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Congress allocated 5 Years of funding to
States and Tribes following the Gold King
Release (administered by EPA)

Water Infrastructure Improvements for the Nation Act (WIIN Act)

o Montrose

COLORADO
WIIN Program has sponsored projects [

to learn more about:

+»Status of water quality conditions
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¢ Defining risk and informing management

¢ Predicting where or when adverse levels
occur

Projects designed by: / " \"”‘5’?«,%
* (Colorado Dept Public Health and the Environment <
*  New Mexico Dept. of Environment A e __ ChacoCulture

s  Utah Dept Environmental Quality ke G el -l

* Navajo Nation

*  Southern Ute Indian Tribe
* Ute Mountain Ute Tribe NEW MEXICO

Visit: epa. gov/sanjuanwatersheds to learn
more about current and completed projects
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Tributary Area (mi?) | % SJ Basin
Upper SJ at Navajo Dam 3,260 9%
Animas 1,360 4%
La Plata 602 2%
Mancos 785 2%
McElmo 705 2%
Chaco 4,353 11%
Chinle 3,725 10%
Washes and Arroyos 23,510 61%

Total Area 38,300

Contribution to Annual Flow Volume

Annual Flow Volume (acre-feet)
Hydrologic Year 2020

Upper San Juan 410,932

Animas 313,708
La Plata
Mancos
McElmo

Chaco (WY1991)
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Cottonwood Wash...
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The Animas is the
largest free-flowing
perennial river in the
watershed

Most of the San Juan
tributaries are
intermittent or nearly
so and contribute very
little water to the San
Juan River on an annual
or daily basis




Climate influence on flow volumes and timing

Compare River Flow in Time (note difference in flow scale)
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Intermittent flow with Morc;sogna? Rainfall

e Short, rapid flow spikes associated with
intense rain events

* Flow often retreats to near 0 between events

* May be very local involving one tributary or
“widespread” involving many.

* Chinle Creek is one of the
larger intermittent
tributaries

e Can contribute as much as
40% of the flow in SJ at

Mexican Hat during the

largest events

Colorado i

Arizon

"New Mexico
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WIIN Water Quality Monitoring Data

WIIN funded San Juan Watershed Monitoring 2018-2021 Utah Clorado
39 sampling locations
10 sampling campaigns
Fall 2018 through Snowmelt 2021
Sampled a variety of flow conditions

Fall and winter baseflows
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EPA involvement is winding down but the program will be
_going forward under leadership of cooperating States and
- Tribes
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Animas River is a significant contributor to flow in the San Juan River at Farmington
most of the time

* Below confluence in Animas as Portion of San Juan Flow at Farmington
Farmington: o
* Median: 40% . 07
+ Commonly: 30-60% 5 i '
* As high as 95% £ o2 W
8 01
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The importance of the Animas River in maintaining flow in the San Juan has grown over time

Animas at Durango Portion of Annual Flow in

° Animas portion Of ﬂOW San Juan at Mexican Hat
has grown over time >

70%
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Where does water come from on annual basis?

Annual Flow Volume (acre-feet)

Hydrologic Year 2020 Within
Animas
Upper San Juan 410,932
Animas 313,708
La Plata
Mancos
McElmo
Chaco (WY1991) Within
Chinle San Juan

Cottonwood Wash...
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Annual Water Volume (acre-feet)

Annual Water Volume (acre-feet)
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Abundance, atoms of element per 10° atoms of S

10°

Metals occur in all rocks and the soils that weather from them

Average crustal abundance across earth
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the chemical elements in -
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Includes: Major, Trace, and Rare earths

Concentrations vary significantly at more
local level reflecting rock origins
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Geology is the main source of metals in water

All rocks are primarily comprised of metals San Juan Mountain
Colorado Plateau Rock types vary in what metals are present Volcanics
. * Form of metal (dissolved or
Sedimentary HTE TR RO DR e R e e Gan s Loog solid) is highly dependent on pH
« Generally “silicate-bound” | Wotedasiad o patioinga unction of
* Rocks erode and enter stream as Rock Type of Project

, © Dissolved

‘Watershed Area
Juan Watershed Boundary

particles of varying sizes

Dispersed and
Aggregate)
(@] o
., Colloids

Settled colloidal
aggregates

* Metals weather by groundwater
leakage through sulfide-rich
mineral ores and mining waste

A. Model Predictions
s © HFO-1.0 giL

} o 20
ARIZONA 4

Percent Sorbed

NEW MEXICO
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Metals in Sedimentary Rocks — Mancos Shale

Relatonship Between Mancos Shale Composition, Soils, and
Sediment in the Upper San Juan River

La Plata Mountains Bloomfield

- San Juan Mountains
Farmington
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Mancos Shale Metals Composition (mg/kg)

Mancos Shale

Mancos Shale Mancos Shale Zing, Zn
. . . Lead, Pb Arsenic, As 140
Metals in river sediments and water o) 20
. . ] 120
generally reflect their concentration Y 3
in parent rocks 2w S .
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5 15 g $
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Metals in Sediment Within the Bonita Peaks

. .
Bonita Peaks has Bonita Peak Volcanics

complex local

® Rocks Sediment

geology associated 1400 Ore-Related metals
with volcanic 1200 Lead
i E,
formations S 100 Copper
* Ore veins create g &0 Zinc
locally high £ oo Arsenic
concentrations of ¢ 400 Manganese
. =]
Q
some metals which 200 Cadmium
can affect much of L _ B L
the stream network ns cu Pb Mn Zn
in that area
* Metal availa b|||ty Lead c Arsenic
has increased due 3,500 o oo 140
to mine tunnels and 3000 180 120
Wwa Stes “-‘53 2,500 E 160 g 100
E o £
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Geology creates a longitudinal gradient of metals availability within the

Animas/San Juan Rivers

USGS Soil Metal “Heat Maps”

Lead in Sediment in the Animas/San Juan
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Aluminum in Sediment in the Animas/San Juan
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Metals in Streambed Sediments

Lead in Sediment Arsenic in Sediment

10,000 o 100.0 ° Barium in Sediment
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Status of benthic macroinvertebrate communities generally follow
the trends in streambed sediments

NRSA Index
assesses
various
components of
the condition
of a waterbody
including
aquatic
invertebrate
community
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Water Quality Considers Dissolved and Total Metals

e Standard process to determine the

0.45 micron (um) filter

0.001 micron (um) filter

1
Witer Filtration Types vs. Sizé of Common Contaminents
1

dissolved fraction is to filter the sample i [
through a 0.45 miCI’OH (I.lm) meSh Reverse Osmo]SI:anlonlna”cln Ultralllll'atlcu'tI :Jm_u EII”aJiu“ J Particle Filtration
) 1
* Dissolved metals more closely i ~ j T el
approximate the bioavailable fraction of : AT e Dot
metal in the water column =L 5 : T
queoudSalt Beach Sand
. . * Carbon Black . : ks Pulverized Coal »
e Samples filtered with the standard 0.45 , e i > o’
micron mesh may include some of the " 599"0"15' nanopartjcles P secicoanwts | S’ [Vewewo ey
. . . . . Molecule olioidal Silica 1 round Tale =
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Atomi L . Pin
F:ladli : = Atmosphenc Dust i » m
D I S’SO LV E D : is Asbestos | - Prolozoan lc‘,rsts .

i : Endotoxin/Pryogen : Red Blood Gell Diameter

Specific Surface Area & - - e T - |

Atomic clusters  Nanoparticles Macroscopic particles : o i i g
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Change in reactivity / arb. units

Typicai water contaminents grouped by color PARTICAL SIZE in MICRONS

Adgptation of Water Qually Assccition o it
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Total and Dissolved Metals are highly correlated with Suspended Sediment Concentrations—All Metal Groups

Total Lead, Pb Dissolved Lead, Pb
® Animas Durango downstream ® Animas Durango downstream
1,000 = San Juan and Tribs 100 = SanJuan and Tribs
[
. [
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Total Concentration in Water

The mobility of metals from various sources and
Y ) in th mechanisms along with the varying hydrology creates a
ater concentrations in the wide range of metals concentrations at most locations in the

Animas and the San Juan can watershed within the annual hydrologic cycle
vary widely during the year

e \Water concentrations in the
San Juan can be as high as in
the Animas 10,000

. On any day: Animas >ISan Juan

* The Upper Animas is largely
geochemically processing ore-
related metals delivered on a
chronic basis

Zinc in Water
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* The middle and lower Animas
have a mixture of ore- and
sediment sources determined
by hydrology
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Total Concentration (pug/L)

* The San Juan has abundant
sediment and assoicated
metals with a low level influx
from the Animas
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At baseflow there is
a strong
downstream
gradient from
headwaters to Aztec

Total Concentration (ug/L)

10,000

1,000

100

10

The mobility of metals from various sources and
mechanisms along with the varying hydrology creates a
wide range of metals concentrations at most locations in the
watershed within the annual hydrologic cycle
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Total Zinc

O Baseflow
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Distance from Animas Headwaters (km)

pH

Baseflow

Factors influencing:

* pH causing
adsorption (dissolved
to total)

* Low Flows causing
deposition

Annual Range of pH

}

Jarosite stability

—Animas > ~Sanjugn_
16.4 94 162.5 196 246 296 422
Distance from GKM (km)

12.4

A. Madel Predictions

100

Percent Sorbed
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At baseflow there is
a strong
downstream
gradient from
headwaters to Aztec

During showmelt
the general level
of metals is higher
and similar from
the Animas
through the San
Juan

Total Concentration (pg/L)

10,000

1,000

100

10

The mobility of metals from various sources and
mechanisms along with the varying hydrology creates a
wide range of metals concentrations at most locations in the
watershed within the annual hydrologic cycle

100

Total Zinc
O Baseflow A Snowmelt Mid

O Snowmelt Peak

A

] O O
g 1080 w8 5 g
@8§ ok nR BR B 8 o
@ O O

O Ogooo 4o O OO o o
Animas > San Juan

O

150 200 250 300 350 400 450 500 550
Distance from Animas Headwaters (km)

Snowmelt

Factors influencing:

e Dilution due to high
flow volume

* Mobilization of
previously
deposited
particulates

* High transport
capability
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At baseflow there is
a strong
downstream
gradient from
headwaters to Aztec

10,000
During snowmelt
the general level of
metals is higher and
similar from the
Animas through the
San Juan

1,000

100

10

Total Concentration (pg/L)

During stormflow

there is a strong !
increase in metals
through the San

Juan associated

with sediment

The mobility of metals from various sources and
mechanisms along with the varying hydrology creates a
wide range of metals concentrations at most locations in the
watershed within the annual hydrologic cycle

Total Zinc
A Snowmelt Mid
O Snowmelt Peak

O Baseflow
X Stormflow
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Distance from Animas Headwaters (km)

Metal Concentration (pg/L)

Total Lead, Ph
® Animas Durango downstream

1,000 = SanJuan and Tribs

Animas = 0.257x%7358
R?=0.59

100

10
San Juan = 0.1022x%77%4

n R?=0.84

1 10 100 1,000 10,000
Suspended Sediment Concentration (mg/L)

100,000

Stormflow

Factors influencing:

* High streamflow
mobilizes sediment

* Monsoonal storms
generally impact
lower Animas/SJR

Office of Research and Development



* At baseflow
concentrations in

the San Juan are low L
Total Zinc in Water

10,000

. .
During snowmelt Animas > San Juan

the metals delivered  _ &

from the Animas B 1,000 o

determine the s °

metals B *

concentrations § 100 See / —
through the San 8 ..."oo.....

Juan generally g 10 .“00.¢oooooo

Baseflow

e During stormflow
metals are entirely
related to sediment

supply

0 50 100 150 200 250 300 350 400 450 500 550
Distance from Animas Headwaters (km)

< EPA Office of Research and Development




Movement of Lead Mass through the Animas / San Juan Rivers

Mass During November Baseflow
ix Total m Dissolved

Lead, Pb Animas 43% of Flow

: * Metals mass often gains in the San

Baseflow 2 : Juan at baseflow moving westerly
E due to increasing sediment load

* Load of most metals is low

. i g g
By L e O
0
Animasbel Animasat Animasat Animasat Animasat Animasat Animasat Animasat S)above Slat Slat SlatFour SlatSand SlatMex S)atClay
Silverton  BakersBr  Durango  SUIT 19-3 NAR6 Cedar Hill Aztec Farmington Animas Farmington Shiprock Corners Island Hat Hills

_ * During snowmelt, concentrations
Mass During Snowmelt Peak --June . .
nTotal = Dissolved decrease but mass in transit

1,400
Lead, Pb Animas 60% of Flow

1,200 increases through middle Animas

Peak § som
- and stays about the same all the way
Snowmelt : ™ through the San Juan River
= 4
- 200 h-. - .,
o e g e et e s o e e swer aa st v * During storms, mass increases
Mass During March Rain Storm wherever the storm affects rainfall
1,400 Fotel =Dl as sediment is mobilized
L200 Lead, Pb
;.;;: 1,000 .
Storm 2 * Mass in transport can be greater
H . during storms than snowmelt
a Animas 12% of Flow
200

Office of Research and Development




Annual variability in metal concentrations in the bed sediments within the Animas River....

Concentration (mg/kg)

Zinc in Sediment--Animas River

L] L] L] “ L] ”
v * The Animas River is “sticky” for
800 the labile metals
700 -
600 . [  Temporary storage accounts for
500 3 — . . . 0
00 X | wide variation in metals at
= T
L T ° ) [ ]
300 X . X 5 T Animas sites on an annual basis
200
100 X WASP Modeled Deposition Within the Animas River
T 15,000
0 s,
- —_— ‘fp,.r
tgc é‘? _3?’ {'.f‘a @é 3 & § 4?- %10’000‘*'9;,@
§ ¢ & § & £ &£ & & 3 :
5 ¥ 9 > $ s & e & g : %,
Py @ @ S S & 2 ~ 2 %
<& @ @ < & @ 5 %, 3
& Q'@ Q"& g Q'@ @ Q= ,6& @ g 5,000 %, @lk& %
v T ¥ T & Al Q? ¥ 3 ‘e'}- "“w %,
v o T T T TP T e [T ITTTTTTITITTII I,
uao EBFJ REB2E8E8850nASANSeTNNaaABRRIRAEES
Zinc in Sediment in the Animas/San Juan SEARSSAAS S H(:T HHHHHHHHH
900
800
E 700
oo b Is d
el . . . but metals do not
o
g H é generally accumulate in the
§ 200 = H QH 5 é San Juan River sediments
100
] X = R & B W =
°**§g% srenFrasBfessne®=  (move through)
S ¥ ¥ E 3 E G § EE § E S 8 : 82882 89 %0 wose =k
RS RN ER LSRR N RN R PR RRE R
258 2 3 x 5 ® 3> £ 83 28 =23% 20 5852 88 £ 5 ° 3 &
$3cegcse¥tfofeflgzzcoes 3222238 £
< @ < % g < s g = a2 2 g’ 3 @ 3z =
] < -
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Lake Powell as a sink for sediments and metals from
the San Juan WaterShed Core 1 San Juan Delta

Lead Concentration

e Each hydrologic event produces another layer “1-2
of sediment in Lake Powell 50
. . 170
 Two WINN projects have looked at sediment 245
cores in Lake Powell for evidence of metal _ :;Z
. £
sources in the watershed < 410 23
. Lo G 460 22
* Univ. of Utah looked at existing cores & 490 2
. 8 515 21
* USGS performed new coring to base of 5 50 2
reservoir £ 6% 23
> 745 23
* Both studies have concluded that some layers § 745 24
. . . . . = 810 22
contain evidence of volcanic ore origin £ a0 23
- : m
(=) 935 24
* USGS most recent study: “The last century was 1,000 -
much worse than this one” 1,080 21
1,125 45
1,155 30
1,220 13
1,480 11
The Mancos Shale concentration of Lead, Pb

lead is about 22 mg/kg

Office of Research and Development



Source of Metals in Lake Powell Sediment Over the Course of a Year
University of Utah Study

Portion of Particulate Load In Sediment Core 2 (~1.3 yrs)

100%
90%
80%
70%
60%
50%
40%
30%
20%

10% e I

0y, N - = - . B

Al As Cu Fe Pb Zn

All Watershed Area undifferentiated
m Southern Tributaries ("Unmined")
B Northern tributaries ("Mined")

Northern Tributaries 9% Area:
Animas, LaPlata, Mancos, McElmo

Southern Tributaries 21% of Area

Chaco, Chinle, Rest of Watershed Area:
The Animas contribution stands out during snowmelt 70%

Metals apportioned at the sub-basin level over the annual
climate cycle show reasonable balance with the mixture of
geologies present in the watershed area

Office of Research and Development



Aztec Reservoir, NM
Trench 2: 2018
137Cs (mBqlg)

0 5 10 15 20 25
There is some evidence that metals have declined in river water J i
and/or sediments over the past 70 years ol
Aztec Reservoir Coring Project—USGS 2020 5
§6°' = .
Up to 90% reduction in Copper, 60% reduction in Lead 0l "
from base of reservoir sediments (1950) to top of sediments (2017) "
100 F e t
Change in Metal Concentration in Aztec Reservoir Sediments from 1950-2017 a5 +A |
Trench nearest Animas Intake (#4) Gt
40% - @ 137Cs — detection limit
g 20%
o Cu Expressed relative to earliest sediments at base of reservoir excluding

Blake et al. 2020 Environmental Earth Sciences 79:404  https://doi.org/10.1007/s12665-020-09126-9

< EPA Office of Research and Development




Sample Value

Water Quality wal=  Logy ( )

Criteria
» State and tribal water quality criteria vary wal > 0 : Metal concentration exceeds goal
as to emphasis on dissolved or total metals WQI <0 : Metal concentration within goal
* Aquatic life criteria are most frequently not
met
* Dissolved criteria are failed more
frequently
Agricultural Use
4
3
4 .
Animas > SanJuan o, NotMeeting: 12% Chach ki
3 2 aco Rivep,
o (o]
g8 ® ©°9¢ o x
x 2 oo o . % 8 og 8 o $ 1 o
° o@ =
c 1 o o © 8 @ o 8 8 -
= 0 = ° 5 o > 0 g -
oy A g 8 @ Q =
5 ° T 3 S ‘
HE B -1
S o g E 8
o 8 8 8 8 g 2
T -2 8g 8 e e = 8
3 o (o] (o] o
-3 oo o o o -3 0
-4 4
o8 S 8
-5 BB  Duranao Farminaton SR 4cC Bluff MexHat Clav Hills L. Powell 5
0 100 200 300 400 500 600 o o
Distance from Animas Headwaters (km) 6 BB Durango Farmington SR 4C Bluff  MexHat  Clay Hills L. Powell

0 100 200 300 400 500 600
Distance from Animas Headwaters (km)
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Failure to Meet Water Quality Criteria

Not Meeting River Segments

Exceeded (%) Benificial Use (%)
14% 10%
12% 9%
0,
12% 8%
10% 7% 6% 6%
8% 6%
’ 6% 5% 4% > a%
6% 5% 4% E
0 x|
4% 3% 3% . 3% 29% 3
2% 2% 2% 2
0.4% 1% )
1% i
0% [ | S
Agricultural Aquatic Acute  Aquatic  Domestic Use Fish Human Livestock 0% e
Use Chronic Consumption  Contact Upper Middle Lower Upper Lower Northern Southern Canal All
Animas Animas Animas SanlJuan Sanluan Tribs Tribs
Percent of All . .
Not Meeting Metal Responsible For Not Meeting WQ Goals
Portion of Exceeds in Each Sampling Event (%)
10% 9% 35%
8% 30%
S 6% 25%
1% ]
o
g 20%
4%
x 4% 3% 15%
2% 1% 10%
0% 0% .l.-----———_
November baseflow March rain May snowmelt June Peak snowmelt > e N . « N N
_006‘ & & & \\o‘i‘ ,@é‘ \\‘,6‘ {\‘,& & ‘\\,5“ ,\‘,& A \\}6‘ & c§\ ¢ & & ,\0& 006‘ W \\,6‘
& v Q?Q ey F X F & ¢ ‘\”} &b ol Qg&‘ St & @" & & 9 of
® ¢ F & & ¢ & ¥ @@*’@&

\eIEPA Office of Research and Development




Longitudinal Distribution of Exceedances

Note that differences in jurisdictional water quality criteria contribute

to differences in exceedance rate between river segments

Not M
20%

18%
16%
14%
12%
10%
8%
6%
4

X

2

X

0%

eeting Percentage Percent of Screens Not Meeting Criteria All Sample Dates, by Site

Animas River —> San Juan River Northern Tribs Southern Tribs Canals

A
443/9-(\ ‘7,?‘7,?‘7,9‘@?"7,94,94,?‘7,97,? QJ.\/ ‘PJ.\/J.‘/‘-!'} 0 S ‘9 ‘9 0%%470470 9//(:%%./*0'%
96, 0 %, Go, Oy O, V0 O Go, %, % %6, 9%, %, P *’»"“”’éé”s”o@”f@o”/’?‘/‘%
L oy 50, 0, 0, 0 e i, e e 0, s oy Sy T 0 0 0 % P 0, e Py e 8, 0
RO AL AN //\//\’e,«%% 5%, %, T o P e B, B, B 0 P, St om0, 8 00, O T O
P &, q«@@ {9 L Sy »&. . %’% Q# N »o@f % l:'ﬂc*OCF °<¥ Oﬁ’bo .,L% NS G,of% %, Sy, %, O
K % %, ° B 2o % T * By e, @ Ty 40 %00 ~ %o, v ¥
d-‘@ O/) ‘9‘&\ & (s @

Lower Animas in
New Mexico is the
“sweet spot” —few
exceedances

San Juan
exceedances reflect
Navajo and Utah
criteria primarily

Tributaries have
greater number of
exceedances
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Nutrients
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Nutrients

Total Phosphorus

Nitrate + Nitrite
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Dissolved Organic Carbon
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Water Chemistry

Sulfate

Hardness
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