickness 
(m) 

8.2 

52.7 
65.5 
17.4 

105.8 
119.2 

82.3 
3.0 

155.4 

Depth 
(m) 

8.2 

60.9 
126.4 
143.8 
249.6 
368.8 
451.1 
454.1 
609.5 

The test hole encountered a large thickness of relatively impermeable 

latites and rhyolites of the Tschicoma Formation which decreased the hydro-
• 

logic Conductivity of the main aquifer. The yield would not be sufficient 

for completion as a supply \iell. The top of the main aquifer is about 295 m 

in the test hole. No records exist of aquifer tests. The hole was abandoned 

and casing pulled in 1949. 

1\1. San Ildefonso Stock Wells 

Two stock wells located to the northeast of the Los Alamos area were 

sampled to obtain background data on the chemical and radiochemical quality 
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• 

of water in the main aquifer. The wells are located in the flat area east 

of the Puye Escarpment (Fig. 21) • 

Well RWP-2 is at an altitude of 1680 m. The well is completed into the 

Tesuque Formation and has a reported water level of 40. 0 m. Well RWP- 5 is 

at an altitude of 1742 m and is also completed into the Tesuque Formation. 

The water-level is reported at a depth of 32.0 m. Both wells are equipped 

with windmills. 

1. Chemical Quality of Water 

The following table SliDl!Tiarizes the chemical quality of water in 1967. 

Chemical Quality of Water, RWP-2, RWP-5 
(Analyses in mg/1) 

RWP-2 RWP-5 

Na 47 79 

Cl 8 10 

F 0.1 0.2 

N03 0.9 3.1 

TDS 170 253 

Chemical quality indicates low to moderate TDS which is characteristic 

of water in the Tesuque Formation. 

2. Radiochemical Quality of Water . 

The following table summarizes the radiOchemical Quality iri 1967 • 

Gross Alpha 

Gross Beta 
238Pu 
239Pu 

Total Uraniuma 

allg/1 

• 
Radiochemical Quality, Rl'lP- 2, RWP- 5 

(Analyses in pCi/1 except as noted) 

RWP-2 

4 

10 
<0.05 
<0.05 

1.8 

-238-

RWP-5 

2 

14 
<0.05 
<0.05 

2.3 



There is no significant concentrations of radionuclides as seen by the 

analyses. 

N. Buckman Well 

This is an abandoned well that was used for \'later to service the rail-

road that ran from Alamosa, Colorado to Santa Fe. The railroad was aban

doned in 1940. The well is located across the Rio Grande from Los Alamos 

(Fig. 21). 

The well is completed in the main aquifer which is the Tesuque Formation. 

The total depth is tmknown, but when so1.mded in 1964, it was only open to 

13.1 m. The well was flowing about 0.3 1/sec on August 25, 1964. 

1. Chemical and Radiochemical Quality of Water 

The following tables summarize the quality of water from the well. 

Chemical Quality 
(Analyses in mg/1) 

8-25-64 

Na 48 

Cl 4 

F 0.4 

N03 5.3 

TDS 247 

Radiochemical Quality 
(Analyses in pCi/1 except as noted) 

8-25-64 

Gross Beta <14 

Total Plutonium < o. 5 

Total Uraniuma 2.0 

a lJg/1 

"· 
~ 

"";, 

There ~'/ere no significant concentrations of ions or radionuclides in the .• 

water when compared with other waters of the main aquifer. 
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• XXI Stn.f-.1ARY 

The surface water and ground water in the alluvium are separated from 

water in the main aquifer by several hundred meters of unsaturated volcanic 

tuff and sediments. The surface water recharges the shallow aquifers in the 

alluvium in the canyon drainage areas. As the stream flow is intermittent and 

mainly dependent on the release of effluents from sewage and industrial 

treatment plants, the quality of water in the stream and the shallow aquifer 

is dominated by the quality of the effluents released after treatment. The 

water in the stream and in the alluvium is not a source of municipal, indus

trial, or agriculture use. There is no surface flow of effluents beyond the 

Laboratory boundaries. The following section summarizes the conditions in the 

drainage areas. 

Drainage Area 1 (Barranca Canyon) 

The drainage area of about 4. 9 km2 receives:no effluent discharges. The 

canyon contains only intenni ttent storm runoff. No water samples have been 

collected and analyzed. Radiochemical analyses of sediments show only back

ground concentrations of radionuclides. 

Drainage Area 2 (Bayo Canyon) 

The drainage area of about 9.8 km2 receives no effluent discharges. The 

canyon \vas used as a test area until 1964. It contains only interrni ttent 

storm nmoff. • Chemical concentrations of storm runoff taken while the area 

was in operation are nonnal. Radiochemical analyses of sediments show no in

dication of contamination from the operations of the test area. 

Drainage Area 3 

The drainage area of 0.3 km2 contains no well defined channel nor receives 

any effluen~ discharge. 
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Drainage Area 4 (Acid-Pueblo Canyon) 

The dr~inage area of 22.3 km2 rec.eives effluent from t\vo community sew

age treatment plants and did receive industrial effluents containing radio

nuclides from 1943 through 1964. The release of sewage effluents maintain a 

base flow in a part of the canyon and recharges the water in the alluvium, 

a small body of perched \vater in the Puye Fonnation in the mid-reach of the 

canyon, and a second body of perched water in the Basaltic Rocks of Chino 

Mesa in the lower part of the canyon. The chemical quality of water in the 

stream, aquifers in alluvium, perched water in the volcanic sediments, and 

basalts is dominated by the quality of sewage effluents released. The inter

mittent release of industrial effluents during the period of operation of 

the treatment plant elevated for short periods of time: the chemical concen

trations of the sewage effluents in the canyon. 

• 

The industrial effluents contained some mixed fission products, but the ~ 

major concern is the amount of plutonium released. In general, these concert-

trations decreased downgradient in the canyon from the effluent outfall both 

in solution and in sediments of the channel. This is due mainly to the uptake 

of the radionuclide by sediments in the stream channel. The concentrations 

are normally higher near the outfall decreasing downgradient in the channel. 

The accumulation of radionuclide and sediments are flushed and dispersed 

down the canyon by s tom runoff. • 
The maximum reported concentration of plutonium in solution during the 

period 1958 through 1972 was 18.2 pCi/1 that occurred in 1963 in the shallow 

water in the alluvium. About 8 pCi/1 occurred in 1971 in surface flow at 

Acid Weir. This later analyses indicate resuspension of the plutonium into 

solution from the sediments or tmderlying tuff bedrock. The concentration 

guides for tincontroled areas for plutonium in solution is 5 x 103 pCi/1. 
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Thus, the hig~est concentraion reported in the canyon is below recommended 

4lt levels for uncontrolled areas. 

The total am:>lDlt of plutonium released in; the canyon during the period 

1943 to 1964 was estimated at 170 mCi. The major am:>unts remaining in the 

canyon are believed to be adsorped by or attached to the channel sediment. 

An inventory made in 1972 indicated that the sediments only contain about 

12 mCi. The remaining 168 mCi have been flushed by stonn runoff into Los 

Alamos Canyon. 

Drainage Area 5 (DP-Los Alamos Canyon) 

The drainage area of 27.5 km2 receives effluent from n~o sewage treatment 

plants (one near TA-21 and the other near TA-41) and an industrial l~aste treat-

ment plant that processes radioactive influents. The volume of the se,~age 

and industrial effluents released into DP and Los Alamos Canyon are low. 

,-., They rapidly infiltrate into the alluvium. The stream flow in Los Alamos Can

yon is impolDlded by a dam on the flanks of the mountain to the west of the 

plateau. Stream flow is intennittent in the canyons of the plateau. The rna-

j or volumes of stream flow occur during the summer from heavy showers; ho\~ever, 

a heavy snow pack can produce runoff for one to two months during the late 

spring. 

The chemical quality of water in the short reaches of base flow below 

the plants is reflected in the sbnilar quality of water in the alluvium. , This 

is quite evident as the industrial and sewage effluent from DP Canyon move 

into the mid-reach of Los Almoos Canyon. As in Pueblo Canyon, the chemical 

quality of the water improves downgradient In the canyon. 

Plutonium is the major radionuclide in the industrial effluents. The high

est concentration of plutonium in solution was about 77 pCi/1 reported in 

1967. In 1972, the highest concentration was about 6 pCi/1. These concentra

tions decrease downgradient in the canyon. The concentration of plutonium 
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recommended for uncontrolled areas is 5 x 103 pCi/1 thus, the highest con

centration reported is below this level. 

The total amount of plutonium released in the canyon during the period 

1952 to 1972 was about 30.8 mCi. An inventory in 1972 indicated an estimated 

3. 7 mCi remained in the canyon to the junction of Pueblo Canyon. The remain

der 27.1 mCi was flushed during stonri runoff events into the lower reach of 

Los Alamos Canyon and to the Rio Grande. 

Drainage Area 6 (Sandia Canyon) 

The drainage area of 7. 0 km2 receives sewage effluent and blow-down of 

process water from the TA-3 power plant. The stream in the upper reach of 

the canyon is perennial with the release of the effluents. The chemical 

quality of the water in the stream and alluvium reflects the quality of 

effluent released. No radionuclides are released into the canyon. 

analyses indicate only background concentration of radioactivity. 

Sediments 

sufficient to maintain the aquifer of limited extent within the upper reach 
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• 
of the canyon • 

Radionuclides released with the effluent are bound to sediments in 

the stream channel. The sediments are subject to transport by storm runoff; 

however, since hydrologic observations began in 1960, storm runoff has not 

reached the Laboratory boundary. In general, the concentration of radio-

activity in solution and sediments decrease downgradient in the canyon. 

Plutonium is a major radionuclide released with the effluents. The 

highest concentration reported in solution has been about 30 pCi which is 

below recommended levels for uncontrolled areas. 

About 42.1 rnCi of plutonium, 449 mCi of strontium 89, and 315 mCi of 

strontium 90 have been released into the canyon from the plant at TA-50. An 

additional 1,326 mCi of strontium 89 and 223 mCi of strontium 90 \..rere releas

ed from 10-Site into a small tributary canyon to llirtandad. There has been 

little or no transport of these radionuclides into llirtandad. All radionuclide 

released have remained in the canyon as volume of storm nmoff has been to 

small to allow transport to the Laboratory b01mdary. 

Drainage Area 8 

The drainage area of 0. 5 km2 contains no well defined channel nor re

ceives any effluent discharge. 

Drainage Area 9 

The drainage area of 8.8 km2 re~ives only a small volume of effluents 

from a cooling process. 

The chemical quality of the \-later in a small reach of the stream is good 

and contains only natural concentrations of radionuclides. The analyses of 

channel sediments also show no indication of contamination by radionuclide 

from Laboratory operations. 
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Drainage Area- 10 (Pajarito Canyon) 

The drainage area of 27.5 km2 receives a small volume of s~..rage effluent. 

As the canyon has a large drainage area on the flanks of the mmmtain 

i.J1tennittcnt snow melt and summer thundy showers prm:ide enough runoff to 

recharge a small body of '..rater in the allwium. 

The chemical quality of water in the stream is not objectional (l0\'1 TUS) 

nor does it contain concentrations of radionuclides that indicate contamination. 

Drainage Area 11 (Water Canyon) 

The drainage area of 33.3 km2 receives small volumes of sewage and 

industrial process water. The volume is sufficient to maintain a small reach 

of perennial flow in the mid reach of the canyon. The chemical quality of the 

surface flow is not objectionable (low TDS) nor does it contain concentrations 

of radionuclides- that indicate contamination. Sediment analyses show only 

background concentrations of radionuclides except in one canyon that is 

trubutary canyon from the north that contains above background concentration 

of total uranium. This is due to testing adjacent mesas and transport into 

the canyon by runoff. 

Drainage Area 12 

The drainage area of 1. 3 Ioi contains no \vell defined charmel nor 

receives any effluent discharge. 

Drainage Area 13 (Ancho Canyon) • 
The drainage area of 17.4 km2 contains a perennial stream in its lower 

reach to the Rio Grande. The canyon receives no effluent releases. The 

chemical and radiochemical quality of the \..rater are nonnal. Sediment 

analyses show only natural or background concentrations of radionuclides. 

Drainage Area 14 

The drainage area of 1. 6 km2 contains no \vell defined channel nor 
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• 
receives any efgluent discharge. 

Drainage Area ·15 (Choquehui Canyon) 

The drainage area of 4.7 km2 contain a small spring bed reach of 

perennial flow above the Rio Grande. The canyon receives no effluent 

releases. Chemical and radiochemical analyses of ,.;ater are nonnal showing no 

indication of Laboratory operations. Sediment analyses show only natural or 

background concentrations of radionuclides. 

Drainage Area 16 

The drainage area 1. 0 of km2 contains no well defined channel nor does 

it receive any effluent discharge. 

The chemical quality of the surface and ground water in the alluvial 

aquifer pore no environmental or health problems as the result of past 

Laboratory activities. The water are contained with in the Laboratory 

areas. The chemical quality in some canyon may be poor; however, the quality 

generally improves as it moves downgradient •. The·water is not a source of 

municipal, industrial, or agricultural useage. 

The areas of present release of radioactive industrial effluents is 

controlled. The largest concentrations of plutonium found in solution are 

below recommended limits for uncontrolled areas. The bulk of radionucliqes 

• is attached or absorbed in alluvial materially in the channels below the 

plaint outfall. Estimated inventories of plutonium in Acid-Pueblo and 

DP-Los Alamos Canyons indicate that about 195 mCi have been transported past 

the Laboratory boundries.by storm runoff into Lower Los Alamos Canyon and 

to the Rio Grande in the past 30 years. Trace of plutonium above the 
.. 

limits of detection (::: 0.05 pCi/g) can be found in sediments of lower Los 

Alamos Canyon. 



Sediment volumes in the Rio Grande at Otowi Bridge have ranged from 

0.6 x 106 to 6.8 x 106 t '~ith an average of about 2.2 x 106 t for the 24 year 

period from 1948 through 1971. Considering the mixing of 195 mCi of 

plutonium '~ith the average annual sediment load for a single year the 

average plutonium concentration in sediment of the river would be 9 x 10-5 

pCi/g. Using an average annual release of 6.5 mCi of plutonium (195 rnCi/30 

years) '~ith the average annual sediment load the sediment concentration in the 

river would be about 2.7 x 10- 5 pCi/g. Thus it appears due to the dispersion 

of the radionuclide the effect that can be measured of transport of 

radionuclides in the Rio Grande would be slight. 

Four test wells completed into the main aquifer in canyon receiving 

radioactive industrial effluent exhibit no change in chemical quality nor 

any trace of radionuclides that can be attributed to the release of the . ...,. 

effluents. The chemical and radiochemical quality of water from the remainder...f 

of the test wells completed into the main aquifer also show no effect of the 

Laboratorys or Community release of industrial or sewage effluents. 

The industrial and sewage effluents :Jnfiltrate into the alluvium of the 

Canyon to recharge bodies of water perched on the tuff. As the water move 

do\mgradient some is lost to evapotranspiration and the remainder move into the 

\Dlderlying tuff. The m::>vement of water in the tuff is downward and the rates 
• of movement vary due to the different hydrologic characteristics of the tuff. 

The volcanic debris of the PSye Fonnation and Basal tic Rocks of Olino Mesa 

contain lenses of silt and clay that would tend to perch and distribute over 

a large area any water moving downward to the main aquifer. In general 

several hundred meters of unsaturated tuff, volcanics debris and basalts 

separate th~ water in the alluvium and main aquifer. 

The movement of water in the main aquifer is at about 110 m/yr. toward 

the natural discharge area of the Rio Grande. It would take over 100 years 



based on this fate of movement for the \vater in the main aquifer to reach the 

• river from the central part of the plateau. Thus if any contaminates, 

chemical or radiochemical, should reach the aquifer the transit time from 

point of contamination to discharge area would allow chemical and ion or 

base exchange reactions to take place so no contamination would remain in the 

water at the natural discharge area. 

• 

• 
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Appendbc A 

Physical Characteristics 
of the Bandelier 1\.lff 

TI1e Bandelier Tuff is fanned by a series of ash flows and ash falls which 

are described as nonwelded, moderately 'velded, and welded tuff. The nonwelded, 

moderately welded, and \velded tuff grade one into the other both vertically 

and horizontally. 

The upper Tshirege Member, is about 250 m thick along the western edge 

of the Pajarito Plateau and thins easnvard to less than 15 m. Individual 

moderately welded and welded ash flows in the upper part of the Tshirege 

Hember range from 6 to 40 m thick. Some of the uppennost ash flows are 

beveled off by erosion eastward across the plateau. Outliers of tuff overlie 

the Puye formation along Puye Escarpment. -Most all ash flows thin eastward 

. ._.1 • 

from the source area (Sierra de los Valles). Nomvelded ash flows of the Otmvi _..l 
Member may be as much as 90 m thick near the center of the plateau. 1/ ~ 

/ 

I. Welding 

The welding process of an ash flmv tuff begins after emplacement. The 

major factors affecting welding are heated at the time of emplacement, amount 

of volatiles in the mass, rate of cooling, and thickness of the ash flow. 2/ 

The degree of welding ranges from incipient stages marked by the sticking 

together or cohesion of glassy fragments to complete welding marked by the 
• 

cohesion of the surfaces of glassy fragments accompanied by their deformation 

and elimination of pore space. 

Zonal variation of welding occurs vertically within individual flows or 

within a series of flows that have cooled as a single unit. 3 Single ash 

flows that have cooled as a unit may sho\o~ a greater degree of \velding near 

the center·than near the upper and lmo~er contacts. A series of ash flows 

that have been emplaced in rapid succession may cool as a single unit 'vith 
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• 
the greatest degree of welding near the center. 

Variation of welding occurs horizontally within individual flows with 

greater degree welding near the mountains (the source area). The degree of 

\velding becomes less eastward across the plateau. 

The tuffs in the Los Alamos area are classified according to the degree 

of welding--i. e., nonwelded, moderately welded, and welded tuffs. Welding 

results in increased cohesion and deformation of the glassy fragments in the 

tuff. Nonwelded tuff has high porosity, only slight cohesion of the glassy 

fragments, and crumbly fracture; moderately welded tuff has lesser porosity, 

moderate cohesion, slight deformation of the glassy fragments, and a somewhat 

brittle fracture; and \velded tuff has lower porosity, good cohesion, a high · 

degree of deformation by flattening of glassy fragments, and a brittle 

fracture. 4 

The degree of welding influences most of the physical characteristics of 

the individual ash-flow tuff units. 

The following shows a large range in porosity in each of the variations 

of tuff indicating that welding is only one of several factors detennining 

porosity. 

Nonwelded tuff 
MOderately welded tuff 
\~elded tuff 

• 

Range in porosity 
(percent by volume) 

40 to 60 
30 to 55 

15 to 40 

The surface of ex-osed tuff (nonwelded to welded) becomes "case hardened" 

as it is exposed to the weather. In this process, due to the porosity of the 

tuff, moisture is absorbed and some minerals are dissolved. The minerals are 

returned to the surface by evaporation as the tuff dries out where they are 

- precipitated ·to form a rind. This rind forms a protective surface lvhich re

sist the \-.rearing a\vay of the surface by \vind and \vater. However, exposed 



pumice fragments weather out rapidly leaving small cavities i~ tuff surface. 

II. Density 

The density of nonwelded tuff is lower than in welded tuff. This is due 

to the compaction of the matrix (glass shards and ash) and closer arrangement 
• 

of the quartz and samidine, crystals, and rock fragments in the process of 

welding of a welded tuff. The specific gravity of the tuff matrix averages about 

2. 55. The range in bulk density of nonwelded to welded tuff depends on the 

porosity (i. e., the larger a porosity the smaller the density). 

The following table shows a comparison of the densities of pumice and the 

tuff (nonwelded to welded) with other rock types. 

Rock Type Range in density 
pumice (nonwelded) (gm/cm3~ 

<1. 
Nonwelded tuff 1.02-1.52 
MOderately welded tuff 1.15-.1. 84 '"-. 
Welded tuff 1.52-2.16 • Granite 2.64-2.76 
Marble 2.60-2.84 
Sandstone 2.14-2.36 
Basalt 2.4 -3.1 

III. Bearing capacities 

The bearing capacities of a tuff are dependent upon the density of tuff 

(i. e., the greater bearing capacities occur with the tuff of greater density). 

The density of the tuff is related td welding (i. e., density of the tuff in

creases from nonwelded tuff to welded tuff). 

Data ·are available on the bearing capacities of the moderately welaed tuff. 

The following table shows the relationship of density change to the resistance 

to crushing of a moderately welded tuff. 
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Density 

(gm/an3) 

1. 73 

1. 74 
1. 77 

1.79 (probably with pumice inclusion) 

1.81 

1.83 

Resistance to crushing 

(kg/m2) 

2.4 X 105 

3.7 X 105 

3.9 X 105 

3.4 X 105 

4.8 X 105 

5.6 X 105 

Rock inclusions of pumice, rhyolite, and latite are fotmd in the tuff. The 

frequency of occurrence of the rock fragments differs in individual ash flows 

and at different locations within the same ash flow. 

The pumice fragments may be as much as 5 an in length and 2 an in diameter. 

The pumice is soft and friable. Pumice fragment inclusion in a small sample of 

the tuff would decrease the bearing capacity as failure would most likely occur 

within the pumice fragment. The rhyolite and latite fragments are dark gray, 

hard, and may be as much as t\'10 or three inches across. These large rock 

fragments would add strength to the matrix of tuff. 

The following table is a comparison of the bearing capacities of a 

moderately welded tuff (density 1. 73 and - 1.82 g!an3) and miscellaneous rock 

type. The bearing capacity is computed as 1/5 of rupture strength of the 

material. 

Rock Type 

MOderately welded tuff (1.73 g/cm3) 

MOderately welded tuff (1.82 g/cm3) 

Sandstone 

Limestone 

Marble 

Granite 

IV. Thennal Conductivity 

• 

Bearing capacity 

(kg/m2) 

4.7 X 104 

1.1 X 105 

3,4 X 105 

8.4 X 105 

1,1 X 106 

1.4 X 106 

The thennal conductivity of the tuff is related to porosity, thus, the 



thennal conduc-tivity of a nonwelded tuff would be less than a \'lelded tuff as 

more pore space is available for insulation. 

The only data available on the thermal conductivity was made of a 

rroderately "Welded tuff in one area investigated. The follm.,ring table is a 

companion of the thennal properties of the tuff and miscellaneous rock types. 

A decrease in thermal conductivity increases the insulating value. 

Mbderately welded tuff 
Limestone 
Sandstone 
Marble 
Granite 

V. Mineral composition 

Range of thermal conductivity 

(cal, gm-cm 
0 

) 
hr x an2 x C 

0.38-0.47 
4.9 -11 
9.9 -zo 
17-25 
16-35 

~ • 

The tuff is rhyolitic in composition and contains small rock fragments·of lilt 
rhyolite, latite and devitrified pumice and crystals and crystal fragments of 

sanidine, and quartz, in a matrix of glass shards and welded ash, Dark 

minerals are scarce although traces of crystal fragments of biotite, hornblende, 

and pyroxene have been observed. 2 

Seven samples of a moderately welded tuff were analyzed petrographically 

by C. S. Ross (written conrnuni.cation, July 7, 1960). Ross recalculated the 

proportions of phenocrysts in tenns tOf proportion by weight. The results of 

all seven were similar, one of which is presented here: 

Pore space 
Phenocrysts 
Sanidine 
Quartz 
Nagnetite 
Pyroxene 

about 30 percent by volume 
about 20 percent by weight 
12 percent by weight 
6 percent by weight 
1 percent by weight 
0. 5 :t percent by ,.,eight 

The grotmd mass is typical devi trified \llelded tuff. The devi trification 
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products are very fine grained, but show typical cristobalite feldspar 

structure. Cavities contain radial groups of feldspar and tridyrnite. The rocks 

contain a few areas of altered andesite, and some bro\in firefracting clay like 

material (probably montmorillonite). 

VI. Chemical composition 

The color of the tuff ranges from very light gray to medium dark gray. 

Some tmi ts range from pinkish gray to light pink. Large fragments of plDTli.ce 

that appear much darker than the matrix in some units enhance the color of the 

tuff. MOderately welded units are generally lighter in color than the welded 

units. The coloring is inherent in the tuff and probably the result of minor 

changes in the chemical constituents and heat of emplacement. 

In general the tuff is composed namely of silica and alumina. The range 

in chemical constituents is shown on the following table. 

Range 

Chemical constituents ~in Eercent) 

Silica (SI02) 72.0-78.2 

Alumina (AI2o3) 11.2-13.8 

Ferric oxide (Fe2o3) 1.1·--2.1 

Ferrous oxide (FeO) • 21--·:..-75 

Magnesium oxide ~0) .02- .• 33 

Calcium oxide (CaO) . • 26-1.17 

Sodium oxide (Na20) 3. 5-4.5 

Potassium oxide CX20) 4.2-4.7 

Water (H20) • .15-2. 8 

Titanium oxide (Ti02) .10- .32 

Phosphorous oxide (P2o5
) .10- • 07 

Manganese oxide (MnO) .00- .98 

Carbon dioxide (C02) < •• OS 

VII. Joints 

Joints ~d joint systems are prominent in the Tshirege Member. The 

joints divide the rocks into multitudinous polygonal blocks, many of which are 

prismatic or columnar. 
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The joints can be classified into two groups, master joints and minor 

joints. The tenn "master joint" signifies those joints that are numerically 

predominant, are most persistent in length, and pass through several groups of 

beds. 5 

The master joints can be traced vertically across t\v-o or more units of the 

Tshirege Member. They are vertical or near vertical, dipping more than 80°. 

The overall vertical trends of the individual master joints are relatively 

straight; however, they curve slightly through individual units and upon 

entering a unit of different degree of welding, may be deflected slightly. 

The minor joints dip at angles from about 40° to 80° and in most instances, 

intersect the master joints. These joints are not as persistent as master 

joints. 

~~ter joint systems in Mbrtandad Canyon display orientation differences 

of about 60°. 6 Joint systems mapped at ~Iesita del Buey also indicate 

orientation differences of 60°. 7 The angular differences between these joint 

systems suggest that these sets are conjugate tension joints caused by 

shrinkage during cooling of the rocks • 

• 

• 
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Appendix B 

HYdrologic Characteristics of the 
Bandelier Tuff • 

The natural moisture content of the tuff forming the mesas benieen the 

eastward-trending canyons is generally less than five percent by volume. Thus, 

movement of moisture is under unsaturated conditions. The 10\V' moisture content 

of the tuff is caused by the protective cap of clay soil derived by weathering 

of the tuff near the surface. The hydrologic characteristics of the tuff 

depend largely upon the degree of welding of the individual ash flows. 

I. Hydrologic Effects of Soil 

The surfaces of the finger-like mesas w·hich form the Pajarito Plateau 

are covered by a clayey soil derived by weathering of the underlying tuff of 

the Tshirege Member. The soil is thickest near the axes of the mesas and thine:' , 

to,.;ard the edges where the tuff is expo~ed. Thick sections of soil have also ~ 
developed along slow draining arroyos cut into the surfaces of mesas and in 

relatively flat areas where water collects and stands. The greatest knmm 

thickness of woil is at Frijoles Mesa where 2.7 m was logged in a shallow test 

hole located in a relatively flat a~ea. 

Petrographic examination of the soil derived from the Tshirege ~tember 

was made by Staritzky of the Los Alamos Scientific Laboratory.1 He found that 

the size distribution of the "sand" traction (greater than SO microns in 

diameter) varied between 15 and 38 percent, the "silt" fraction (2 to SO 

microns in diameter} varied between 58 and 73 percent, and the "clay fraction" 

(less than 2 microns in diameter) varied benv-een 4 and 12 percent. Mineralogicall 

the principal constituents of the soil were quartz and feldspar, and the most 

important s~ondary constituents are the clay minerals, mon~rillonite and ~ 

illite. Mbnmorillonite is known to have the highest base-exchange capacity 
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(85 to 100 millequivalents per 100 grams) and illite the next highest (25 to 

tiJ 30 rnillequivalents per 100 grams) among the clay minerals. 

A study of the natural distribution of moisture in soil and in near 

surface tuff was made at Frijoles ~~sa during a 2-year period. The moisture 

content in the soil cover, including the transition zone from the soil to 

weathered tuff, varied according to prevailing weather conditions. The 

moisture content was highest in March and April as the result of late winter 

snows and thawing and lvas generally lowest in the months of August through 

October owing to high evapotranspiration rates. Water from precipitation 

rarely infiltrated through the undisturbed soil cover into the underlying tuff 

and only in an extremely low moisture range (less than S percent moisture by 

volume) within the upper 1 m of the tuff. 2 

The upper two units of moderately welded tuff (thickness about 36.5 m) at 

Frijoles Mesa blow air through open joints in response to a declining atmospheric 

pressure therefore, the soil cover, which prevents ros·t of the precipitation 

from infiltrating into the underlying tuff, also impedes the exchange air from 

the atmosphere to the tuff. 3 

II. Hydrologic Characteristics of Nonwelded, MJderately Welded and Welded 

Tuff 

The hydrologic characteristics of tuff related to porosity, specific yield, 

specific retention, pore size distribution and hydrologic conductivity were 

determined of in six mits of the Tshirege member at Frijoles Mesa. These 

hydrologic characteristics were determined in the laboratory under saturated 

conditions. ·As saturated conditions rarely occur in the tuff, these 

parameters maybe of only general interest. 

The porosity of the tuff at. Frijoles Nesa ranged from 19 to 54 percent by 

volume; the lowest porosities are in the welded tuffs. Specific yield and 

specific retention decrease with a decrease in porosity. Specific yield is 



greater than specific retention in a nom;elded tuff (high porosity); however, 
. 

as the porosity decreases the difference become smaller and low porosity 

specific retention in a welded tuff may be greater than specific yield. 

The relationship of porosity to pore size depends on the degree of 

welding, thickness of the flow, and position in the flow. The larger pore 

sizes and greater porosities are near the top of the flow and decrease 

vertically through the flow. This is due to the larger pores fonned by 

escaping gases near the top and compaction and baking of the middle and lower 

portion of the flow as it cools. 

The hydrologic conductivity is indirectly related to porosity depending 

upon pore size and the degree of interconnection of the pores. The permeability 

of the tuff matrix decreases with depth for the same reasons that the porosity 

decreases. 

Hydrologic characteristics of the Tshirege Nember of the Bandelier 1\l:ff, 

as detennined in the laboratory are shown in the following table. 

Deptl. 
Unit below 

HYdrologic characteristics of 
of the Tshirege Member 

at Frijoles Mesa 

Hydrologic .Characteristics 

Degree.of Specific 
welding Porosity yield 

Specific Range of 
retention Hydrologic 

\ 

surface 
of mesa 

(perfent) (percent) (percent) Conductivity 
(m/day) 

m 

6 0-19.5 M:>derate 38-54 . 18-34 16 .. 27 0.004-0.25 
5 19.5-20.1 None (sand) 1.4 -2.4 

4 20.1-41.1 MJderate 33-54 11-43 12-22 0.012-0.53 

3 41.1-53.3 Nonwelded 48 34 14 0.9 

2 53.3-83.5 Welded 19-37 .6-26 
··~ 

11-21 . 08-2 '; 
o.oo3-o.o"4 

lB 83.5-152.7 Nonwelded 50-2.1 
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• 
III . r.bvement of Water 

The Tshirege Member is dry beneath the surfaces of the finger like mesas. 

The moisture content of the tuff generally is less than 5 percent by volume, 

even though the specific retention ranges from 11 to 27 percent. Beneath the canyons, 

which contain perennial or intermittent streams, the moisture content of the 

tuff may be as much as 60 percent by volume; however, the water movement through 

the tuff is as unsaturated flow. Test holes drilled through alluvium and into 

the tuff in Water and Nortandad Canyons penetrated thick sections (up to 55 m) 

of wet tuff (up to 60 percent moisture by volume); however, no free water 

moved into the test holes. 

Holes through which instruments can be used to measure moisture content 

of the bore wall were holes constructed in the tuff beneath the stream channel 

in upper M:>rtandad Canyon and these holes contained no free water, although the 

•. welded tuff beneath the stream contained as much as 25 percent moisture by 

volume. Specially constructed roisture access holes in the tuff underlying 

water perched in the alluvium in lower M:>rtandad Canyon had moisture contents 

of the tuff as much as 45 ·percent by volume but the rock yielded no free 

water. The welded and nonwelded tuff in the canyon are transmitting water 

downward into the tuff by unsaturated flow. 

• 

The water in the tuff moves an \mSaturated flow. The majority of the 

pores are of capillary size., The enert,r relationship with moisture content of 

a moderately welded tuff was determined by Abrahams4 (Fig. 1). The saturated 

moisture content of the tuff was about 41 percent by volume. lihen moisture 

contents are below 4 percent there is no movement of water; from 4 to 8 percent 

moisture is redistributed by diffusion; from 8 to 23 percent distribution is 

by gravity and capillarity and above 23 percent the rovement is by drainage 

from gravity. 

A study of the movement of water through the tuff was made at 1'-iesita del 
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Buey. The movement of water from an infiltration pit was monitored by a 

series of moisture access tubes set in the tuff and a neutron-scattering 

• moisture prob and scaler. The average infiltration rate from a m
3 

pit under a 

constant head of 23 em of water averaged about 0.34 m/day for a period of about 

160 days. The wetted front moving into the tuff was sharpest during the first 

part of the test. After about 2 months of infiltration moisture had moved 

do\vnward more than 4.5 m moisture content ranged as follows: 35 percent by 

volume at 0.6 mbelow the pit, 30 percent at 0.9 m, 25 percent at 4 m, and 20 

percent at 4.6 m. 

IV. Hydrologic effects of welding 

The uppermost ash flow at Frijoles Mesa exhibits zonal variations of 

welding in a single cooling 1.mit by vertical changeS in porosity. The 

moderately lvelded flow is about 24 m thick near the center of the mesa. The 

greatest porosities are in the upper and basal parts of the flow. Lesser 

porosities (zone of denser welding) are in the 10\ver one third of the flow, 

and the pore size decreases with increased depth. The following table presents 

the hydrologic characteristics at different intervals in a single ash flow 

tuff. 

.,. 
,,. 

Height 
above base 
of flow 

(m) 

17.9 
47-; ~4.3 
47 14.3 

12.2 

6.7 
6.1 

Hydrologic characteristics of ~ ash-flow tuff at 
Frijoles t.tesa 

Porosity 
(percent) 

Specific 
yield 

(percent) 

• 
Specific 
retention 
(percent) 

Hydrologic 
Cbnductivi ty 

(m/day) 

Pore size 
distribution 
(percent of 

porosity) 

vertical horizontal > OJ rom <,01 mm 

54 
so 
54 

51 
49 
41 
47 

35 
34 

38 

34 
28 
24 

27 

19 
16 

16 

17 
21 
17 

20 

10.082 
0.12 

0.25 

0.16 
0.041 

0.12 

0.21 

0.16 

39 

26 

20 

0.004 0.082 20 

0.082 0.082 15 

61 

74 
80 

80 

85 



HYdrologic characteristics of an ash-flow tuff at 
Frijoles ·Mesa· (cont 'd) • 

Height 
above base 
of flow 

(m) 
Porosity 
(percent) . 

Specific 
yield 

(percent) 

Specific 
retention 
. (percent) 

Hydrologic 
Conductivity 

(m/day) 

Pore size 
distribution 
(percent of 

porosity) 

vertical horizontal >.01 rmn <.01 rnm 

5.8 42 23 19 0.041 0.033 
j.6 38 18 20 0.037 0.041 
1. o. 3 51 33 18 0.041 17 
1. 0.3 49 24 25 0.037 0.082 20 

·----··--

A decrease in porosity in an ash-flow tuff results in a decrease in 

specific retention increases proportionately (Fig. 2). The hydrologic con

ductivity is related to pore size and pore-size distribution rather than 

83 

80 

porosity. The permeability of the tuff matrix decreases at increased depth ..... 

with a general decrease in the percentage of pore sizes greater than 0.1 mrn. 

Variations in vertical and horizontal permeability in the lower one third 

of the flow may be due to movement and compaction of the ash flow as it 

cooled. Movement of flow as it cools could result in elongation of the pores 

in a horizontal plant, and the greatest penneability probably is in this 

direction. Three of the five horizontal hydrologic conductivities in the 

lower one third of the flow are greater than the vertical conductivities, how

ever, the conductivity measurements were taken in random directions and no 
• 

attempt was made at orientation to the probable direction of movement of the 

flow. 

V. Hydrologic effects of joints and contacts 

Joints and the fractures in the tuff are capable of transmitting fluid 

and may offset the relative inability for the adjacent rock to transmit fluid. 

The interconnection of the joint system is an important aspect of the 

\ 



• 
hydrologic regime. 

Joints in moderately \-lelded to welded tuff of the Tshirege t-1ember range 

from closed to open. Locally the amount of opening is as much a 5 em, however, 

the majority of joints are open less than 1 em. All joints tenninating at the 

base of the soil zone, which covers the surfaces of the mesas, are filled with 

a light-brown clay. The depth of clay filling varies from 0.9 to 1.2 m belmv 

the soil zone at Mesita del Buey and Frijoles Mesa. The joint openings are 

plated with clay to depths of 21 mat Frijoles Mesa. Some of the joints are 

filled or plated with a light-gray clay. The light-gray clay is derived from 

weathering of the tuff and is composed of minerals leached from the tuff by 

water. This clay was precipitated along the joint openings prior to the 

development of the soil zone. The joints are interconnected and master joints 

transect one or more flows. Joints are more numerous and open in ash flows of 

~· moderately welded to welded tuffs than in nonwelded tuff. 

• 

Joints that are interconnected in the moderately welded and welded units 

of tuff could provide paths for rapid movement, water was introduced directly 

into these open joints. Water would be dispersed through joint systems. 

Joints in the rroderately welded to \.;elded tuffs will transmit water de

pending upon the amol.mt of opening and the degree of interconnection between 

different joint systems. More than 15,000 m3 of drilling fluid was lost while 

drilling 300 m of Bandelier Tuff at Fr.djoles Mesa. Mbst of the loss was in the 

upper 150 m in the Tshirege Member which here consist of moderately welded to 

welded tuff in which open joints are numerous. During grouting of a casing in 

a large diameter hole at Frijoles Mesa (a 76 em dia., 15.2 m depth casing 

filled lvith water to prevent collapse) the bottom seal in the casing ruptured, 

and the water from within the casing drained into the formation within 3 hours • 

The number and orientation of joints in the hole were detennined before the 

casing was installed. A joint near the bottom was open 1 to 3 em for about 
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1. 2 m. The 6. 9_m3 of \vater JOOved into the joint and downward into the joint 

systems of the. underlying flow. Abbreviation of another large-diameter hole 

15.2 deep and located 7.6 m to the north failed to disclose and trace of the 

water. 

The experiment at Mesita del Buey indicated that water from the infiltration 

pit moved downward through a moderately welded tuff into a pumice zone \vhich 

is more porous and permeable. ~bvement in the pumiceous zone ,.,.as lateral. 

Infiltration into a moderately welded tuff underlying the pumice zone \vas from 

-near the center of the saturated area in the pumiceous lense. The moisture 

content of the top mderately welded tuff was much lower than the underlying 

pumiceous zone, which indicates that specific retention of the pumice zone is 

greater. 

Vertical infiltration through the Tshirege Member would be affected by 

zonal variations of welding as well as by horizontal contacts between flows. 

Vertical changes in hydrologic conductivity caused by contacts beu ... een 

flows tend to perch infiltrating water. In the stream channel in M:lrta11dad 

Canyon, ,.,.ater is returned to the surface from underflow in the alluvium and in 

a moderately \velded tuff at the contact with a nonwelded tuff. 

Industrial wastes discharged into· surface water in Acid Canyon move into 

the joints and tuff of the Tshirege Member, are perched on the top of the OtO\Yi 

Member, and then move laterally along the contact into a seep area at the 
• 

junction of Acid and Pueblo Canyons. 

Results of an infiltration experiment in the soil near TA-50 indicated that 

precipitation that is not removed by surface drainage infiltrates into the soil 

on the mesas of the Pajarito Plateau; however, the do,inWard movement of this 

water is impeded or stopped by the dense transition zone bebveen the soil and 

tuff and the water is returned to the atmosphere by evapotranspiration. 2 
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Appendix C 

Low Flow Investigations in 

Santa Clara, Gtiaje, Los Alamos, and 
Frijoles Canyons 

Surface \vater drainage accross the Pajari to Plateau is east\vard from the 

Sierra de los Valles to the Rio Grande, the master stream in north-central New 

Mexico (Fig. 1). The east\vard trending intermittent and peremial streams have 

cut deep canyon into the plateau. Two of the major canyons, Santa Clara and 

Frijoles, contain surface water which during a part of the year discharge into 

the Rio Grande, Guaje and Los Alamos Canyon contain peremial streams in their 

upper reaches. Only during periods of excessive precipitation (heavy snow 

melt or summer thunder showers) cause surface water in these two canyons to 

reach the Rio Grande. 

• 

\ 

The geology and hydrology of the area have been discussed in previous """"' 

sections of this report. The low flow investigations were made in 1958, 1959, 

and 1960.1' 2 While the State Engineer sunmarizes stream flow at the gaging 

station in Santa Clara Canyon for the years 1937 through 1941 and 1950. 3 The 

U. S. Geological Survey sumnarizes the stream flow at gaging stations in 

Frijoles Canyon for the years 1960 through 1967.4 The present study utalizes 

data from these investigations and reports. Low flow data has been supplemented 

by additional measurements in Santa ClAra and Guaje Canyons and by the 

collection of water samples for chemical and radiochemical analyses. 

Geologic sections were prepared along the stream channels of Santa Clara, 

Guaje, Los Alamos, and Fri)oles Canyons using existing geologic maps JOOdified 

by field investigations. Subsurface correlations were interpreted from 

outcrops and logs of near-by wells or test holes. The low-flow stations are 

shown on cross-section and results of measurements on tables of respective 

sections in the text. 



• 

:;. 

•o•• :s• 

,.. llo' 

--.. 
Figure 1. 

.. 

1()6• od 

} 

) 

\ 
' 

0 
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The purpose of the low flow studies was to relate geology and geologic 

structure to loss or gain in stream flmv in evaluating recharge or discharge to 

stream connected aquifers (aquifers in the alluvium) or the main aquifer. 

Low-flow measurements were made with a pygmy current meter except as noted. 

The report is presented in English units to correspond with initial studies. 

The conversion factors to metric are presented if conversion is desired 

Conversion of English.to Metric Units 

Multiply 

Inches (in) 

Feet (ft) 

Miles (rni) 

Square miles (sq. rni) 

Cubic feet/sec (cfs) 

Acre-feet (Ac. ft) 

I. SANTA CLARA CANYON 

-~ 

2.54 

0.3048 

1.609 

2.59 

28.32 

1233. 

To Obtain 

Centimeters (em) 

Meters (m) 

Kilometers (km) 

Square Kilometers 

Liters/sec (1/sec) 

Cubic Meters (m3) 

(km3) 

The effective drainage area (area in which base flow increases, generally 

in mot.mtain front underlain by the Tschicoma Formation) of Santa Clara Canyon 

is about 27 sq. mi. The canyon contains the largest stream flow of the three 

canyons. The stream is fed by precipitation percolating through the coalluvium 

overlying the Tschicoma Formation on the Canyon walls and emerging in the 
• 

stream charmel as surface flow. The flow starts about 1. 2 mi west of the 

initial point at an altitude of about 9,200 ft (Fig. 2). The largest flow in-

crease, in reach investigated, is between stations 3 and 8 and generally 

continues to increase to station 26 (Table 1). In this reach of the canyon the 

gradient of the stream channel is about 2.30 ft/rni and is underlain by the 

Tschicoma Formation. East of station 26 there is a steady decline in flow as 

the gradient of the channel decrease to an average of about 115 ft/rni 'vhere the 
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Puye and Tesuque Formations underlie the stream. It is evident that the 

~ alluvium begins to thicken east of station 26 thus a part of the flow is lost 

into the stream connected aquifer in the alluvium and mderlying Puye \oJhile the 

rest is lost to evapotranspiration. 

n.,o small recreational reservoirs (3 and 4) were built in the canyon by 

Santa Clara Pueblo above station 26 prior to the 1958 through 1960 seepage in

vestigations (Figure 3). n...o additional reservoirs were built between stations 

3~ 8~ and 11 prior to seepage nm made in June 1967. There was no apparent 

loss of ,.,ater from the reserv~irs into the underlying formations as indicated 

by the 1967 measurements. Water below station 34 is diverted from the stream 

for irrigation during a part of the year. A shallow well near station 31 

(48 ft deep in alluvium) is used to fill stock tanks on the plateau south of 

the canyon. 

A gaging station was operated by the U. S. Geological Survey near station 

34 for the water year (October through September) 1937, 1938, 1939, 1940 and 

1951 (New Mexico State Engineer, 1959 p. 229). The annual runoff (volume of 

water to cover entire watershed) ranged from 1.3 to 3 inches (Table 2). 

II. QJAJE CANYON 

Guaje Canyon has an effective drainage area of about 6 sq mi above the 

reservoir. Base flow in the canyon is maintained by two springs which discharge 

at an altitude of about 8,850 ft (be~een stations 4 and 6 above reservoir) 

from a zone at the base of the Bandelier Tuff. 5 A small moount of flow is 

added to the stream from coalluvium on the canyon walls above the reservoir 

(Fig. 3). Surface water losses occur eastward from the reservoir (Table 3). 

The amomt of flow is sufficient (loJith no diversion from the reservoir) to 

extend near mile 6 before being depleted to evapotranspiration and infiltration 

into the underlying alluvium and formations. The gradient of the stream channel 

underlain by the Tschicorna Formation is about 300 to 500 ft/~ decreasing to 
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Table _1. Santa Clara Canyon Low Flm'l 1\teasurements 

(cubic feet per second) 

1958 1959 1960 
Oct. Apr. June Aug Oct :May June 

14-15 -14 2 31 12-14 16-17 20-22 

3 2.0 2.2 2.7 2.6 2.2 5;4 1.9 

.8 4.0 4.0 4.9 4.1 3.4 7.1 2.0 

11 4.0 4.1 5.2 4.8 3.8 8.6 2.8 
. 

5.4 4.9 5.6 4.5 8.6 2.8 16 4.6 

23 4.5 5.4 5.2 6.1 4.3 7.9 3.7 
.. 

26 
.. 

3.9 6.0 5.3 4.9 4.2_ s.s 4.3 
. 

31 5.5 5.0 4.6 5.3 3.4 8.3 3.6. 

34 3.1 3.6 3.9 4.3 3.2 7.4 2.1-

. . ' .... 
. . ...:. ... ------ ;_- . ' -·_.·: ~ . . . . . . . . . . . . 

·. . . ·. . · :·_·-~ Tabl.e-. 2-;·· ~1--Rtmof£..~. Gaging .:Station in 

7-.; -·-

1967 
Ju::1e 

30 

--
3.6 

3.s-· 

3.4 

3.4 . 
. 3.2 

2.7 

-

· · · · _. : ·santa Clara :6m~o~ · · · - -""""-· - . .. · .. ... ·-·-:--- ·-. --~---

ANN'tJAL RUNO!'!' .• 

(Acre-feet) (Inches) . . 
'/ 

r-----------------~--------------~--------------~ 
. ·. ·.· 

1937 .·.; .. 3,368 1.8 . .. . . ... . . . · . 
.. . . . -.. 

.. . 
'-1938 3,039 .. · .. .. 

·1.7 .. . : 
·- ~. . . .. 

.... .. ; 
.. .:- ~ . .. . 

I. 

1939 . ·. 2,630 1.4 
' 

1940 2,825 1.5 

1941 5,602 3.0 

1950 2,460 1.3 

- Drainage area 34.5 sq. mi. 
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Table 3. Guaje Canyon Low Flmo~ Measurements 

(cubic fe~t per s_ec;ond) 

1958 1959 

Site Oct Apr June Sept Oct May 

No. 17 15 3 1&4 12-14 16-17 

4 0.2 0.2 0.3 0.5 0.2 0.4 

6 0.4 0.4 0.4 1.0 0.4 1.0 

-10 0.4 0.4 o.s 2.0' 0.4 1.1 

11 0.5 0.5 0~5 2.0 0.4 1.0 

13 0.4 0.6 0.4 2.7 0.5 1.5 

DamE/ 

l2 0.3 0.7 0 0 0.9 

8 0.3 0.8 0.04 0.01 0.8 

6 0.2 0.5 0.02 0 1.0 

5 0.03 .0.3 0 0 1.0 

2 o.os 0.4 0.04 0.08 1.2 

B .. 0 - 0 0 0.9 

...,. .. , 
a/ ~easurements with par~ flume - . 

1960 1967 

June May June 

2Q-22 3!,/ 9a/ 

0.3 

0.5 

0.5 

0.6 

0.5 0.34 0.31 

0 0.36 0.34 

0.04 0.29 0.26 

o •. os 0.24 0.21 

0 0.17 0.15 . 
0.1 0.21 0.18 

·o 0 0 

b/ Water diverted to Los Alamos on·a11 runs except Apr. 15, 1959 - . 
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about 210 ft/mi_where the channel underlain by the Puye to 100 ft/mi \.,rhere 

underlain by the Tesuque Formation. The alluvium is thin overlying the 

Tschicoma and thickens eastward accross the plateau. 

North-south trending faults form nvo small structural basins accross the 

canyon ben-.reen mile 3 and 6 (Fig. 3). The channels in these basins are under

lain by as much as 20 ft of alluvium and an unknown thickness of volcanic debris 

of the Puye Formation and are in the area of surface water loss by evapotrans

piration and infiltration into the underlying rocks. Return flow occurs in 

small amounts along the trace of the eastern most fault. This flow rapidly 

infiltrates into alluvium east of the fault. A test hole drilled near Station 

2 in the structural basin enco1.mtered about 17 ft of alluvium and was completed 

at a depth of about 103 f't in the Puye. Both the alluvium below the stream 

channel and underlying conglomerate appeared to be saturated. The return flow 

at the fault trace indicates a impermeable boundary formed by the Tschicoma 

Fonnation to the eastward movement of water in the alluvium and upper part of 

the Puye. 

A structural feature influencing the movement of water in the main aquifer 

is the t\.,ro structural basins formed by faulting in Guaje Canyon. The surface 

of the main aquifer rises north-westward in the Guaje well field east of the 

structural basins; however, a change in direction of movement of water indicated 

by the contours to the south of the structural basins shows that the • 
impermeable rocks of the Tschicoma Formation fonn a boundary to the eastward 

movement of water in the main aquifer (Fig. 3, main test of report). Surface 

water infiltrating into the volcanic debris of the structural basins would move 

north-south around the Tschicoma Formation. There appears to be a saturated 

thickness of volcanic debris (about 100 ft) where surface water loss to the 

alluvium and. underlying rock may be a part of direct recharge to the main 

aquifer. 
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Guaje Reservoir is contained by a small concrete dam about 25 ft along and 

• 11 ft high with a storage capacity of about 250,000 gal. It is located in a 

narrm.; part of the canyon at an altitude of about 8,020 ft. Water can be 

diverted from the reservoir through a pipe line up to the plateau to Los Alamos. 

The water was used as a part of the water supply unit 1959. Since that time 

it has been used periodically for irrigation during the summer. Discharge 

measurements of the stream above and below the dam (when no water was being 

diverted) indicated no loss from the reservoir by infiltration into the under

lying rocks. 

I I I. LOS ALAM)S CANYON 

Los Alamos Canyon has effective drainage area of about 6 sq mi above the 

reservoir. Base flow in the canyon is maintained by a spring ben.;een stations 

6 and 9 at an altitude of about 8,000 ft from fractured zone in the Tschicoma 

Formation (Fig. 4). Base flow above the reservoir is small; however, with 

snowmelt runoff the excess flow which tops the reservoir will extend across the 

plateau to near state highway 4 (Table 4). The gradient of the channel under

lain by the Tschicoma Formation is about 310 ft/mi on the flanks of the 

m:nmtains lvhile across the plateau where the channel is l.Dlderlain by the 

Bandelier tuff the gradient decreases to about 160 ft/mi (Fig. 5). The channel 

crosses the Pajarito Fault Zone near ~file 2. Near Male 7.8 there is some re

turn flow as the alluvitun thins where J. t is underlain basalt interbedded with 

the Puye Fonnation. The basalts fonn a series of falls in the charmel between 

mile 9.5 and 10.5 (Fig. 4). Near mile 10.5 there is a spring in the basalt that 

discharges about 25 gpm into the stream channel; the flow only moves about one 

quarter of a mile downstream before infiltrating into the underlying alluvium. 

Eight shallow observation wells are drilled through the alluvium into the 

tuff or bascil t ben.;een Miles 5 and 9. The stream flow \vhich during the spring 

tops the reservoir and during heavy sunrner thunder sholiing maintain some \vater 
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Table 4. Los Alamos Canyon Lo·w Flmv Measurements (cubic feet per second) 

1958 1959 1961 

Site :May 23 Oct. 30 Apr. 15 May 15 Apr. 27 
No. 

9 -- o.o o.o o.o -
6 - 0.4 0.3 0.4 --
4 - 0.1 0.4 0.4 --
2 - 0.1 0.4 0.4 --
1 - 0.1 o.s o.s -

!Dam . 
1 - - - - 3.2 ~I 

2 - - - - 3.2 

3 9.0 !/ - - - 2.9 

4 - - - - 3.1 

s 6.3 -- - - 1.2 

6 s.s - - -- 0.3 

~I Runoff over dam. 

- ..... ~ 

. . • -- -· ... -
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in the alluvium. of this stream connected aquifer. The amount of water in the 

aquifer is seasonal dependent in stream flow. As the water in the alluvium 

some is lost to evapotranspiration while the rest moves into the tuff and 

basalt. Stream flow lost into the basalt is the source of recharge for water 

discharge from the spring near mile 10.5. There is no apparent perched water 

between the stream connected aquifer in the alluvium and basalt and the main 

aquifer based on data from a test hole near mile 6.5 which penetrates about 60 

ft into the top of the main aquifer. 

Los Alamos Reservoir is contained by an earth filled dam that has a storage 

capacity of about 13 million gal. Water is diverted through a pipe line to 

Los Alamos. The water was used as a part of the wa:ter supply tmtil 1959. 

IV. FRIJOLES CANYON 

Frijoles Canyon has an effective drainage area of about 9 sq mi on the 

flanks of the rountains west of the Pajarito Fault Zone (Fig. 5). The canyon 

differs, however, as it is cut into the Bandelier Tuff on the flanks of the 

mmmtains. The slope of the channel west of the fault zone is about 380 ft/mi 

while to the west it decreases to about 150 ft/mi on the western two thirds of 

the plateau where the channel is Wlderlain by tuff. In the eastern third the 

slope of the channel increase to about' 390 ft/rni where it is underlain by 

basalt interbedded with the Puye Fonnation. The basalt fonns two falls which have 

retarded the down cutting of the canyop to the west. 

The base flow in the canyon is maintained by springs emerging from densely 

welded tuff from an altitude of about 8,430 ft in both the north and west fork 

of the canyon. The flow increases eastward from seepage from the coa1luvium 

on the canyon walls (Table S). The increase is to the fault zone, which may 

be attributed to \'later moving down along the brecciated zone from higher 

elevations or to thinning of the tuff and alluvium near the fault. The 

surface water losses across the plateau appear to be mainly from evapotranspiration. 
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The alluvium in_the canyon appears to be thin as there is no increase in flow 

bebveen stations 26 and 30 where channel is cut on basalt and conglomerate. 

The tuff underlying the channel west of the fault zone and lvestern part of the 

plateau is probably small as the permeability of the tuff is low, 

A gaging station was operated near the Pajarito fault zone during water 

years 1960, 1961, and 1962 (Table 6). The station was moved during the latter 

part of 1962 to near station 22 in the lower reach of the canyon. Records were 

obtained for the water year 1964 through 1969. The annaul nmoff for the upper 

gaging station ranged from 2.5 to 2.8 in and from 0.6 to 1.3 in at the lower 

station for the years of record, 

V. CHEMICAL AND RADIC>QID.fiCAL QUALITY OF WATER 

Water samples were collected during the lmv-flow investigations 1958 and 

1960, They were analyzed for bicarbonate, sodium, and chloride ions as well as 

conductance to detennine if changes in quality of the surface flow could be 

correlated with increase gain or loss of flow in the stream.6' 7 The results 

of these analyses indicated no particular trends to increased gain or loss with 

flow as gain or loss were small. The results did show a general increase in 

these ions and specific conductance down gradient in the stream as ions were 

adsorbed by the water from the channel ·material. 

Chemical and radiochemical analyses of surface water from the stream in the 

four canyons are shown on Table 7. The low concentration of ions and total • 
dissolved solids are as one would expect of high mountain streams. The quality 

of water from a stream connected aquifer in the alluvium in Guaje Canyon is quite 

simialr to the quality of surface water in the canyon. 

The radiochemical quality of the water shows only traces of natural occuring 

activity, Results of analyses 238Pu and 239Pu in the four smaples were below 

limits of detection of 0.05 pCi/1. 
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Table 5. Frijoles Canyon Lo\oJ FlmoJ Neasurements (cubic feet 

per second) 

1958 1959 1S60 

Site Oct. Apr. Apr. June Sept. Oct. r.Iay June 

No. 20 16 29 2 &:: 3 2 & 3 12 -14 16-17 2Q-22 

10 -- -- 0.9 0.5 0.3 0.1 0.9 

16 -- - 1.4 o.9 0.6 0.6 1.4 

25 -- -- 2.1 1-5 1.2 1.2 1.6 

2 1.9 2.7 -- 1.6 - 1.4 2.1 

9 1-2 2.6 -- 1.5 1.2 1.0 1.5 

15 1.5 2.4 -- 1-1 1.2 . 1.1 -
21 1-2 2.2 - 1.3 1.2 1o.O 1.7 

22 1.3 2.6 - 1.1 1-1 1.0 1.5 

26 1.2 1.6 - 1.1 1.2 0.8 1.4 

30 - - -- -- 0.7 0.5 1.2 

~ . . 
Table 6·. Annual Rtmoff at Gaging ·station in Frijoles Canyon 

- -. ·-·-·· ···-····· --- .... ---- .. ··-·· ·-··· 

l'later Year Annual Runoff 

- Acre Feet Inches 

1960 '1,332 2.8 

1961 1,180 2.5 

1962 • 1,240 2.6 

1963 .-
1964 580 0.6 

1965 830 o.a 

1966 735 0.8 
. 

1967 673 0.7 
I 't ~'-1' I 2.C;O 1,3 
I erl-11 1040 "/_.L 

Gaging station moved in 1963; drainage area 1S60 - 1S62, 
8.9 sq. mi.; 1964- 196f, 17.5 sq. mi. 
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Table 7. Chemical and Radiochemical Quality of surface and grotmd water in alluvium. 

Santa Clara 
Station 16 

!Date Collected 4-25-69 

~emica1 
Calcium · 6 

,...-~ Magnesium .5 
·p-4 Sodium 10 · g Carbonate · 0 

Bicarbonate 22 
~Chloride 1 

Fluoride o.o t Nitrate · 0.1 
1 ...-~Dissolved Solids 82 
!~Total Hardness 

16 ; as caco3 
Conductance in 

Micromhos at 25•c 54. 
pB .. 7.3 

Radiochemical 
Gross Alpha 1/ o.oo±0.76 
Gross Beta 17 3.1 ±1.9 
Uranium (Natural) 2/ 0.2 ± 0.4 -
1/ Picocuries per liter 
!I Micrograms per liter 

.. 

Guaje 
Station 13 

4-24-69 

6 
3.0 
9 
0 

38 
1 
o.o 
0.1 

120 

26. 

75 
7.8 

o.oo±o.s8 
2.4 ±1.2. 
0.5 ±0.4 

• 

, 

-?RQ-

Los Alamos Frijoles 1Guaj e Canyot~: 
Station 1 Station 25 lnear Station'2 

(AlluviWl) 

4-23-69 5-13-69 4-15-70 

6 6 12 
2.0 3.0 5 . 
6 13 7 
0 0 0 

26 34 36 
2 1 0 
o.o 0.2 0.4 
0.1 0.1 . 0.2 

86 111 111 

21 28 50 . 

56 80 80 
7.3 7.4 7.7 

-
0.35±0.89 o. 0()±0.87 O.o±l.2 .. 
2.2 ±1.3 3.9 ::!:1.3 2.4±1.3 
0.6 ±0.4 0.8 ±0.4 0.0±0.4 . 



• 
VI. S~MARY 

Precipitation on the slopes of the mountains is the source of surface flow 

found in canyons cut into the Pajarito Plateau. The major loss of stream flm" 

on the plateau is due to evapotranspiration; however, eastward across the 

plateau surface flm" recharges stream connected aquifers in the alluvium. The 

amount of water in the allwium is seasonal dependent on stream flow. As the 

water in the allwium moves downgradient some infiltrates into the underlying 

rocks and some is lost to evapotranspiration. An aquifer perched in basalts in 

Los Alamos Canyon is recharged in part from water in the alluvium. 

The main aquifer and stream cormected aquifers are separated by a thickness 

of tmSaturated rocks. The slope on the surface of the main aquifer indicates 

recharge area is on the flanks of the mountains, brecciated zone along major faults 

that along the western edge of the plateau, and deep canyons cut into the flanks 

of the mountains and western part of the plateau. The structural basin in 

Guaj e Canyon may be a part of the recharge area to the main aquifer • 

• 
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Chemical Analyses of Surface and Near Surface Ground··\1/~,tter in •th¢ Drainage Areas 1967 through 1972 
. . I . . 

____________ __, ........... ______ -·-·--------·-· ... : ------· ........ : .. ·· .. ' .... :..._ ...... ~-..:.. -~- ·_:· ... :~ .. -.: .... : ... . t. ........... - ................... _ft:~.- I (;)/ 18 . 
.. - .. . . . ... : .. ..._ ... - . . I 

I - Chemical Con:;titucnt~ -.. 
·. Hi.llir..ral'11::; ~t' JJ.tc'l" 

. Date or Cal- lbcno- So- car:.. Bicar- Chlo- Fluo- lli- Dis- Total Spcci!ic 
Source Collection ciwn siWil diU11l bon- bone. to riel!! rido trate solvod hard- conductance pH 

DRAINAGE AREA 4 (Cn) (Me).- . (Na) ntc· '(HGO)) (Cl) . (F) (1103) solids ness (rnicromhos 
(ACID-PUEBW CANYON) ., (co3) \ at 25°C) .. ..... .... - "· •.. 

·---·~-

l~cid Weir '1-17·70 ~-6 /I. . II? c) ... {,o .. 3/0' . • J/ /..1 6~9 .:lC't.J .:Jfo ·7._[ .. 
/1- /7· 7t.) 2.3 o·. 50 0 .:2_0 .3 j,J ;Jf/J/ .Sip¥! /:6 /.2S ,, 
it? -14-71 16. :1 ij/ 0 /f)'/ .? 7.1 ..5:..2 5,3 .2,1! ?t .1/6 

' •• 61" " '1-S-72 .29 6 7.:1. C1 ~t I /.II /.II .I/; g- .37£.1 9&' ifft'J 7.1/ 

.... ... \,... 
, 

/0-11- 72 19 1/ lt'O ;O /bt.] .7 .S:3 .3/0 7.1 3:2. .2.1/t) t:'l 
Pu,blo 1 _1/_ -_//,-2t.J -

:~o lj" 7g -o '!6 1/0 3.8 .5.1,8 3'10 7o #CO l.V 

'· 
" /J-19-70 /9 s· ~9 0 .. l.'l ._.?9 s. J?., 1/t)/ 70 1/cV 7.v .. 

lt'-1/-71 /6. 7 
.. 

g-2 0 96· .:lf( 6.0 1176 ·&r 17.0 S(,.g_ 4/CO 
" 1/-5- 72 Jll 1' 7:) 0 6S'' PE' .5.91/ 51.3 '1'16 ·~ 1/t/() 'll . ., 

10-/1- Y.l It · 2. . .. 
~) 0 . l"o6 .11 ,2_ S'l.h 3t6 1f 1110 7J . , --P11eblo 2 Jj -16- 7C' /6 7 7f{ 0 6'1 .$'.) 3.6 J?..f .}i? 70 '110 7,?i 

" !}- Jtj. 70 Pi t; KY 0 ~'I 3/ s S'J.t. 1./J'{. t? 4CO 7..2 ,, 
.IO··j..')-71 II s 72 0 '){. .% '/.{.~ :)-'/,{~ 330 S6 xo 7..3 - -,, 
'/-S-72 . ~~ 6 75 0 '}:1. IJ'I S.1.1 1./),') .1 78' ·6g £1.2() 7.8' ... ,, 

I? 1/ 71 10&' 3'1 .7 .){..8 J'lt :370 1.6 /0-11~ 7.1. 0 .52 

I .. 

··-
PucJ..ILJ 3 J/-1~-70 :;o . s . R-~· (·J go ::J.O J/ ..57.1 376 7v :;Jg"{ 6g .. . 11-/9· 70 I~ . 7. JL 0 ).)0 .:JJ .s· Jt1.'/ J/7 ~r 1cV 1.1 

" J&·/11-71 /3 7· 71 -0 ?6 26 i,g t.s:6 1/16 60 Jr.:) 6? 
" _1__-..ri- 7~ !6 . " . 75 0 f6 -.31 5S7 t//.1 .3?;1 S{, 1/.:J(,) 7.3 

.:~ ,, 
10-/1-7.2 Iff .'J 7~ 0 /56 .1/J/ f,/ 1&. 3/( .5(:~ 1/(,:} . /..1 

1/o,.. Ben/ SJYs. Jj-17·7(.,., II: /0 78 0 132 J() 2,6 4,1/ ~/.:J 8£.-1 .J It? 7.f 
·"'-

If 

1/·l'l· 70 17 1/: 70 0 /I» Jf.J ~'!__' :12..iJ .)'II 57 .57c.'1 J.l 
" /1-~·7:1 It 7 67 0 J.Jc) 3& .2-:i'J /~./ 37&? 6g 3f0 'J,J , 

j() -I/· 'l:J 19 :.5 7/ 0 /10 !1.2 ,g' 1}1, l( :J70 ~~ 3~!2. ?.t --
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Source 
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(ACID-PUEBLO CANYON) 

1 /)c;'d Weir 
" 
,, 

'\,..... ...... ,. 
,. 

Putb/o 1 .. 
II 

.. 

.. 
P11eblo 2 .. 

,, 
I .. , 
··- ··- ,, 

Pvd/o 3 

.. 
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.. 
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/0·11-72 
/Ia,.. Renf Sprs. Jj-17· Jt..'l 

II /1·19- 70 
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. ... . . . .. : ·• 

·. 
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(Ct1) . (Me) : .(Na) 

. ·• - . . 
S6 /1' .. 117 
23 0. .so 
16. ..2 11 
.<9 6 7.1 
1'/ 1/ /C'(.J 

:~o 5 _2L 
/9 . s· ~1 

It · 7' ~2 

PI . 1 7.-f" 
16 .2 . .. 

2L 
/6 7. 7f( 

IS 6 KY 
II s 7.2 

. 16 6 75 

11 Jl 71 
;)0 S· g.1' 

Iff . 7. 9-'1 
/3 7• 71 
16 'I 75 
,g :3 7( 

16 /() 78 
17 1/: 70 

16 '1 6? 
19 s· 71 

. . . ....... • ·I 
Chemical Constituent.!! 

Hi.l.liL_l'af\1~ ~t Jitc't' 
car:.. Bicar- Chlo- Fl'.lo- lli- Dis- Total Spcci!ie 
bon- bon~tc rid a 1·ido trate solvod tklrd- conductance 
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0 ... 6o· 3/0 . • 1/ /...1 629 :<C't.J .:JC'o 
0 /:is ;;o 3 j,J ;1.1/1/ ..St !2'1( 
0 /!}If ..52 .? ~~,3 .2./J 1'! :21& 
0 ~g /14 /.II .II; f' .Jit.) 9&' iff{J 
;O /60 3:.!. 

..., 
r/ $.3 .:lfO ?-L/ ,}/0 

·o /6 1/o .:J.K 5.1,9 3if0 Jo Jft'o 
0 . '1¥. "39 s. J?.6 i/t)/ 70 'lt.V 
0 96. .1f( 6.0 5th«". '176 ·Gr ~00 

0 6~ PE' .5. 91/ S/.!3 'lr6 '1:2 1/t/{J 
D . c"'-6 ,)_1__ ,z -51/.h .3t6 ff J/:)0 . , -~ -0 /,1/ .5'.J 3.6 J?..f ,1/? 70 1/10 

·o 91 .. ?J s 5'3.~ 1ft{. t3 1/00 
0 9t .% J/,6 :)1/,6 310 S6 .)(.0 
0 '1.:1.. 1/1_ .S.J/.1 L/),l) 378' ·&g i./2c) 

0 /t:/'l 3J_ ·~ .1{.,8 31/{:. S2 :370 • I 

0 go :10 Jj S/.:J 376 ·tv .1. fi 
0 /~{) .:JJ .5" 7C1.'/ :377 ~"'(r -s'c~J 

·0 ?6 ;](.. 1.(( 6-5.~ l/16 60 Jr.:) 
0 f6 31 ,.. -7 ,.:,., 1/.l .39,2 S6 1/.:J(,) -
D ;..-/ :.:>v #I/ /,J 1&. 3/( S'c.~ 1/(,:J 

0 132 jc) ;],(._. J/,1/ k/:1 go .Jf<-1 
0 ltv l/.J ''I' :12..0 .Ji/1 57 37c..? 
0 l:lv 3K . ,2,:)-f) /(./ J7t? &g :Jf'{) 

0 l:lu !12 ,go V.9. 'I :J70 ~~ 3~tJ 

-·J • 

I 
I -
I 
I 

pH] 
i 

_l 

I.E'' 
7.6 
7.1 
7.1/ 
71 
l.Vi 
7. 1' &j 

17.01 
17.1: -7J I 
7.9' 
7..2 

1.3 
7.8' 
,'!{. 

6~ 

1.1 
(/i 

J'~ 
J,JJ 
.z~l --J.li 

J,J 
?.t 

.J 
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Source 
DRAINAGE AREA 4 

. (ACID-PUEDLO CANYON) 

Acid We/r , 

" 
·'-.. ...- ,. 

, 

Put:blo 1 ,. 

,, 
H 

.. 

PtJe.blo 2 , 
,, 

• " 
~ •.__ ··- ,, 

Pllt'hlo 3 , 

" 
, 
, 

1/o,.. 8enl Snr.s. 
n 

,, 
, 

. . -· .. 
.. 

. D<ltO or Cal-
Collection cium 

(Cn) · .. .. 

'1·17-70 5'6 
II- /7·7() 2..1 
/tJ·-14-71 16 . 
1/-..5-72 .29 
ICY-/I- 7:1 19 
1/-16- 7t.) :lo 
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1/-5· 71 1'1 
/0-11-7.1 16 
Jj ·16- 7tJ 16 

1/- /9-70 t) 

·/0-J..-)· 71 11 
'/-S-72. . ,, 
10-!1- 7). I 'I 
1/-16-70 :20 

. 11-19·7() ,g 
/IJ .p/-71 /3 

1-S- ?i 16 
10-1/-72 ,g 
.1/-17· 7c...., t6. 
11-19- 70 17 
1/-5-'J). /6 
J()-/1- 7~ 19 

-
o • I •• : ·• 

Ma~c- So- Car-
sium dium bon-
(Mg) : .(Na) ate· 

{co3) . . 
;I· .. 117 c) 

o·. .so 0 

:2 'II 0 

b 7.1 (? 

i/ !IJO ;Q 

5 ?f? ·o 
s· ~y 0 
7 .. 

~2 0 
'/': J,-r 0 
1.. ,. 

7~) 0 

7 75' 0 
6 g.y ·o 
s 7.2 0 

6 75 0 

II 71 0 
. s . ~n· (J 

. 7. <JJ/ 0. 

7· 71 ·0 

. " . 7.5 0 

.'3 7g 0 
/() 78 0 
1/: 70 0 
1 67 0 

s 71 0 
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Source · Collection Ci\111\ siUJil diUJil bon- bonate ride rid a trato sol•rod hard- conduct<!.neo pH 
(Cn) . (Mg) .' .(Na) ntc· (liCO))" (Cl) . (F) (1103) solids ness (micror.lhos .. 

(CO;) . at 2S°C) . . - .... -· .. .. . .. 
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P0-36 i/-17· 70 ~~ 1'/' . )9 (} ... 'bl/ . .J<:j '1.0 J, g :171 /:l.o :lf!J ').d 

" J'/ -/i-19-70 ;r , .. 0 . ~, 3:i. r.g 30.~ . 3,;/ /vc:> .2t0 7.1 _C:I ., 
Jt,''-1#· 71 :J.) ·. r. .2~ 0 1/tJ .3.1/ ·If,(.) 15-0 .Z5~ f.f ~'/() (..J 

···"' . ,. 
1-5-7.2 .30 g· J.t 0 7.2 31 J,?, /.J.j ~~gs· /('6 ::2. g-y 73 

... 
"\ ..... 

" I0-/1-7..7.- 3:2 II 2] .o /cJO ,){] 2.2. ,lf .21/.1 /.:1'/ .270 '/.I 
PO- if!} J/-16 -70 :J.O 10 ~ 0 76 j.$" 3 il'l ., "'1 9o :.JJO 6.1f .:>.1 

" .tf-S-7..1. 30 I . 6l 0 -~;f. 1/( 3., 33 • .2 36C:, kO .1/()0 7.3 ,, 
/0-/l-/2 /.3 • 1/' .18' 0 06 3.2. . 8 23.8 J;J!I ·1/K .V.tJ . I~ 1 . 

P0-118 .l/-17-70 J:J.. /0 (,{, 0 /lb. .1t.? 1~0 ..5.7 .299 '70 3(,V /;o - -
'k~i tt't? II Tto-tn !J-1'-l•'.l J/. 7 .!l.L {J L34- 3_7. /,-, j, "':!,.'~. 7~¥ /JC' _/-..,.Ll ll2 

II {; -I c-t. 9' 22 tz. ~I C) 114- zq ':l.O .J.:l.:!L 14 '7 /C'4 St'o 17.4 
I I ) ·1. ?·(-. (1 '1. L'' II . 7..., C> 1~ 7.. 27 1.!:, /.'l 31{' --l 94 '?,4() '-~ 
I 1 l· · I - 7 I 17 7 4 '?. 0 q{J 4-.'r ,, Y: I Z~~ 21-z. q{. ~<?£' 17 . ., 

l .. 
ft q -1-2 I • J_C'f q ]_~- 6'- /24- 3o. ""l..~ 57..l.. "3/tf- '}o~· 4-20 -~ 

1~A.,.A II- 5'-'"'" fl I).-- t. .. ,,_7_ ~L. 14- "12' 0 ~I: Is- •o.1.·~ /3,:t J!>O 7.. IO 7"1.) 71/. ··-
, ,, 5" c. . -I-t; so 3"'2. Jo--· 7.4~ 0. J3b ltl- l· Jl.q /[.t?. /2(> /j-(1 '?J 

. l . · .s-rz. -(-9 7.) . 7. 7...4- () 72. 15 .5 8.~ 7./"z. q~ ""2 4to ~..J ,, ~ -1(-l·_'t l'J q. 2_4- ·C' ~4- II/- 13 /0.6 2()) J~f. 7.. 4S" 17·9. 
/I '3-7-7/ >o .LL_ It) C' 92 . ro ·3 /7..3 214- /2CI '2 4-o ·1.s ... 

~---
I( c;:-3( -71 '1.7 IJ I,') 0· · BR 12 . ,, 1/.'i :ZJ.r I '2. 6 /.. 5£1 7.'3 
tc "'l - (7- 7 '7.. ~0 9 "J.I (.? 8'1- J 4~ ,l I Z.,[L 1.3 8' liZ '220 7.~ 

t( (-)t'-71..- 3o ID . '7 6 88 llf- . I 7 '1, 7 I S6 II t. 2.4~ 7./ . 

•' 
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' Chemical Con:;tituentn . _ 
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Date or Cal- l-lacno- So- car:.. Biea.r- Chlo- Fluo- lli- Dis- Totnl SpccUie 

. Source Collection citu:t siuJil diur11 bon- bonate ride rido trnto nolvod hnrd- conductance pH 
DRAINAGE JIREA S (Ca) (tlg) .. (Na) <ltC "(llCO)) (Cl) · (F) (~10)) solids noss (micror.\hOS 
{DP CANYON) ·• .. • (CO)) •.• •. .. ,_ ... at 2soc) 

l .. --

DPS-1 /.2-.5 ... 67 I:J. 10 . 10.) !/0 ·-J.iJo /f(j 'I 13~.q 8!F9 70 ;ogo ICc. 
,, I/·S0·6l .10 ll. · 2tv .:}t)c.7 $"tO :J.~~; 1.2.6 ?f/.1 3.1JO 1.20 1/1/UO !J;J' 
'' P -19-68 .20. 10 68V' .:JiXJ 670 :.2f...~ · /<t _2<£1'._ I 698 20 23o0 '0.1 

_.,. · , /C'-4-6'1 1r .f/ 1/,_~J 12 __,)(..() /55 37 !36-.~ 10,21 ~ ~~oo rn 
" .5- .. :f -69 //. .2 5t:tJ nO 610 /so .12 .30.8 /.Z6f 50 L6#0 2@f 

·' •. '-

'' (-s-t;<J ..zg o ...7,-sv .:q;o .Jio 3:;- /1.7.. 7v . .Y q3.2 7t) l?t;a Pdl 
" 6 -:11/-7o ~ 1 ~5tJ 9o ·. J~u /6:> 10 3-5.2. 9t2 ..:X? 1;;-ro 4?Zf 
'' ·r-J.Y-7o ·p;. s -~7J 60 :-JA) 110 .,- 1.2.1.1. go& · .. ~- /2co . If~ 
,, 1-.;Jf -70 /1 ~ 1//tJ so 2}0 (:5 3 ~- i 1/1/2. . /{5" 6.2~" j/,f. 
•· 11-11_- Jt,' ~o 1 · · :~?s ~ ... ·r J.lt-' :J:Jc) 6 155.~ !1?.4 -~~ Ot'o tsr 
" /:J -l-7tJ .).t/ ~ :1 .. 5v .)i) .:12tJ Plr:J [-, . ll6.C f'69' 20 /I 5'J .7.J 
" ~-0, 71 ;(.l ..5 JCV .2-ff.J 39/. /2:5- 9.3 1.'13.2..V;/.2.2. ;""t. /.S.~O :f/,1 

.. " _.,-. 7-71 19 S_ .275 6£ .5.~8 90 .2.0 ,;,t /~9'6 h.~ 13..<0 !?,) 
" ~ -/6- /1 . ~ . 3 19-;; 7.J. .35~~ .5,~ //.2 /. [s- 6-fg . ;(f . 8'-10 ll~ 

··- · " 11- I- 71 .:21/ .5'__ 167 o .196 , .3~ 3." f-2, 9 t:..ot, ~) ?t:o J.l 
• 2 -17- J.< 3 t 6 · · 2'10 0 1/6"'1 I 7<6 3.s· /3 7.3 1.2 'l-1 /.)O ///.)V J.[ 

~- .. _ 
" · 7-:JI-7.2 ?:1.. · 6 · Jl/1/ (} 300 'b .J,..s· 6S:C 6 b""2 ;.;8 &'.r'O 7/i 
• 11-:J. -7.2 1K /1. · .:lJ:r · o 31.1 1~6 /, 6 t6.c.'' <if?v! IH /ttJc.J 7.7 

OPS_-2 11-.5-~7 /6 l~- .2.90 u ~1/cJ -75 g /_1/tJ.?. 669 90 9ti0 __ $d 
'' 1/·30-(,g 2o · ... r; 2'-iV .3$ .:158 80 ~g· !SKq_ 7?8 lo lt't.O f.:J 

~ 

" 6·/9-tS ~0 1:1 .2SO 0 .11c) Sf? lu ~~0 7/1( /(}0 9CO t:_f_ 
" s-s-c,·9 · //, 2. : :Jlr.J /W 1//cJ ~.,- 13 39.t Y/6 .!1} j,VcJ 9.6 
" f/-S-67 lb /tJ lfJ5 7o ;;.;;.u /10 ll . /J • .2 .1/56 ~ 6,<0 ?.2 
'' 2 -/6-?:12_ . ~"-- _ _1q_-___ /115" .,2.o 3.50 60 17 11!.1 1r/CJ 1/tJ f'~t? f,o 

--
-300-
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_I Chern:tcal Constituen·l:.n 
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I Date or Cal- lla8110- so .. car:. Dicar- Chlo- Fl'\lo- lli- Dis- Totnl Spcci!ic 
. Source Collection Ci\Uil siUJil diUfll bon- bonate ride rido tratc solvod hard- conductance pHi 

(Ca) . (Mg) : I (Na) ate· '(}ICO )' (Cl) (F) . (N03) sci lids ness (rnicror.thos I ... (co3) . 3 at 25°C) . - -. . -·· _. - ... . .. 

• 
.. -----. 

DPS-2 ~-Ji~?v :2:1. '2' .. .J)c.? ... ?'cJ "'320" ,yo· ·lj .1/g'l 7.:)o bS /000 1,1 
" /·:l0-71. 3C:) 4t . . '-S 0 i.i g ... .AI 3.5.2. 61.2 c;.} l 'J. ··o f.l {...j 

/A. - -' 

.DPS-3 1.2-5-67 1.6. 7· 3it:J 0 .]_tV 3-•) . /_(} /1.7.(. 7'?9 7o U6o ~g 
·/ . 4 

'I-J(>·6-~ .2f. 0 :l!_f) ./tt.-1 .J..'}.2 f.:> t3S 198.0 8?t.J tt-o 9.3 IJCO 
'-

" 6 -19-t'?.. _ij_O .1.2 .JL.:o :a 360 80 /)' 9(?.~ 1'/..:2 /?tJ /lf{O [f ,, 
5 -... 5-- 69 '6 

,.... 
.1/.:10 /t'O .1190 /tl5'" /& 5"7,2.. 511 c.·o 13/)0 ~t '- , ...j ,, 

g-.s·-tY 1.2 . _iO' h-~-> 0 :2~ci .IJ..- {, '1.11 .J[~' /t} Si_~O 8..1 _..,. 
,, 

. .1 -/6 ·Jt.."> ~·'I· }~· / ... ?0 ..50 j';"[j 6i" /.2 9t,8 ~dt) •//0 /t-"'tXJ . · j/(3 , 
'? -1¢:70 If J' .2:")'1'> 6:? ·31o· /;/0 8 t&J> :.-16!! . .50 /vov ?.3 ...... ._, 

DPS-1/ 11. -s -67 36 ;o: .. .:l/0 .0 .2f_O - ~,s· g 2'1.1: sz.s:: /30 7SO g .. l 
. " .t/- .29- (,9. 3.2. '/0 . .2/0 c? ~Jg 1/.S _t .. ,- _l(),J/· 65_K /.2() 9%0 !I ,, 

9' .• .J0-65 .25··· g· jtjJ} ·o ~:-·) S..-1 .1. B. 4.5.Z? .SS{.. tj,:j 7.:JcJ 13./ :'}(., ., 
. 5 ·5 -(.1_ .24 2·. ?..3(L 0 ,270 8't..., 1.. . 1/1.1 276 70 lt;O [2 

" 8 ~ "1·61 '10. /0 165' t.) ..150 PO 9. .2:l_;t} 50.'1 -tfc," . .. ){.0 l-9 . ,) 

.... , ,, 
2-lv- 70 28 /~ tj.t/ .<o· .200 1/0 S· "'1& ¥_8'2 /.)0 5.~0 9.0 JL 

• _6 - .2.1/-70 ;cJ . . 2 .. /0:1 0 .2.Jt? 4.:) i /1.6 "'g.2 ~0 SJ/0 ~.2 

.. ·-
, . tg~/t/-70 2'/ '2 . Je,V ,2t) :J&v IJO 7 g,.~ 41? 7t) too IS'.'l 
., . 11-17 .. 70 j_3. 7·.·. ltJS ·0 ;1:-l .... f' ... :r..,- IJ 13.1 #J'I/ &'.:J- .5/iJ xo , 

.2-12-71 2.1. '/!·' /JS 0 ~tJ:.) ~.,· ._r,y_ :J7.t· {.;.i /£}(.) . 6aJ. !2: 
" S-7- -71 .24 ¢' 1/2'' o: 12Jt..1 '?t"' .5, 6 111.0 su; 76 g.:'O 1~.2 ,, 

<6-16- 71 .17 4 /.13 0 .lSi; 1/i) 1/,8 .2.:.?,1/ ·S!o et 680 r.L , 
Jl- J/-71 . /9 2..: 91/' 0 Jff8 JO 3./ 1./. ' 1./Jf_ ~~ 1/KO IZ.£ 

II .2-/6-7.2 !17 .2 . . Ji..J 0 ./g'j}_. ·gg 1/,.J . '1!.3 s(;r 7t. 68u ~ , 7 ~· 3/ -2-!- -~L __ ·t·· 1~8 0 :J.I/0 .~6 ~7 19.1 1K6 7t 600 t.Y 
-~----./ ~; el 
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Spce.U:ic I . Ch~mical Conntituent~ 

- ·. lti.llirr ·~s -ret JJ. tor 
Date o£ Cal- }laf!JlC• So- car;. Bicar- Chlo- Fluo .. lJi- Dis- Total 

Source Collection Ci\UI\ si\1Ja diUJll bon- bonate ride rido trato solvod hard- conduct~nce p!t 
DRAINAGE /lREA 5 (Ca) 0 (ll ) . , (Na) <lt.e. (llOO )' (Cl) (F) (No3) solids (microllhos (LOS ALilHOS CANYON ~ . 

0 3 ness 
•• 0 (co3) at 2S0c) · .. 

0 • - -

0 • ~ .. -· - ... -·· 

···---·· 

L./J. R tJ~ rvoir IJ-7·67' '.20 ·o· .. 8 C) ·-41. 3•.· . ·.2 J.S 79 50 66 J..J ,, 
4 -.23-b1 (:, 2'. '6 0 ·.:;6 .2.' .o ,I/ f?{, ;2/ .. 56 Q , .s·- 7- 71 /0. r. 7 0 ·.I/ 1/ o· .If J/0 60 70 . 0. 7.1 

•/ 0 
., s·-s-- 7.2 g 6· 7 0 14 2 0 ,'If Gf /f4 70 '/• 7.0 

' 
''-

S. W. ,,f LllO-/ S·5-&7 II/ :2. 3& 0 60 .1~ o· ,f 17•7 1/3 ..1Cf1 ;:.s 
IJ f{-/J-69 16 /f' 79 o· '?6 ., .. .s :1.2 .2.5/ ....5~ :J.KO llf ..,..c:: 

S. W. of L/10-1/.5 /)-,r)-6 7 ..28' /0' 10 0 'ill! . 3.'/ .3 /3.1 .260 ItO 292 7.6 

LAcJ- c 'II- 2...:>-2o /6. 7'' .:2S 0 72 .· ;).J I i/.'1 /66 6&' /(,0 ll,Sf 
II cz ... /(-, -71 .).2 6' 37 0 f "!. . 1/5 .I .i/ J.'/~ :Y_O :300 J..z[ , 

1/-S-71 ).'/ ;o: .. 1/u 0 . {,O #G ,2. .9. 2:5.2 • jt}(} .:z.so Ef - t'l f/1 
.,, 

.J -17-7~ iJ ·7 0 to 0 ,03 ,7 :122 16 .33"0 7,~ 
II 

5·"5- 7.2. IS · 7: 3/ ·o h·g 56 0. ,J/ 0 18t~ 72 300 ,., I ,, 
, 

0 7 .. Ji-72 i'l . 5·· 50 O· /O{J .lf2 • .:> 0 ,;; ~'2.G {.g .28~ 7.'1 -, 
11-..2- 7.2 '30 ° /0 PL. 0 '61/ /t)6 ·'3 .lJ. 3._2g li6 . ·1-"10 7.2 

... 
1.2- .:5'· 67 ,)8 )). /:1.5 0 94 35' .7 b.~ .3.5'2_ j)V J.f(,1(J 1./ L f/0 -I 

II 
1/-.2'1-t:t ;J/f 0 0 .s .. ·_ /17..' 0, /1!/ 60 .5J 3.9 ;/.2(.} !o i/J/c) 1..11 

.. . 
0 ....... 

• . 6 -19-68 /f .. o· 70 0 l~ /II ..10 /.J 258 j(, 2[..g 7.7 
, 

t_0-1-t'? //. ·_3-.·· 6S .(} lie,' :<'I. -/5 .9 :161 1/6' 30C' 7.2 
II 5·.5 -69 .2.2 ···.s· 79 ·o 10 -61/ 0 ./ 1.-ro :JviJ 71/ Jj()c} /,1 

~--
II g.,.,-..69 /& s ~b 0: 0 $10 :29 .s .1,2 :lSI 61_ 3ft.) 7,3 
II .;l-/6-/£.~ . )~ /.2 SJ. 0 /CO :JQ 0 !J.l 0 31/J/ /.){) 3JO r._L 
" 6-J'/-/tJ /6 s.: '12 . 0 76 .13 ·. 7 .9 ~5.5- _60 .280 7.5 
II (-/3-'70 -:11/ . ·. 7 6'1 0 /00 1.5 ~g 0 .:1.6 3.5"& 90 J/00 7.8 
,, 

11-17-70 JO /;l.· 5.1. 0 86 ° PI· .2. '/..If 7/1 /()0 :J;<O 7.6 -• -~n· .(; 
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CheJ'II.'i.cal Con:;tituenl.~ . ·. . . Jti.lltgrru'lts ~t Uter - ---
Dato ot . · Cal .. llacno- So- car:. Bic<ll'- Chlo- Fluo- Hi- Dis- Tot:1l Spcci.ric . Source Collection ci\ull siUJil diUfll bon- bonate ride rido tratc solved hard- conductance p.t{ (ca>· . (Mg) : , (Na) nte· '(llCO )' (Cl) (F) . (No3) sci lids ness (micror.lhos . . ... (co3) . 3 

at 25°c) 
. .. -. . .... - - ... . ... ! 

LAO-: I .,2-12-71 3S /.2 . .. ti/ 0 ·-if) .. :1..5". t_l/ 7.9 1/CI/ /.Jj_ .i/10 7.3 
II 

5- 7· 71' ... '15 II . . 7t) 0 -92. ..., .... ri/ 1/18 1.12 5!.10 J.O --~ 7,0 .. ,, -f{ -/(. ~ 71 ~9. 7. ilt.J {) ;og 33 . .. 'l 6.t J/JcJ _L(J() 5CX.J 7.11 . ·/ . ,, 
11- s·- 7L ~'I q. s.,;: 0 /~ ~-2 ,J 6'.2 40'/ 96 iJ;ttJ /.6 

" .2 -17-71 ~_L j_ 'fl. Q f.-l 6t} ,I/_· ,,/ JS6 f'l 4.:Jt/ l.S ,) 
It 

S·.5-2d, .1./ .z_· t-S ··e,'J ,q 3.1 J39 ~C) 'f(,c? 7./f o· i'tJ 
II 

7 -.. 1/-7.2 3:'i II. 9.2· 0 iii ,Jl~: ·3 7.9 /1?8' /3;1 -~ZO 7.6 . . ,, .,,_ .2-J..l :J'/. j_' K!J 0 /J.£_ ... ,'j¢ /.iJ S,J .19.11 ·f/,Z 1/(,0 1.1.2 

\ ..... 

L_B0-/.2 s- .. 1)'-tCJ 17 lj~ [;.(.. 0 .. 72. 1/2 0 ,fj 260 . (£' 300 7.5 
II q · .. '). {.9 17 s: .. 74 0 . 7g 3..1' 0 ·'I .1.3'7 • 6'1 .]00 J.t'f ,, 

ff ·/.J -70 /~ . t . S.) 0 tJa 30 0 2.2. .:J.31._ 6S' JOO 7./ 
LAO·/. 8 s-s -(.q 1_8 . _)j_ . 1/1. ·o .!i}f_ 33 0 I 'I . 1~2 62 .:JJfv 7..5 ,, 

. g- s -{,_9_ 19 S· .. .51 0 Z6 :J.J 0· ,1/ ;2.1.1 70 :.?52 /.i/ -LA0-2 1:1-5-67 . .2'1 . 1:2. . . /~t) 0 ;ol{ 7J .7 '71.9 5(/IJ /10 . 760 7.3 
' ··- " #-.:1'/-b:O /.2 s /,;17 o·· !'C'O l/5· II/. 7 7.0 :J(>6 .Sl:J 1/J() 7.& 

• ··-
h t -!)'· 6."b* /6 . 2 .. 'li f 0. GS 25 '7 Jl :1tJC ~~~ .2 fr'l 7..5 
" . 9- JO-tg :LS ·s·· /!~~--:- 0 :J./0 '17 .J,( :22. 'l.2lJ 1P t:tJ(J 7..5 
• 5·5-(/} 9 -/ ·. ·. 7-¥ ·0 . 86 3.f.. 6.0 1 . .2. .J(.7 ~~ 3.-:lO . 7.7 I ' 

" tjJ -'I -6? .lO ··s.· 11/0 {.). :120 .'31 . 10 13 . .2 lj?) 72 .;~ 7.{. 
-~ ., 

.2 -16~-Jo Jq 10' IC'O :1..· ·.1./0 115 .y· 31.6 5,~ /10 5$1tJ '6.l· 
• ,5'-/1-70 ./£ 7 g/ 0 /~_(. liS g /3.;2 . "1~")8 J(J 1/.:iV . ?.5 ·-.. 

·rl-13--70' If} 'I·: ICX/ 0 :2.1/0 i/() '7 s.a f6G 60 SilO 1.1 .. 
e-16-71 ~I -3· /0.2 0 2/6 32.. 5,(:, 1?. 8 J/J.2. _61/_ s~o 7,6 .. 11:.. Pl-71 /3' .5· ~0 0 /$6· ().6 ·S:6 /~.7 390 :Y2 JICJO 7.1 
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.. ... .. . . . .. ... : .. 

. ', 

Date or Cal .. lJacnc .. So-
. Source Collection CiUJI\ siUJ!l diUlll 

(Ca)· ... . (Mg) : ,(Na) 
.. . . . -. . 

LAO-I ,2-11-71 JS ,~- .. tiJ· 
" 5- 7- 7/ ~15 II .. 7t) 

.. '-

... ,, 
g- -If.., 71 .29 . 7. Bt.J 

·/ . ,, 
II- :,--71 .2'1 q 82 

" .2 -17-71 ~;. g r.L ,) 

" .S-S-7~ .1./ r· 6S 
" 7-3/-7.1 .3.:i II . . 9:l ,, 

·II-.2-7.2 :!'/. 8' g{, 
LR0-/.2 s-- ... ~-(. cr 11 . 1/. {;(., 

II 

fJ -$-~9 il s: .. 74 ,, 
tg -/J-70 16 . t ·. .S.J 

LAO-/. 8 5-S-(.9 /8 1/' 1/:2. ,, 
· 8-S-69 ICJ· S· .. Sl -.. ·- LA0-2 /;1-5-6? . 21! . 1:1. l~u 

··- •• 1/-.:1'7-b i; /2 s 1.27 

" t -1)1- tb• /IJ . . 2 .. J.fi ' 
II . 9- ,JO-tg :lS ·s·· /! ... ~ 
• 5-5-69 Cj i ·.·· 7--1 
II 'J-'1-69 .1.0 ··s.· i'IO ., 

.2 -16-]0 .1S /()' lt:'O 
• 5'-ll-70 /6 7 '61 
• ·<IJ-13-70' If} ·1/.: ;oq· 
II e-16-71 ~I 3'· /0:< 
N IF· Jil-71 13' ·s· 'JO 

.• j 

-
••• 0 ...... - .. • I 

Chemical Con:;tituen1'.9 
Hi.lli&r:tllt.c; uei' Htor 

car;. Bicar-
bon- bonate 
uta· '(llCO )' 
(co3) . 3 -·· -· -
0 ·- r;J -

0 -9.Z 
c) !0.~ 

0 /0~ 

0 'PI 
o· 'p,'? .... ~ 

0 i/.2 
0 1.2t; .· 
0 .. 7./ . , ... 
0 . 7g 
0 t!Jr:J 
·o sg 
0 76 
0 .10if 
o· ;'C'O 

0 . 6S 
0 :uo 
·0 S6 

(._). .z.?O 

:J. . ·.2/CJ 
0 /(5(. 

0 :2.110 
0 2/t.~ 

0 /56 

~) 
-3(~ 

Chlo- Fluo-
ride!· ridB 
(Cl) (F) . 

l ... -·· . 

.~,r· . /,.1/ 
.21' .if 
33 . .3. 

~-2 ,J 
60 ,-;/ 
i'tJ .1 

.. J6: ·3 
34 /.t) 
.1/2 0 

35' 0 

·30 0 
33 ·o 
::1] 0 
73 .'7 
115· 11/.l 

2.5 '7 

'17 .J,J/ 
3¥. 6.0 
3'1 . 40 
~~..,~ II 
118. g 

i/0 '7 
39 '5,6 . 

:J.6 S.6 

lfi-
trato 
(lJOJ) 

7,9 
7,0 
6.(, 
6',2 

C./ 
3.1 
7.9 
S.J 
·'1 
·'I 

2.1. 
I 'I . 
,1/ 

'Zi-_3 
2_(.) 
,i/ 

:l~ 
).2 

/.),;!. 

:?17.& 
/3.2 

8.8 
1?.8 
lb.7 

Dis-
solvod 
solids 

~C"/ 
1/ll! 
i/.JC) 

4rJ'/ 
3.56 
.339 
1/'18' 
.1'/"1 
260 
:2.39 . 
.2.3/f 
1~2 
:l.1J 

.5(/l/ 
:J({;. 

:u:g 
11.2!/ 
.Jt. 7 

1/7) 
,:;;~ 

·15"8 

'loG 
J/J.2. 
390 

.. _.P~~· 7 c-1 lfi .. -·-· ·-

- ·-. ------
Tohl S~cific 
hard- conduct~nce p.tt 
ness (micror.lhos 

nt 25°C) 

/.38 J./10 7.J1 
1.12 5!)0 t.o: -· 
100 5C:.V 7.'r'l 

96 if7C' 1..5l 
f/{ i/.:10 7-S' 
~C) ..y(,,, 7.1 

/3;1 .S{.O 7:6 
·9-< 1/{,r.} lt.l 
·t-O 300 7.5 

61/ .]0(} 7.1 
6.S' JOO 7./ 
62 .:1.1/v 7.5 

70 :],-).2 J.i/ 
/10 . 760 7.3 
.so .1/.J(J '/S 
~~~ .1 ~.~~ ;1.S 

9iJ (.00 7...5 
.':~.~ 3:l0 7.? 
J;l .,;-cv 7,(, 

/10 5?v g:G 
/(1 1/.:J-0 . ?,5 

60 SilO 7.1 
_61/ s~o 7,6 
52 #00 7.1 

e(,/ 



• 

f PJ>PI( A E • ' : · • · (Cqntinueo) ·. ·· · r 
. . ·. . .. . ~ . . . . .... ··: ... . . . tl . . . . . 

• : I I I I 

0 • ••••• , ...... ...... • • Q ---··-·-----.-····· ..... ----------·--:-... ~-----.. ·~---..... _.:.. .. ~ ... -··---··-·-·~ ----------- .... _ .... f.~ ... "~ If( 

-. 

... .. 
'-

• . 
:''-

. Source . 

Lno~2 ,, 
,, 

. ., LA0-3 
" 
It 

,, 

" , 
u 

II 

, 
,, 

" 
... _, . ,, 

, 
, . 
" 
II 

II 

LAO-tf ,, 
, 

n 

.. - .. 
. 

Date or . · Cd-
Collection ciwn 
' (Ca)· 
. . ... .. 
.Z-17-7.2. '.26 

7-31-7.2. i9 
11-2-7.2 1&. 

1.2-.5-67 .1{0 

.1/ -:J.y. (. 7 :Z.f 

6 ·.10-6S /7 
9-30~·{·8 I~ . 

. S"-.5 -61 j(... 

g -I/· 69 17 
2. -16 ·70 ..lS 
6 -~'1· 70 16 

. 9- /J -7"" 16 
. !1:.17·· '7c /{, . 

5-7· 71 . ;)./ . 

g-16 -ll :J.I 
/i-.lf-71 It/ . 

. .2-16-7/. J.Jl• . 

... '5·- ..5- 72 26 
7-.JJ- 7,2 .2.6 
11-.2 -·'1.2 19 
12- .'f-G7 36 
J/-29·ti8' :10 

0-20•68 I? 
;o--Jf-69 19· . 

. .. . .. : .. . ... 
: 

}lacno- so- car:.. 
si\lTol diur11 bon-

. (11 ) . ,(Na) ate· g • 
(co3) .. -. . 

/(-"" '117 0 

7'. ill 0 

s. 9.:1 0 

7 /.5,2 0 
/0 127 0 

.3 S2 ·o· 
:1" 85 0 
'I ~ 127_ 0 

'I' IC?. 0 
17: .. so /() -. 7 . ~u 0 

6' /Oo ·o 
6·. 7-1 0 -·7 :1'6 0 

·l/ 92' o·· 
. s .. ·. 77 0, . {:, . 11'1- 0 

9 ·. · . 97 .o 
•'7·' I.JO o. 
6' 92. 0= 

/() 117 0 
/.2 : C6. 0 

· .. 3·, 66 0 
·6· 67 0 
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Cham:i..cal Constituen'lio 

lulliP."·~s -oet Utor 
Bicar- Chlo- Fluo- }fi- Dis- Tot~l Spcci!ic 
bonate rid a rido tratc solvod h3rd- conductance 
'(llCO )" (Cl) I (F) . (No3) solids ness (rnicror.thos . 3 at 25°C) · . .. - - ... . .. 
"lf/0- 8~' . J.<J 'I/. 9 .520 flO { • .I/o 

J.jz -'/!! 1.1 .2/.t 1/(16 7t 6CJO 

:J.oo 3t. . 1J, /.:5:'/ '112 60 180 
190 53 q . L6:0 .i/7¥ 130 5.1/0 
/3{. 60 7' 22._1.j /2.2 /C'O .szo 
i0.2 ;)0 /0 1/.0 33S' S6 3i/O 
i ... "i'o J(.') 7 J/..1/ 38~ Sl/ -'/30 
It-o. 

.. 
70 5 Z2.0 "/_!(.") ··~·1 S':{LJ 

l5'Q 37 5 f!.5 '?'i7 '- ') . 60 .Y2(.} -
'/90 35 .s .Z.2.0 ~6f . 1-J'O 1/60 

196 ;1/~ 8 11.2 ~.5'8 70 s~o 

2/0 31," '7. 5 .. ')" 4PI 65 .!f¥0 

llt.J .:-') 
.;z_ 8 8'.8 /f'IO 65 i/..Jc.1 

lt~.t; so --.~, .. ., .zg,.o i/J() ·:It' . .. 5~{) 

lSD ill· 1/.7 1..£ 'I J/.27 {:.~ ..;:.zo 
/tf?O :Jo ,&.- • 

..::.h l:J I'll 1/.32 (.,tJ i/60 

I5~ '78 J./.7 :J.S.a '132 8'1 . S!lu 

. /tit S.2 . .J/.1 .2..'/;l SOtS /tJO 7i'0 

/.11,; ·76 1/.9 J'i;.2 5/0 9.2 680 

.2CW 39 s.s /.3.2 4..J'i 6S ... -,(){) 

/5V .f . .r;: .1/ «.$ .. D,9 /JtJ 3SC.:J 

'11 1/t.., /.3 '1.1 2J.O /t.10 :J()(} 

10£. :<7 "3 ~9· 366 ~0 ..300 

13,0 ?-7 .. If <:.! 270 70· J9o 

I - ---
I 

! 

p.ttl 

' 
7.6 
J.t 
7.4 

~2 
'/,? 
7.& 
7.7 

17,$ 

7..5' 
~7 

7.6 
7.2 

7..1 
7..1 

7.? 
1.2. 
16 
7.2 
·"1'} 
.!;._ 

7.'1 
1.3 
1.5 

?..i 
l7.6 
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Chcm:tcal Con:;tituen·t.D -. . H.i..ll:ierCUit:> EJ~ Utor 

Data or . · Cal- ~Iacnc- so- car:. Bicar- Chlo- Fluo- Ni- Dis- Total · Spcci!ic 
Collection Ci\Ull simn diurll bon- bona. to rid a rido trato solvod hard- conduct<lnco 

(Ca.)· . (lfg) : :<Na) o.te· "{HCO ). (Cl) (F) . (lf03) solids ness (micror.ilios ... (co3) . 3 
l!t 2S°C) .. . . .. - -·· ... - ... . ... 

S-S-(4. //{ If ... ·to· 0 -(;6 . 3~~· . • 6 .'/ 1'/c.!, 52 269 
g-'1-t.tl /g t:, .. '10 0 itJ.ij 32 

. 
f.O ·'I ..239 ?0 300 

8-l=J-/C) /.2 . 7· .5/ 0 1~0 9'0 . 2. /, /1 28'1 8.5" C37o 
s-s-61 /6 0 S7 0 78 .J..Z 0· /1 .21'1 '10 ..26(1 
g-/f-{/1 /9.· 7 51 ;O 96 31 0 ·4 .J -.n . 'I 76 .1fl0 
2-16-70 .:lJ! /0 3'1 o· /00 .:Jc:> 0 /.f'> :1.0J) /00 .2'/0 
5-11-70 .xo 7 

. ···r/9 · 33 0 2.:5 ·6 .'1 27? 80 2(.() 

·6-l!J/-70 :zo. 7' .1v 0 ro. ~f]· .6 /, 3 2..1<. ·flO ~60 
~ .. J.J-70 ~.1 8~ {/6 0 110 #(). .1 /. 5' .21/Z . 90 32.0 -11-17-70 21{ ~: .. '13 0 "-272 38 I /.3. 36-Z • a., .:18"'1 

.2. -/2.· 71 :i/ . 9 . 37 0 (S!J ·10 ,If '/.'I .JOtl 94 7t.~l/. 
g-/6 -71 /? .. 6" 37 0 $..9 ..70 ,/ . :J./ 2..16 7..2- :!70 

. 1/-1/- 71 /if ltJ·.·. :JS ~ fl8 ,?{} ,/ . 1.8 ~96 76 .?-3(.') 
;.. .. J6 ·7.2 . 32 . 5 lt:O 0 /20 :.Jc} .•2 .z ~ (..2 105' . 3t"'O 

~'f- ..:5 ., 72 /9 7 .17 o· 5~8 :.'JO. ,.2. I~~ . ~cYI 72 ,2 7:1 
7- :11-·72 1'1 . . 9 .. · Ill: 0. lOB z.o ,s .9 /,q(.J 72. .:13.2 

. 11-2.-7.2 19 '9 .. ~'2· 0 II/.. /.t: .B. ,9 .:J1'f g-'1 270 
12-.5··67 1.9. /0.·· i/.2. ·0 .62 :29 . ,/f 2.6 ;loq //0 :J..YcJ 

t -20-t.B li ··,s.· /f_/j ·o 61/ .:ll/ ,!J ,#· :2/.l.. 6! .:21/0 

/(.)-'I· 6 Jl /~ s· 'If O: . 9t...""' :1.6 .l) <.' :1.3S 60 .25Z· 

s-s-6q . 1'1 9 '18_ 0 5c, 31 0 1.3 ·IllS J.J A1'1 . 

FJ -_.lf-6_9. 17 7: 56" 0 71 .J5 ·o ./I 220 70 .26{.1 
IO .. .If .. 6Z ./B .5 ip;. 0 :l.OO ~6 . • .5 . <;I 227 ''~ ~96 
s:...s-69 18 .S· .5/. 0 66- ,33 . .I ,J/ IllS 6'1 21/8 

-
pH 

7.6 
7.'1 -
7.1 
7,.5 

7.3 

1.1f 
7.6 

12-61 
J.l) 
S . .Y 
7.2 
7.2 
11.1 
/.7 
7.3 
7.7 
'73 
~2 
7,1_ 

7.] 

1.J ,-,_ 

J,Jj 

J..t.j 
1.3 

-3n~) .( __ .. ; 
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I •• 0 . Chemical Con3tituents .. . . 
0 0 

Joti.lliP.raflls -oe~ Utor I . . . . ·~· ... . 
. Date or ·. · Cal- ll.'lenc- So- Car~ Bicar- Chlo- Fluo- Hi- Dis- 'l'ot:Ll Spoci!ic 

Source · Collection ciwa si\Ull diurA bon- bona-te ride· ride trato solvod hard- conductance 
~~ . 

ceo.>· . (Mg) . ~ (Na) p1~0J)' (Cl) (F)> (NOJ) solids (micronhos nte) ness 
DRAINAGE AREA 6 .. .. · ... : (COJ) at 2S°C) 
(SANDIA CANYON) 

.. . 

scs-1 Cf-.S-69· . ·a o·· .. ~37 . .:r 0 .3fO . '15' ·ss <.I 1738 0 11.<0 7.71 
R 1-13-70' Ito !d. '70 0 ift 50 /JI 30. '11 612 /60 .S60 't.J -

. _____ .. 

.. . 
/I 6-.<CJ-'/0 36. 0 17- 77 0 32 -.... . ..3. 2t.•t ~37 /60 t.'OO · 1."1 .j~') 0 . , 

9 -2.L~-70 J/0 II· /(.1' () 70 60 3• 2(·,4 /0..<8 /f.;- yoo Z:L 
II 3- e -71 38 J.il 78 ·o 3:1 55 2.6 ~,;, 7c.7cJ /52 660 6.7 ,, 

(. - 1- 71 30 /;l ·90 ·o· 60 1/0 /.6 ·.12; () 732 12"1 (,IJO 7.0 -
0: 

,, 
0 '1- 1'1- 71 58 .Ji/ .5l:.J'" 

• I ·• 

liS" 2.6 .26 .. '# iJ I Ji"> /..9.1/ 7t.?OL'J l2.1 -- . -
.. ll.- 6 -·71 Jo /5 ql 0 

0 

36 
.. 

.S.I/ /..1/ 17.6 6'76 136 .S60 . ~ 
" ~J-J-7.2 0 . • ::Tlf · /5. 110 0 '1'1~ . 66· J,8 J/,1/ 75'1 l?t 8'10 7.5 -II 

6-9-7.2 •JI e: .. /56 0 /98 31/" 17" Js_o 17>1.2 .1!3 1300 ° -
" S-31-72 · .jz ·/'/ . 97 0 PIO 6'1 I? 'J.q,5 760 !36 6~0 73 
" ·II- 6-72. 0 2.2. ,. .,,. "12· 0 8':1 :28 r-7. 3~~i 35¢ /OV 3!:J .. CJ 7.1 

.. 
SCS-2 . q:..:5'·69 l!iJ ·. JZ.·· l'/Cj_ 0 /00 so 6. 0 1/.tl (,.~0 /50 7.,l0 Zi ,. 

1-12-/0 .yo. If' I 8.5' 0 g'l) ·C).5' /:3 .2 6.lf 101.6 It-O . //)(/0 'II 
• 0 ,, 

q-21/-/0 36 ·7 ;oq o·· /Ct? _t;O ;l.· I'T. £. 6/CJ !.<0 {•.fO 7.6 
" 1.:2-.2./· '/0 '6f. .Js .. ·. 16(, 0/.9 0 0. ~[) <i!O 30.~ 9 JC:J :<Of] 8."J ... ;:} 1.1 -, 

0 0 • :J ·-/.J-_ 7) 38" ·'16 . /iii/' 0 0 ~0 7S :J . .2 0 '2~1.. 8l'.i! /60 8110 7.1. , 
· 6·-r- 11 37· // ·. ·. 173 ·0 0 72 6S ·2../ _L'l.l. BS(, /3!1 /tJ6cJ '6.J 

; . , 
9 ~ /.1/· 'II .3.5' '/II·. /15 '0. /flc:J so· fl;9 13·.fc 686 Jll~ (,{,Cl . 7.S ,, 

)2- (J-71 35 /I /6'0 O: :g7' ltJf /.6· 30.~ '33-s' IJ.2 8'10 7.1 -" .J- 3-'7-l .27 12 /'I:J 0 6'1 S'Q 1.8 13.5 b7'1 /16 700 ~ 
" t-l/-7.2 2.6 ·g.: 9'1' 0 lOll 7.2. :3.8 1/.g 599 '16 GOO -
" g .. 3/.;.72 ~G. 0. b'. g~ 0 /36 '11'1 ',2.6. 3.-/ 466· gB 500 7.8 -, 

/l-.6-· 'l2 :3S '//· 10'1 0 IJ6· :9v· rt.S 132. 606 /32 :ll/0 7.1 
I 9-5-69 ° 7. ·'" eo 0 

' r /J/0 ° 1.5 . I' 0 0 3~ -0-'1 3;z /.3 ~or ;, l I 

- -~ R-

• 
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PV!~-L_ll r/ . fd _ -~-.. . . Chemical Constitucm~a - -. . . H.i.lli.RJ~3J\ts Wl' Utor 
Date of · · Cal- }Iaena- So- car:. Dicar- Chlo- Fluo- . }Ji- Dis- 'l'ot:l.l Spoci!ic 

Source Collection ciwn: siWil diUJil bon .. bonate ride . ride trato solved hard- conductance :p.t{ 

(CO.). · (Me) ·! (Na) :lte' ·n10o r (Cl) (F)> (N03) solids ness (rnicror.\hos 
DRAINAGE AREA 7 .. 0 •••• : (co3) · .. 3 at 2S0c) 
(MORTANDIW CANY0/1 ) 

.. . . . 

GS- I 1.2·6·67 . '4'1 o··" /17' /.?2 /lv s· . 'l.o 1f.i .29/ /10 6(}(.) ,f/.:l 

•• 4-Jo--6e · 32 2. .. ..!1-LI 6 icJ/. . ;,;,·i Jl /, g /iJ2 ~·o l 2+'0 9.2 -.. 
/1/-7 -6f1 36. . {.J. lJ Jt /16. ,_, .. . ·l'~ ..I/ 211..,- 90 J fro; 9.& 

. " 9-5 -{,9 2"/ 7 1!3 0 I:J.O s .o. ,:2...l. .211 90 .22t1 9.t) ,, 
'-.<2 -70 1/1· .5 19-~ I/ 'I pjg /.3 /..If 3g,1g S'/6 /3c.) ~t~t) 7.'1 

II 

7 ·2/-70 G. I (L_J{) 1€0 )./ /I 5:2.~ /735 20 .2 v1.:)0 'a1 270 , 
q-,.74-· Jt) 8 . I 117 160 '/.90 . ;o: .2 13./.. J/7$ 25 7{)(.) '1&.9 

II 

l/·17-7t.)• - ., 
-~ 3B.5' /35 ).9o 

.. 
22' ;2. .5{}/ ' . /3..:)"8 ;Z.5 /l/6t.1 yt-~9 

, 
1.2- /-70 . . 31' .2. J&S' 0 '/3Q. J..o .J 51-5 .. , /5..5''3 ?J /6Cc'J !.3 , 
I 2 · .2/·?t/ I : .. Ill '!.18 . .21 0 10 /;/. /{.)../6 5/g .56 .soo . 7.6l . , 
.2 -J.:,! - 71 51 . 3 . 3~ 0 tf6 IS /.9 79._l ·S:lJ 1¥9 I 110 f.O 

" 6'·-· ,2- 71. '70 .. '2. 170 l2' 37t .35 3..5 . 2:2.LC ?16 l'b6 fj-ll r.t . 
" . 9-/.J- 71 . .s·'l· . .8· .. /10 0 2.16 #9_ 2.-5". ..<'1.7... 546 /68 £'6(.} 7.7 
" 12-6~71 . .JO·. ··7·' :S'l 0 /f(j ·36 . /. t /. 8. . 3c.?c' /tY/ . J~t' 7.6 . ., 

3-3-7.2 /J ·5 21/0 o·· 3/.2 2 (]· /.J· 9.£_C 706 5'2 . 8'10 7.6 
If b -q-72· "·.21 .. .-·7··. 9''1 0 /60 /V '/6.· 79 'I6J!. so .5_,"0 7.7. 
• ~ -JI-72 /9'' :3 . /16-' 0 •22.1/ ./~ /,5. ··70,'-t 522. to . ..s-ro f.O ... ., 

. II-· 6 ~ 7.1: ./11' . J/·. ·. 35 ·0 /Oil' /v ·/. {) g-,q ;,";~'I ...5.' 2[>0 7.3 ...... 

mc.s- 3. 9. 12 -t-67 ,<t} ··.7·' 113 ·o /10 ·I-'S'. /.0 13.'2 .. eo :J/0 g.t. ,-
·"-

•I 1/- 30-Gf: 20 7' 110 0: :/30 1-"- ~;.2 1/. "' .<60 fJ{) .3/'t.) 8'.3 .. 
'1·.23..:70 .30 'I .2{.0 0 2/L) ~0 j.t) 2.f.6 ·662 9t.J ~20' (,.5 

If 3 ·_ fJ- 71: J./2 s· 29iJ '36 /6.1/ 30 /,5 (.t'_,J,_~ 1.1oe /.21/ /.SOO 9.1 .. 

• 
, 

9-13.:.71 1/0 . . . 6' 3i5 0 -326 /5/. '1. 9 . 2.253 /13~ /2~ 1360 '·' ~ ' .. ' ... 

. . . . . . •,··· : .. - ....... ··- .... 4·-· ·--· ... -· ----- -· ·- -
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.. .. 
. . 

Date ot Cal· }Iaena .. 
Source · Collection ciwa sium . 

(C~)· · (Mz) · .. .. · ... · : .. . 

MC.S-;- :J. 9 12·6-7l 35 '7' ... 
II .3- .J-72 ~10 9 . . 
" 6-'1-72 .21 . . 9. 
,, 

€ -31-7.2 :J'I 6 
" IJ-6-1.2 :2.6· .3 

/v'JCO- 3 12-~ -(, 7 1.0 . 5 
" '1-.JO-t e :1.0' 7 
" . /0-7- tit '/8 . JJ . , 

G-2-l.·9 · 6'1• 7 .. · ,, 
9- s -{,''/ J« 6: .. 

. " 1-/,"l-Jt) ;!.0 •7. . . . 6-2.?·70 28 · .. 7' 
II .. 9-.-2'1-70 /6··. ,2 · .. 
• I.J.-.21-71? :J.5 .. 2·~ . 
II 

'3- .l5·71 21 . ., 
II 6- .J- '/I 2iJ .. ' . I ··. ,, 

q- /.3- '// Jo· ·s. ... 
II 

/.2-' ·71 30· s·.·. ,. 
:J-/0-72 I~ ·:s- .. 

,, 
{.-9-7.2 so 7' ,, 
g-3/-'72. . 51 t 

II Ji-.2-?:2-' . .Z2 ·s.: 
• 

...... 
~ . '··· . .. . . . .----- . . '·>'• --· . 

·. ·APPENDIX E 

(Cbn.tinu¢) 

.. 

... 

Chemic3l Constitucm~s 
. HilliP.rru'11s -per Utor 
so- car:.. Bica.r .. Chlo- Fluo .. .Hi-

diurA bon- bonate ride ride trato 
,(Na) o.ta · '(}lCO )" (Cl) (F)> (No3) 

(C03) ·. 3 

:zjS· .o 260 IJ.2· '/.1 79-J.. 
.2SS 0 -~911 ..j-4 J.S .24$.(. 
2t.7c.J :32 30¥ 48' . Jl. ·13'.1: 
.:J/-5' 0 'llif ~6 )5 . .27/..l 
2.1/0 0 .1.56 2t 1..0 .233,1 

. 7'1 •$• .r;z ~- ;.o· g, l) 

7~ (, ~/t)t). /t) /.1 ?.0 
91 /v . g6 .. IS /.2 ."3./ 

Dis-
solved 
solids 

(/28 

9tJ2 

1.275 
12"/,2 
970 
2S:S' 

:Jrt, 
2.S2 

~':20 )(t,l .. g.-1 . ... .s: (. 3/ . 'l20 

1.5-'1 .i"' ·;6·c) s· o· /t:.-?6' 3/f 

7f 0 /c?v IS /.I /7-t 3-ZO 

ISO s.z 166 IS /.//. J!(jlf;$ 60S 
26q_ 30 .1,/(} 2fi /.t? . 11/.6 {./~ 

3~0 0 1~8 ;i.S" ./.'.3 .!>/"6,9 1211 
Jic' /6£7 .21& J!O /.5· t:l.lf.l 139.2 
250 3~ 3{)'0 .<o ..s.~· .2.J7.t. t'lo 
2:JO 16 ·3C7Z /2.2 ;l • .l/. i;t3.l !ltif: 

,?t.25 .o ..<3(. /PI ·/. f 1t~- 6&6 
/70 /.2· /f{f .26' :<.2 /3-1,' 65 .. i? 
3/0 0: :3}_1/ 3ft f,:Z 1/26.8 1.:.5"6 
2.&'-'i' 0 3¥£) 21. /. I '122.. ~ ·1-llC:) 
17.3' ·o 2..96 :lO. /.7 jb__'2:i_ 7.30 . . . , . • . .. . . . .. . . . . . ... . - . ....... ····--·---

)o-

Pc~-<U Jl~d)fl_ __ 

- ------
Total SJ=.OCi!ic 
hard .. conductance pH 
noss (micror.lhos 

at 25°C) 

/It· /t.)~(.] ll.-5 
11.2 /vtto ~6 • -
~B' /.520 ~8 

/t'J~ IJ.YO !:2 

76 i0t'0 7.7 
70 .l.J2 tlf 
go .:.2 7 g 'l.2 
to 3.Yt-1 INI 
/91)' J(.)OO 19.1 r 
7v 320 . r.s 
60 1t.V 83 
l£7() et.o '9.2 
5'() Jt'tJ 9.3 

·96 . /,<{'(.) zs 
G~ 16~t' I(~ 
t:1 /.)(1(.) 9.J/ 
CJ6 j/.ftJ r.!) 

96 f{g-O J7 . 
6'/f 6t;o·. ~5 .~ .... 
/.52 ;sc;o 7.9 
/6"2 /,YtJCJ ~{) 

76 gi,>O (,3 

.... 

• 
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f~ ;;: 
J .. . .. 

. . 

PC#';.., 13 '-'1' 18_ _ __ _ 
... : I .. Chemical Conatituen·t.9 -. I • I • .... • I • H:illier:u•ns -pe, Utor 

Date of · · Cal .. }Jaenc- so .. car:.. Dicar .. Chlo- Fluo .. . tri- Dis- 'l'ot~l Spcci!ic 
. Source · .Collection ciwn sium di\114 bon- bonate ride· . ride tratc solvod hard- conductance pH 

(C~)· . (~fg) . ! (Na) nte' :~}~03)' (Cl) (F)> (N03) solids ness (micror.lhos 
.. ..... · : (co3) ~ at 25°C) .. . 

' 
MC0-1/ /2·t··t;7 .2.'/ 7' _ .. /OJ· 0 /08 Jg· ··2 IJ.J.. :l .?"/ 9'0 3/0 7..5 

II '1- Jl.;'..{~g /6 12". /27 0 ·:ao /.5' 2.1 1..?.6 ~ f:-'1 ?t, :>e-o ,7.9 
,, 

/t)-7-6g 1'1 . . J . /)0 0 /.S8 ,')· . /.1_ 8.'! :3 (.~"?: Ljg 'lit/ f.O 

•• c -;!-{." 9 ~'I It/ /;?0 0 /,'}C.J .s 0·. :;C,f :lf>t-' /00 /IJI.) f./ 
•• 9-f5-6'1 .2.0 .2 115 (,) /.Si) s o·· :?0.7 :3.26 60 .35(.) !.'I -II 1-1.2-70 110 . .2' -97 ·o· it'J ;s· .8 -~;2 -¥t;6 /10 £f{i 

~ II 

. . ..5-·1'1-7t-' .28' 7 f'l {) : /3cJ.· If: .z 6/.{, 'II'/ f,JO 'ltV r. 
•• . 6-2 3-.;1.·.> .2 g . 10 !i70 () i.Y6 .. lr! /.0 /.LJ.l .5l::!2 /ltJ 6(}0 . IU1 
I• 

f/·~:J-70. ift)' 8 .. ~7l) £) -~io · /-.0 {.) 3Jili 7,-5[.? /.JS _ft-0 /.1.[ 
. II 

1.2""21-70 4Jg /Jl .. 1-Y'v 0 'lffi 2J' /.·'I. 1t)o /t25"t: /lt-l) . ?.Sf /76 
. ,, 

3-~-71 :sJ ·/'/ . J3() 0 160 25 /.·0 tto.~ ).').](,) ;s.g /SOu 7.6 
.. ''· 6-3-71. . 'I) . ."] ' ~7'iJ. ·o Fi·r 30 /.6. 1/j;;l,r //IV II -f. /3()0 7.6 (.,. •' 

" .. q.:.;.3 .. 71' i/() /0- ,230 0 ..276 - L /.v . .J'/C'~ Y..c //CJb 110 !3vc.' 7.J 
II /.2 -&-71. "/3' ·•7' 2.~-o 0 .2!5',2 Iff . ;c IIL~O . f.}~ I:Jt . . //()0 v.s - II 

3 -3·72 :J/j ·7 261 {."J' . 2J2 ..?"!- /. -? . .1).'1.7 S7L /12 A;,~o 7.6 ./-
II c- 9-7,2 '37.· . 12· ... 25'0 0 .2~0 #t j •• J.' .33~. ~ Ji)¥1 /'io /J£7(,) 7.-'S ,, . 

~ ... 31-7.2 :~'G,). .· 6. 21/5 0 . 3'1~' 3"/ J,7. JJ_'i-.4 1/t.-'2 1-2'1 ,(,;76't..) 7.7 ... 
II 

IJ-~ -7.2 ,g: ·. )yt) ·0 -/S :216.0 /(}:)2 /tY? tf.JO . 7.7 30· .3K~ 3;2 

/VJC0-5. 12- {. -t/ 12 •·'7·' /61/ 0 162 .j_J·' /.0 • 9· :JI~- 60 350. 7..5 ,, 
.t.;-30~68 ·;.z· .s· /'/(.) 0: :/S6 ,to .s- f!.S 300 .. :iO 3c;,)o l7..s 

• /t)-7-'G 8 .7 /.if /IS o· 1/!:l It? .2. 1/.t> . :J/ -SI' 2..fl .330. 7..5 ,, 
6 -.2-6Cf 12. •JI . 121/' ·o ;oo :<o 2..5.2 1//)0 ~I .. ··o· 2?...3 Q.S -

• 
II ? • g ;..'69 ·12.- . 

. ,. li.2: ./'/0 ·s .. "0 . 2fl.S 310 S.5 -. . ... () 60 .350. 
. . •.·. .. 

·--- .. . .... .. ·-····. : ___ .., . ··-· . -----
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Source 

MCO.-S 
II 

II 

II 

II 

. Date of 
Collection 

. . . ... : 

.. 
APPENDIX E I 

· .·(Continued) 
. . 

11r:~ /If..~ (fl 

1 Chemical Constituents 
·· · · lti.lliP.t•aJ\ls --oer Utor -

Cal- llaena- so- car:.. Dicar- Chlo-~ Fluo- . Ni- Dis- 'l'ot:1l 
ciwa siwa dium bon• bonate ride· . ridG tratc solvod hard-
(Ca)· · (}fe) · ~ (Na) ate' :<n~o3)' (Cl) (F)> (No3) solids nass 
·· · · · (co3) · · . 

St:ecitic 
conducttlnco I p.'i 
(micromhos 
at 25°C) 

9·2.3-70 l 32 l Jo· ··l/.'1!·1 o I /50 I ;o· f' ·0 I 198.oi.Sf6 l12fJ I 6t0 17.-S 
3 -3- 71 I · .. 'if. I 20. li.!!v I o l"t5'2 I 2.S I . 'I I ~S-4J.lllli6 I .2.2g I J.it.'O 17...2 
h- :J -71 l 56 . l· 1'/. I /fO I o I 1'14 1 :J.il I· .z_ 1 so6.d 1/Li'/ I 1?6 1 IJ.:t) · 17.2 
9-l.J-71 I 37 I 13 · IlKS I o I 160 I -!)-o I .6 1.17"'~~~1 S2.2 I 1'/Jt I ;cc;o _ _ l.t;.s 
12-6- 1'1 I 30 I g 1210 I ·o I 17.t I f!:5 I .. 2' I /.J2,cl 66 'I llt.;·g I f.:!'-' 17. f 

'' · T :J-.3-'Zl 30. 9· -:u.;o ·o· lev ~t ./ 1.1ts t.P/ 112 I K2o 7.6l 
~· ·I 6-9-72. J'l. 10 Jil'l .o ·)t~ .· sg :3 . 161.~ 'llf 12'1 9/fC·' /!Jr 
• s -31:7;1. '/12 · PI 21.~ o 2:t.'l·· 'I& .s 2t(,,o CJt6 J&o ;;ro .. fu, 
'' . 11;_6-7.2 · . :JO 1.2. 1?7 0 '2:i(.. 36 -8 277.1.. 8.36 /.2/f &'t'O 7.1. 

I JIIC0-6 . 12-6-67 It 5: .. /Ill .o '!54 3. ,.5 g;g· 331/ 60 3/V. 7.Sl 
II • 1/- 30-(.S . /2 . /0 . /.fO .• 0 life} ·IS" /:t /0./. . 3t'f' 70 380 1.31 
f . 1&"-7-68. 1· t~ -·1 · 1· I .'/.:;. I ·o I !Of:. l_s_ I · .2. I 9.7-1.; g; I 2:2 I_ 29o 17.9 
" t -,2 ~~9 I /2 · I . L · IIJJ I o I · 90 I is·· I o 'L2G,4 I 296 I 3-' I '100 17.& 
" f!-e-6?. 1 2¥-·1 ··7· l lv5l o I Jift.J l .. 5 l. o l~zo-1: 3.2<0 l·9o ~r--340'-1&:5 

l-1.2·/c :J.t.: 1 ·IO 1 so 1 o··1 /5.::> ~ ,J. e-o 1 38''"' IZKj 
' •· I s-1'1-i'o ·.22. · . ·:?.:. 79 T 122 llcl . ~ ·&,. · i/6a?.s 

• II 

l . " .. · \ {.~.23-70 :1.0. .· 7 . 7 ~ ·120 .IS .. s. ·~t.'/. 38~ I~ 16() '7..11 
·, ·· ?·.23-?o 26, 1o·. 1~o r.c;~ I'll' 20 . ,(J. 171~~ 51'1 11101 · 6607.1 · 

I '' . . I 12-22-ltJ i_iB f ·:ttl· /5..? l_Q_J ;51: .. 2tf · .b ~K6o j·7.5'6 1 110 1 go~24 
, 3- e-- 71 ss 1 .?· ... vo rN :l{l) 25 . 6' '17-?.-;. /C}/0 21.2 11 {o · '"01· ,, 

t--3.:.71 1. 5'1 1 PI 12.1vl o I 1211 I 25 l.:.o IS76.~1·1.2t.Y, I /f-'1 I 1soo 171 
1 1 9 -1.1~71 I 37 I'll: l2_a51· o 1 ;6e 1 src 1 ·;t. 13ts,, ?36 llfrt ;o~o li.r 

'' /:2-lf-711.1/o. ·.J;:. 2to o .19.2 ·qb l·o ·2;?o.o g-.rg. I'll/ /O,<o 7.J/ 

,, 

'• ·- ... 

•.•'t •. - I ' 

I l' . I ... ' f_ ' 
r :. ••·""•••-- ·--··-_..........---.... 

. 2- • 

-----· 
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·' 
L!rx~ ..... 

,-~ 
(Continue~) .. 

f:t·.-:tL {!;'c;-/_ /8 .. . . .. Chem:ical Constituents 
. . ~· . . .. 1-ti.lliE;!:lJ\\s ~-, Utor 

· Dato ot . Cal- l>laBllO• So- car:. Bicar- Chlo- Fluo .. .Hi- Dis- 'l'oto.l Spcci!ic 
Source Collection ciwn sium dium bon- bonilte ride rida trate solved ho.rd- conductance p."f 

(COL). . (}Jg) . , (NOL) OLte·. ~(l~o3y (Cl) (F) . (tlO;) solids nass (micror..hos . 
.. ..... : . (co3) at 25°C) ! 

ML.0.-6 3-.3-7.2 'JZ /2' ... "2"6/· .. f( ~.36 -. 126 . ··7 I:JJU C'/11 l.zg lt~'6CJ 7.91 
II · c-:r- 7,? 32 j(.J . i71 0 ·;do -·71. ,.5 21 .f:~ fi?(, /20 /IOCJ 1.3' -' .. 

~-.J/-7?. 35. . /3. ~.ll!i 0 2.5'6 .51/ . '/.D.. J.U,8 0~ ~ 7_ (;. /fO l!t"tJ . 7.t, 
" 11-6-72 3Z 1.2 . 2'10 0 2.76 1'0 1/. (). -~3'l \ l/ tJ9& J.f(.) /t/00 J. s: 

MC0-7 11-6-67 28· .:5' 121 0 I'IJf /8 .3" g. e 323 9t..7 320 ~ ' II 
'-/- J ~,1 ·l~ ~ .20 . 10' /32 ·0· Jill/ 20 .j . 1._0 338 90 1/UO ,, ~ 

!.!..!.... 
" . /c}-7- tF! II .2 . 'I., 0 :;.Jo . Jo: .2 6.2 .if// 31./ 3.-lC) '/. '1, _., 
II 

. b -:?'t--..t:J9 .20 . .2 128 0 /.10 
.. :to 0 /J . .2 1..,.,,.... {.{; .l/t)O 17.9 . . o'-' ,, 

9· g"'t'l . /6". s. /IS 0 "1'10. . 10. 0 17.6 3-$1£) 60 ]50 ~5 
. II 

1-/2··70 20 t: .. 61 0 'jj'(.) /v; {)" /?.6 :J£:'.1/ et> 32.(.) . 7.5 . ,, 
6-23-70 20 . f: . /0.1 0 /2(, 1.5 .3 3{~£" '112 r.s 1/'/c} 7'/ ,, . 
9·;!.1/· 70. . /II · .. '1/ . /CO ·o· IJO ~-~- ·,2. .57..2 39/_ 60. i./0 7.3 

• .. J.;. 8-71" 1/0· 15.·· /ill/ [) i32 - /-0 .. /. . 2 77.,2 (,t/. /b{) 7!~1 ZJ.. ,, 
6-3-7/. _')g.· /2" ISS 0 12-'/ i.S ./'6 ¥66.~ ·f/.;o /9f . /160 7.0 . 

" q .. /J-71 6? PI /75 o·· /20 .:.·5-: • 0.3· .1/J/,:Z.. /u .16 .236 /j()O 7.2 - . 
II 12 .. 6-'ll ·J!6 . .;~..-. IY'tl {.;_ 1]6 {'.2 ·o 32!:"' f51£) It(; . 9-'!C' g 
• 3-3- 7.2 :JfO·.· ·y .200 {) ·/7,"!: 86 J/. /'i. I ,K 7i"' 11/i 9{)0 1.7 . . . . I. . 

. . .. 
6- 1-7?- .1/0 /J6 /.2:. ·. ·0 1" .. . vi) '![) <./ J5IJ,!j 73~ I?'B '/'C-10 . -

H 
<l~3/-7). .YO ·;s·.· 1711 '{). /96 .((-;' .. ·s 2 fll.ftJ 1'86 /60 9t-(.J . 7.5 -II 

11-6-72 . '1.2 /0 165' O: :2/2. .5.1/ .'l 237.f.. t28' /#"/ tJ¥0 73 
MC0-7.5 12-6-67 . ..21/ 12 J.llff 0 15v 2.:.1_ 0 /7.6 . 1/i/t..i IJt,') .1/(;0 1.'1 

II Jf·-30-68 ~0 /2:: /(l/ ... ·o /62 /~ ·.•"(l 6.6 3'1.2 /00 .lf,Zt) t.l ' 
• 

It ;()- 7.;..68 -/8 .. .. o .... 106 0 .ISO ·.s. ··o-. • f!. 303 16 360 17.2 
. . .. . . ...... . . . . .. .. 

... ··- . . . ··-···-·-- ····---· 
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APPENDIX E 

(Continued) 
.. 

Pt'H)..t lb c-/__l!f_ 
• I 

· · . · ' Chemical Constituents 
HilliP-" •aJ11s -rel:' Uter 

· · · Date of . · Cal.. }.laeno.. So- Car~ Dicar- Chlo- Fluo- Ni- Dis- Tot:ll Spcci!ic 
Source · Collection ciwn sium diur11 bon- bonilte ride . ride tratc solved hard.. conduct<mcc pH 

· (Cn) · · (Me) · (Na) ate·. '(liCo
3
y (Cl) (F)·· (tlo3) solids ness (micror.lhos 

· . · · · : (co
3

) ·. · e.t 25°C) . 

Mco-7.s o-'1-69. 16 s · ;;o ·o /J() Jo- o B'.s S7t- ~o I s?c:» 1.1 
" 9-'8-t9 ~f/ 7 it't., (.) ;coo ·S o c.6 33.?. ;ool_it'o 1es 
II 1-/2-70 16 /D 72 {) /50 /0. ,z /7.6 23'/ ~0 JAj(} . 11{ 

" 9-'2.3-70 /8 s· ;cv o /'iv .s o .i/~1 ..'372 C.s ~~o 7.3 

II 6-3- 71 .YO II /110 0 110 20 /.3 .:?.fJY.l ~3f 116 9/.C' '1..2 . 
'' 1-/3-?1 ~'(, 11· ItO 0 1."1/ ,<.5" ~2 ·1/C)lf,S 916 .1.C'I! /tiOD ;?Ol 

'' 12-6- 7/ .5'1 . /'1 .2t'r.? 0 /20 :<S 0 13~£, 916 .2t11/ /t'tl? JU'f 
II 3-3-72 '/ 8 13 ~/() 0 1'/0 .5~~ . 2 3/59 3f6 I 7.2 95'~; ll.tl 
11 b:..9-1~ •. '!,:,-· ·g . . 136 0 17;! '/'1 -<.1 176·.0 7{2 1'18 92&" -l 
•· B-31-1.2 112 i'l 17a o t9~. e~ •. :r 111o.g ?e! ;&o 9to· IU1 
II • //~ 6- 7.2 4k •/{) /.50 0 /'It ·70 . ..3 .Z· ')7.6 (.;.V It-O 9t}0 7.3 

JVJCO-- B /,'!-6-67 . . J/0.· 1.2. f/3· ·o 131/ /l> tO .:12.6 33'/ /5() 3(,0 7..3 
" 11-'30-63 3-l f/1 7S o 130 ~o ,6 · 176 ~u;r. Jilt? .1/r.:o 21 
II /D-7-68. ~g ~· 60--o /30 :.s () 19.8 . 3/,Y /0.') 3110 7.2 
" ·6-11·-69 2$ :s- ~3 o· llo ,?c) 0 · 7.S 30;! 9v 76l--' 77 
" q~ fl -t1 /?9 10 gs 0 /?10 /(.) 0 q,_7_ SC'6 L/0 ·3 7t..7 ~~ 
'' · 1-12-70 ·38·" ·· b · 17 o ·;,<o .10 o·. ·;3.2 27<J 1:::0 .::~u.J 7.7 
,, . 6'-.2.3-70 .21/. . i .5V 0 .. /fl) 10 . 0 17.6 3/.J 9t:.') 3/r..) . /.t 
11 9~2.3-70 :21/ {, so '() /,Y() /{.,-'). 0 7.2 .. 0 J22 8-~ 360 . . 7-1 

· II ;.....;;;.... 

12--22-70 27 . II ~~ 0 1:<0 13 ..:..? 2t..l/ 3~~ 112. 360 'lJ 
11 6- 9-'72 . 6/ /6 'il/ 0 12rt 46 ~./ ·.<'5"qj. 77t) l-216 8;}0 -- ~ 
" g -31-7.2.- 5i/ ·J8 116 .. · o /J/4 60 ;3 lgif.q 6lt> 212. et:o 1.1 

" /1-6~ 72 5'1 .. . /7· 110 0 . /1/ll '6!1 . ;Jj . 215,~ ·7t.76 ;J.,CII/ 7!0 '/.f 
·.. . . ~ 

- -~-- - - ------------

• _) • 

.· 
.·---·--·· 
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(Continued) 

Pc~K. 11 .~ Iff .. Che~~cal Constituents I .. 
H:tlli~·a111.q -oet Uter 

Date of . Cal- }laenc- so- c:u-:.. Dicar- Chlo- Fluo- Ni- Dis- Total Spoci!ic 
. Source Collection ciwn: siUJil dium bon• bonate ride· ride trato solved hard- conductance p.'l 

DRA{NliGE AREA 9 
(Ca)· . (Me) . {Na) ate'- '(llCO )' (Cl) (F)> (NO)) solids ness {rnicror..hos 

.. . . ' : (C03) ~ . 3 at 2S°C) 
(CANADA DEL BUEY) 

.· 
,. -----· 

Tfh·l/6 S-/8-t7 /0 '/' 'II . 0 80 ~- ::!.6 .. 9 /!J '12 /e"' g,o 

" s-· 7· 71 i6 fS .21/ 0 fj t_,'l 5 ,g /.8 /8'.!./ 7.2 17/o @ 
,. 

5-3-1.2 II· f 17 0 60 {. . ' /.0 .'/ /62. #I/ [=zJ6' 7,.3 
• 

DRAINAGE AREA lO ' ' 

~ (PAJARITO CANYON) ...• . . 
T~-18 5- 9-t.7 19 . 5' 'I 'I 0 /20 10 .3 .. 'I .:21'/ 7t) 232 7.~ ,, S-7-71 /.t' /0 It· 0 76 2.0 0 '" /~.If 10"/ :lt)O 7.V 

II .5· 3·72 ,'Jc) '1 /5 u 6e 3v 0 17-t 191. 11.2 :<.60 17.11 
• . . 1 . DRAIN/ICE AREA ll --· 

'' . ' 
· (WATER CANYON) n 

Am.,r. Si>r. 12-7-t? 16 ·/0 5 0 {:(} ·3 0 /.~ /12 go /c"'C, 7.1' 
II 

.1/ -:23 -69. ·;v .. ·r /tJ ·o Sf 3 ·o. .? . 1-¥7 39 /t-11 J.i 
II 

7~30-70 /1 . 5 ·J/ I . .1/ 0 56 (J - J/8 120 7.-l -Wafc:'r Cont. 1.2-7-i-7- /2 7 '! 0 1/6 ·:s .I Jt ·31 60 70 7.9 .. 
7-1'1-&? 6 6 9 o· /It) 0 0· .I/ /12 10 7.2 . 1.5 

•• 7-"JD-70 '€' 2. ·_ .If· 0 .t./2 0 . o· 7.5 6'6 3{) . ~L:, 6.9 
•• 7-:!'1-71 . 8·" .· 6 6 0 . 76 .2· ·,2. . .1.3 Cj~ ·Y'I 61 72 
,, . .l~PI-72 /0. ·7 6 () Ill/ ~ ·0 /.3 8'0 S,2 . 7-'1 7.6 
" 7- .'2.1-7.2 ;O 7 ~ (.\. 52 ~r· .J .q 3t .s..:z (t) .. .?1 
•• /2-.2.1-72 ' fi' ~ 7 () 52 ~I .;2· ·f /32. .s~ 7.2 ~0 

Near Bdo. Hole I/· /5 -·7i) . 12.· 5 /9 .{> /00 q_ ,q ·, 'I ·2-sS .50 7.Jli) . 7.9 
" S-/0-7/ II g: 25"' ·o VI S_ ·.:2· .,q /60 60 !50 7.3 - -" s· :J- 7J!. // .. . - g . 27 0 go '/J/ . :I . , JJ• . 16.2· 60 jt},2 7.0 

" 
--1--~- ------ -- ~ - - -----·---- - -- --- - ~ - - --
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DRAINAGE AREA 13 
(ANCI/0 CIINYON) 

A ... r. It,., cc:l tu; 
II 

. DRAINAGE AREA lS 
_(CHAQUEHUI CIINYON) 

DC' e.. s ,.,..,,c., 
" 

··-

__ ,_.. 

Date ot Cal~ 

Colloction cium 
(Ca) 

q-/7-&7 7 14-
9 -l~-7 I I i.· 

q-17-l·Y 12-
yj -1~ -_//_ /J;. 

. 

-

i 

}la(!DO- So- Car-
siWll diura bon-
(Mg) . {Na) ate . . (CO)) 

4.. 21 [i 

.t). 12- ~ 

d ~".! () 

~ ~I ·0 

1 .. 

Chemical Constituents 
J-lilli~ra11ts -oer liter 
Bicar- Chlo- Fluo- Ni- Dis- Tota.l Spccitic 
bonate ride ride trate solved hard- conductance ·PI 
_(~03) (Cl) (F) (1103) solids noss (micromhos i 

- at 2S'°C) 

~q z. {9,';1- .II 15~ 
~-{I 27Zt ~.Q 

. "7 /. 7- I, I .4 l.':ic.t' {..(I l /'1-o f]./:. 
' I .. 

t,~/. 3 t•,"l.- <.I /S3 46 I S'O Q-4' 
t;ft/. 4 0 ~ o.'i ~19 6_0 7.60 7,1-
. . 

. 

• 
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Radiochemical Analyses of Surface and Near Sur.(ac'~ uround Wat~r in Drainage Areas, 1967 through 19{ ,., 

_ (?a~ e ,I r~ -:1.4- · 1 r- ________ P_j,_c __ o~c~u~R~IE:::-s=-=P:-::E:=R~L::-:I::T==ER rr I ~g/1 

I Date ---~ Gross·' Gross 
Source 1 Collected I Alpha Beta I :aaopu I 239 Pu I u 1 Am I 326Ra I 234 U I 1 "Cs 

Drainage llrea 4 

eosr 3H 238lt 

(Acid-Pueblo Canyon) _ _ _ - 3 
1/fl',d w~,~L1 .. :~~-:7.2 .. _.l~L __ 14.c._· !:..~~.tJs_~ .. .Q~pz ___ ________ ......:::..___ · . !3.rto ~()4_ 

!.. f( I u- /Cf-16 - "3 toe;- L. ,os- .4~ - .. --=---~- - ·--=-·-· ~-~-(.~.:: .. _!.L L. {I. I,;;. 4-71 (s..·. 52 I 'll(f ?. CJ)t' - -:- . . - L3D<S . - !.6Yiti3 6..~.1-
L_u 4 -5-7? L ftlc, A .0) , 11 - .- - L: ~so - f,5rtti3 2c 
I II lttJ-lt-72 "3 1111 ~.o-s ,72 - -- ·· ·- ~3-'b· - ~/XIo3 1 •L 
[ew•tlo I I 4 ·It: -76 L { 17 ~,()') L. .o:; - - - - - k/ xro~l ,.) 

I . I I 
t1 , (I~ f'l-7o L..f 2~ <. o~ ~,os- - - - - - ;t:.! X/t?.li /,/ 

I 
. I !------

'1 t~~f'f-71 Lt 7 · ,07 o<l . - _. - .C3co -~~/.r4Y!<4 r ,, l_t-?-.-;2_ •t . '0. - ,ft.. :13 - - _. - .(3:>o I - rt Y(o3f~,z. 
. '' _ __ (! --~!..:7-::e._ L. 1 I 1 • o<J ~. ~:r - - - .( 3 -=b 1 - k' 1 ,r ~~ i . "2:. 
IPlJ.ehlo1- 4-t~-7tJ . .C./ ;1./ L,or_ ____ ~J..C!.l. ___ __::: _________ _;_ - - ; :.._ kty/oJ[i,'3-c_::;:: ll-l_&f-7o I £./ _j_y .t(.~5:" ,0)- - - - - ·- ~(Xto-Jl<.4 
~-·-·-'-· _jq_:.!.?_:?.f_ --~! __ _J~ __ ,q]_ f,t>c_ .. -~- ... =-···· ·=._ .. ~~6· , .. ~~~I tf/o~{,-;£]_ 

-- --~;;-j-t~~;.;~ · : ~ · · . ~ ~ -:·::;- .. ~-;~- ····:=-·· -.. ~--' ~ : ::; I -=.. : :~ ;~~::~ i 
Ll?yehlo3l 4--16-76 ~ I I 0 ~:.t}S ___ ~_._q_rz: _ __ __:_ ___ ----=---- - . - · i - :l'...fl/~4 j 

/1-19-7~ I L... I I "2... 4. ,0$" ~ .os - - - ·.- l - :(../ l/o3! I. t> I 

• 

Jl 

-~!.'1:.7/ __ ~ '" I 0(. . -< '05' - - - L3.50 ! - i"'f X to3!-<.4 ! 

=--,.~~-- J 1;-:,;~l~fr- f~· --~ .. ·:~~ L_:~~ . ~-- .... -~---- ~ _1;3;~ i-=-- ;;;_;;~;_~tl 
'• 
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_ fJc~1 7.. 6(.. 2JI- I 
l __ -- PICOCURIES PER LITER ~ _.lygll 

I Date I Gross Grosa . I L 
Sou1·cc : Collected Alpha Be.ta :a~·0 Pu. 239 Pu 341 Am. 330 Ra 234 U 137Cs eosr 

3
H

238
U 

t-;-;-:-:-L1::!_?.:70 --L__L_ ~L k~.~- f_tJ·¢1L -·· ~ ~ .__::___ - ' . __.,.. . ~~ktJ4_ ~I . . ,_ • 
! It l {1·19-7o 7- q L.,CJ"j /-..,()';) - - -- ·- l./)(toJ ,5 .... - .. -·---·--- -------·· ··--·····-. ··--· 
i 11 I 4-c;-·77.. "3· · 7 L..os _~09 - - · -· L3~6 ·- <-/,rto:J 3.3 ..... ··-··· -
~ 1'. lt• -11-7.1.- ~I (, .t!..o:,- .C..o-, - I ~. - ~ ).>~ - /,Sr/•3 , "2. 

fJo-3~ 14-tr,-lo /_I . 7 -<.os .<,oc.; - - · • - - · - !>!JD31.(.,1:_ r _l, ltt-{'f·7t1 L: ( t7 <.o~ /..,05" - - - - - 13A'It1:J~.4. 
! - I 'L4 It ! jP-1~-71 L..l t. ,0) ~.oy- - -. - ~ 3~ !l4. ,t/o)i , 

,, I 4--5-7z L. t <.oy .o~ _ ..... " X-J:ro - lttt .r'"]r;.o-
- ~ a ~jo _:{!: 72_ < "t · §' · , 2'2. ,o, - ~. - .c. 3)6 - lnN•3 f<::._?. 

- ~ ,6~ .t::. ,(75 .- - ~ r - I~IXtoJI f,s-

~ . ( .bcj -···-- !..~-~---·---'==----~ ___ :- ... ~)56 i - ~-,-;,o-> [.;.t) l 
1 L_.65 ,or .. :-. _ . ~-"=- .. -· ... ':". ... ~..3~.. .. -:-_- . I~ )'113_1

1
=.!?::,. 

't> . L,O!J ,(,d'S" - .- - - - kl YltJ.J ,_s-j --1-------·· 
1L_K-p.os-__ -~ ~~-- -····=-·-····· _____ :_ ___ __! ~ - · - ~ tvio) I_L_z_! 
·IJ_ 1< os~ I< o~! '--- - ·- ·- - < !xto"3! , tf I 

~::: I~:~; I ·-- +;;- ·-i ··~ ... 

7 l.s_,_~_r_J~l ~2._1 --=--L .... -j - . L . - ~ - <-t X I o3 t .!~~. 
· 9 I < .0 ') I .( , o 5 I - I - - I . - i -- < I X ro 11 , 4- I 

I <.o~- <. o) - ..- " t.. 35o ! - ~ l ~I~ <, 4-1 
l ~ os- /, , -· - · - - · r- ·I -- i - 4 i -·· .. _ ( - .................. ____ -· ' 
(... I I;- I ... . . ·I ! - I ., 

---·--· _ · -<. , o~-::: ~- ..... · · . . .. . . - - .. l_ ,_ l _ - __ I ___ . . __ ' ~ ,. ·8- • 

.... _____ _ 
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Date Gross Gross 

Sou1·ce Collected Alpha Beta 

{k,lf ~ ~ ~:12-~f:5L J I .4 
·~·---

i I• 1 u - II-(., lj < I "3 .... . 
I /o -'""Jc.•-!v <I' -II ~ 
1--·-· 
I 

'>-. 7-1/ 

I 
., '2.. '2 

1( tt;-'31-71 "- I L.. I 
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< I ·3 . IC 2-/7-7'7.. I 

; 
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--··--'.2-. ---~--- --~---·· -c. • 0!7- t._ ·o5 ...__ -... ---
/ (>t; I ,0] - I : _. . ..... --(_ o? ( oc; - -
t_., 05 L - ~ -~ ,oc; 

(_, 05' - -c... Qt.- .--
I '/ 
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'-,0'5' . 1.... ,o? - - -

-
. 

.. 
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·-·· ........ _ •·:·•· ... --_-...... ................ 

---· -·--- ---··-- ·-·-···----· 

: 

---- -----· ---

I ·- ... ...... -........ _. 

~· 
Pc II -··~7../C ·"" &._.1 -- I , 

~g/1 

l:ll Ca 80Sr 3H auu 

- ,... - .J ,(). --. - - .1~~ -·-·--· ...... ( - ...., - tJ.4-
. --·-

- t"""' - 1~4-
_... 

~Jyto3 },8_ -
<s6o .- ~c. Jx 1o~ 3. 4-. 
~$57.; .-- K I '(I~ J.,b_ 

I 
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! 

. ........... • • 0 ....... 0 

.I-... 
1--

I -. . 
·. i~l 

I 

' l I --r i .. 
I . 
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! I 
I 
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I . 

I I 
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APPENpiX F 

r----------- (Continued) 
I I . PJCOCURlES PERLITEit___ p'!.~ 4-Pj '2. C/- ~g/1 

1 :!1 Cs 
I I 1 -I Date · Gross Gross 
I Som·cc r.ollcctcd Alpha Beta 
. Drainage Area 5 _ _ 

~
anyon) I :31 -
~_:l_L./J.. ~7.~~.7 ·- ___ &_';! __ 2!~.z~.o .. .. ~J ·~'---· .?4·!. .... l!_2_q ___ ~_o,Js--:. ."}_~_.J_· ::!1/!!-6 __ ~-~-~~~ ~!z.l!~_, __ 

• I . ) 
; • ,. 1 If-3o-'~ _ 7 ..2~ 1)0" 1 .>3 '-· >z f. 'll ____ -~.f?.:. --~'L- _:~-~-- ?:.~!!!'>. ,,!!'!J(~-- __;:::__ 

i ,, I 4-l'tf-t,fl' 7q· 9. ,_~o '1.37 7t..' ~.4t ,2.J 1~4- Q~. 11.:1~.~ ·297 xtol ... ':':'. 

F~-- I ICJ-'I-t:,$1- ,, I 7'1.0 /.{js- 3.3 "?,/3 L.,/S.. ,,,g lJt>ct'l fJ8tJ 3111~1~ - I 

If I 5"'-S"-"~ Z3' ~ 170 ~.7/ I /3./ 4.6~ ~./y 7~.) "3.>~ .J.J.!p (,~~!~3 --

aaeu 3H eosr aa•u 239pu adAm a a ella aa·aPu 

~-';,--b9 11/.. ~ 9'5l) 4-,76. 11.1 J-,2o .~2. l'i.~ 5;'7~ .~!_o -f"~)ID3:. -
-- I I 

. ll-4- -{, 9 4- I I t,6 · '3.25' . 3,/ I .~s- - 1.D I l-7, 4-3d '"" ..r/o')j_.:::__ , I I 

1 
1

' {p-2cJ -ZtJ 5" I, ").'1-o __ ~~.lfJ_ ---2::.~8 _6.1.~ - q,2 '11o ~() 1~6-~to~ _:_ 

1 
" _~-If ·7o _ • 7 U-6 , 7l /.&ff , t'/) - /3.5" _ _y~~~..f!!'X/•31 _:__ 
1' __ 1._-J4-?..o /2 s-1o ,72 ~-31 /,3, · <,/y 1~:1 2.~t. 1 A.lfJ 'z. .rt,~J--.:: 

I 

L.-
., 

. 
I ,, 
I 

·- '' /l-17-7f? __ ]._ ~I o _ ~4._ ..... __ /;S:3 _! __ ,..ft?.: ... __ ... ":". /O,j . __ 3St> l fs>l()_ 7$'0 Xto'i - .. 

'' ~?-1~7o I IL __ "l.,l-lo ,'K'J "').,,z /.~3 .. -~~.!> tJ.]. t,~e~6ll,lt~t> ~!DXII:·_'.I _ _:__ 

" __ :. -13_~lL _ "- j __ i_f!!__ • .f-6 • t,~- . u - . 'iz l._kd.J.. 3t~ ''~'.tt~_:_l 

-----;-:-- -~--~~!~- -H~-. .?~~- -;:;- ·i·:; J:~: · ~;,, ~~~ -t:~ i-;37 ,~~!::t~ [ 
~-~ /I- 4 · 7 ( · Cj /~J-~.!L -· _• ~--~ ... _ ...... •.}~_ .... _.!.'6l:_ .:~_!_!.!:_ .. Lf!..!._f. __ .. ~&>o ! ~6PZ. ~ ,rl~~~~! 3 ! 

I ' • 

~1/-31.<:,05"" _,5'3 - - - L376~- 'IJ/1D.(ID3j_/~_.j_l 2 ~17-72. ., 
2 

, I ' . 
~i 7-~1.~71,_;; t}.9{,£.. .)Cf /t..z · ,s-, - - ~3s-o i- is-nto3; t.7: 

. · o-~~ -~f~~~ -1 ~--~ 4- . ];~~; --~~~- ~a:.: ~·;~_.:_ ~ .. ~5- -;;~4~: l~~:·o t:v J ~~;~) ~~ j 
• 
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r--- ---· - p~ 2 ¢:.. 2.4=__, 
j • l ·- PICOCURIES PERLITER-· . I ~g.£:_ 

Source 
Date J Gross Gross ' I I ,. 

Collected I Alpha . Beta a 3"epu 239 Pu 341 Am auRa auu 131' Cs tosr 3H a a ell 

[)~: z ~t~~z:-=; . !! {;~ .. ~q};·-· -~:!!··!·· ;~:~~2~s~ 1~~~-lj~-~- ~;-:_' ::~1 : 
~- " I 'i- " -H -:z. o 1. 3 u "3. w 4. '17 2. 11 .t:. ·' r :;~ ,-1 -z, '"' '3> :!:!_ ?i ll'Y '"''-· ::: _ 

i 1• ~->-(;,9 .1/4- ?c;t> ,$C)_ "J...,Jf f,?../ ~,/;;. ~f,':) - - f42,f/O~ -

!,, ?.-/t,.·7P 1'2. J'":l,'fo 'J.o4 ::l.33 /17 ~.ly 12.() 1¢6 G'lo SiJXf().,,-

'' I ~-14 -7o t1- -~ S"9o ,.23 .33 ,/9 - /o.Ci ~;l~- IJt/7- 2~;;o,l -
It I 1-)(J-7/ ~ (,/1-tJ §",(p4 .7}.. ,2j- - 2.,// 5"2.3. "371 ;19S'XIt~"'i _·· 

i 
I 

0PS- 3 /2-_".T-f.L 5 ~~7L. __ ..:2L. _. ?)._, ~ ·~L~· Is- qJL "3/o j? 2Cr.~.ll.XI~ __:::_r. 
'' .1.:.~ ·(,? €- I 56 , ).4 . /, 71 /. f.~ , 2./ I 3. 'f __ j.._f" t,_p_ ~~of 7o 163{. X .4? ~ --~--

1---"---~_:jt:t'-f,j__ " :l.'i 2(> '' _3, 4f }, 17. _ ~I/) ~~s- / JJt> 13 ~9(> !t/~_-!_ bf_.::_ 
r ~ . 

1
' S ... ':L.:.ie.~ . I D ~~~ 0 _l--£3_1.. .... _f. 79 __ ._2. ~5rL ... . _ .. d_'l ?. '1,4. _f ,I /c;, . 5-Jo S' ~ if' lot -=.. .. 

I . ~ J " -~~-2-t.1_L)._7__ --'l?4o , 79 2.1' 1-/' {)(J . -~·.Is , .~-q, f !>-~ S"ob 1 1~ ~~~~-__:--~- __ ?_.-_/f_:.?.~--1-4.5.: _ _ld~~ ~I &.o /. 94 j, OCj ~I 1.) i /~ 7 ; 36 ~~:b J!?~_,(/~L - I 

i·o,;~~i- -;';:'~-~;~ ..:~ ~>--;;;;-- ---:~e ---::;- ~/! ·· · .~; '-~!s- :!!-+!~ z:;::~: ~_I 
•' 4-· 3tJ-W ~- 7 ?6. ----~.r:>J _____ .IC!:F.._ £._,!5__ .. --~1J~- .. 2!~'-· ~.2*> ! )-rz 'Ji_!lo~ ,,....::..__~ 
" 1'31-tfl q ~26 ,/J ,,, ,// ,19 3,1? ~246 \3.f2 ;.273-"''J ..... ! 

1 
,, _ 7---~~ff. ___ :/. _ _i~Q_ ~.C>) ,6f1 1 /1- .(,,,_ ?.1-6 ~24o; "271 ~~~(lo~ - l 

_ •• [5:-> 't-f 3 {3, ______ ..~..//.__ , /C, , /~ .. ____ - -·· __ 4_!.2.~ L~46 j 5"fff j7o4Yiol - ! 
·- -~ - . .1 r,r-">_-t,y 2-=-. = .... !."~~ I~~-:;---'- S3 ·-?-?.. .. > .... ~ . :z, '-~ 1_~.24, I - 1~7?.-~(~--~ _j 
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APPENDIX F 

(Continued) 

...---------..-- -- --··· P~ '·7' 2'~--, I 
1 1 PICOCURIES PER LITER !Jg/1 

1 :II Cs I 
Date I Gross 

I 
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Collected Alpha 
1 

_ 

Gross 
Beta 

838l' :.H eosr aa"u aaeRa UlAm a a·aPu 2311pu Soul'ce 

_ T}Ps-1-Ut>. :::.?.~-~-~1-. __ 2 __ _ ?._{¢.. ____ 1.~4-.L_. _P.~r9_ __ .. ~J.z __ ...... o.::. __ ?..:..~:Lr!.24t? __ _.::__! r~yto3 -~ 
l., · ! ~ ~tc. -·7t> ~ZL- 4c.fL~6s- ,J:I. _Ll'l ___ .... ::: _______ .?:.:!!_!_ -=-··· ... ':. ... · .. ""'-~--~'!_~ ,.. 

l I ~ -:J. f-7o ~ 2 4L.,, I lo ,54- , '3 7 - /. 23 ~2So _ _::: •117 J(Jc3 ___ r-:_ __ 

r··· - I -$. {4- 7o ~ I .{-~ ,(4- I 09 I /2 - -- I ,30 L.~2() ~00 '*X ft>) -
I 
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'OS? -. /. ~ ...!: 3?<> I :HY ,/2'-A'I~.ft?- I 
'7 - - - ~)Go i - ~wtclltf...c 

1 , r-
.. I 7- > , .. 7 > I "2- 571 -· ()~-.. - Jf. L ·-'-~- ---·-= ' < 3,0 - I J6 .\' /a3,3_._f . 

It- 'l. .. 7 ")_ i ~ 7'/ff o'1 ,)../ ~. os .,., ... ~ 370 - 73.s-J-t~ I, s--
PPE-STP 11}.::.5.'~~ ? __ ..:;I_ .L t1. L .05 L .os- . ·~ ·- .. . ::_ .. . _:_ . .. - - <: >~ ¥ ;~- , £1 

____ , ___ 2..:._~~2 __ ___2~ ~0 --~-:_~ ____ -5._,_~?:_-···---~-----··--: ····=·--· - - - L>o)(t, 1 ~9 T 
~r'>-(/j ~2 /3 L.,CJ~ L....DS ,07 - - - - ~SO~/~ /,31 

----, I 

7.. -I'-7 6 . 3 . {4- __ ,_J_f__ _ __ .__('!-___ -~? ____ ----=- ~---=--· ·_ . - s-.r to31 . ,£i -
I ., ' 
\ ' I . . . 

I I 

·''-~!_ 
'2j' I 
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