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vieeting Purpose

Tongue River watershed
liscuss modeling effort and
evelopment.
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Review of TDS/EC/SAR
WAT Modeling (existing results)
cenarios (examples and sources)
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ater Quality Planning
Process

er quality standards

| aluate water quality relative
he standards

acterize the prob ems and develop
tions (Current Project Phase)

en involves TMDL development

'k Imple enting solutions and steps
- toward meeting water quality
standards



Water Quality Planning
Process



[Otal Dissolved Solids (TDS)

re of how much material (mass)
T

3S0lveC
lue is really ju
‘mass /volume

ms per liter (mg/L), tons/acre-foot, or parts
| llion (ppm)

! Most rologlc models operate on a ‘mass-
‘balance” approach, so this is easily
ncorporated.

are inorganic salts, so
neasure of salinity.




ivity (EC) is a measure of the
onduct electricity.

Ca?t, Mg2+, etc.) and anions
are in the water, the higher

re, EC is a relative meas
mperature dependent

conductance (SC) is EC corrected to 25°C.

ition in Montana rules (ARM 17.30.602)
lefinition of SC, so

Conductivity = EC = SC



SC and TDS
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Tongue River at Miles City (1962-2016)

1,000 1,500
SC (uSfcm)




Sodium Adsorption Ratio

)rption ratio (SAR) is the ratio of
m and magnesium.

igh amounts of sodium
g (and vice versa).

D

wpared to Ca anc

_. entrations used in calculation are in
equivalents per liter (meq/L)

SAR = [Va]
J([Ca] + [Mg])/2




ana’'s Water Quality
ards for Salinity in The
Tongue River

: 1,000 uS/cm EC, 3.0 SAR
500 uS/cm EC, 5.0 SAR
mple may exceed: |
h 2 - October 31: 1,500 uS/cm EC, 4.5 SAR
ember 1 - March 1: 2,500 uS/cm EC, 7.5 SAR

\ ber 1- Mrc g

ource: ARM 17.30.670
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Soll & Water
Assessment Tool

swat.tamu.edu

eloped by the USDA-ARS and Texas A&M
versity
1 focus is as an agricultural model

o) pe | source, constantly being updated

= Extensive documentation
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Al: Hydrologic/Water Quality
Model
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1puts for SWAT

time step

. __ Point Sources /Intlows/Outflows

13



n concentrations are input by the user

“can be varied by land use, water source,
1onth.

" =@ These values were taken from literature sources
- and previous modeling efforts, and then
adjusted slightly during calibration.
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alinity Inputs for SWAT

m& GROUNDWATER Event Mean Concentration (mg/L)

| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
| Pasture | Ca | 99 | 72 | 63 | 78 | 72 | 79 [ 65 | 71 | 63 | 60 | 86 | 82
| Forest | Ca | 99 | 72 |63 | 78 | 72 | 79 | 65 | 71 | 63 | 60 | 86 | 82 |
-mmm
77 ----
m
| Forest | Mg | 162 | 137 | 108 | 142 | 136 | 153 | 135 | 117 | 144 | 131 | 153 | 141
| Shrubland | Mg | 162 | 137 | 108 | 142 | 136 | 153 | 135 | 117 | 144 | 131 | 153 | 141
Irrigated Land | Mg | 198 | 167 | 132 | 174 | 166 | 187 | 165 | 143 | 176 | 160 | 187 | 172
| Pasture | Na | 406 | 410 | 348 | 418 | 441 | 297 | 297 | 297 | 297 | 402 | 428 | 448
| Forest | Na | 406 | 410 | 348 | 418 | 441 | 297 | 297 | 297 | 297 | 402 | 428 | 448
| Shrubland | Na | 406 | 410 | 348 | 418 | 441 | 297 | 297 | 297 | 297 | 402 | 428 | 448
Irrigated Land | Na | 497 | 501 | 425 | 510 | 538 | 575 | 497 | 536 | 510 | 491 | 523 | 548
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EG/SAR Modeling in SWAT

B SAR can be calculated.

= Use observed relationship between cation
totals and salinity to determine EC/SC.
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Ca+Mg+Na (meq/L)
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ates hydrology and major cations.
be correlated to SC, TDS, and

s (Hanging Woman,
Pumpkin) are modeled as point sources.
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WHhere is the salt coming from?

ZUSGS

USGS 06308500 Tongue River at Miles City, MT

DAILY Specific conductance, water,
unfiltered, nicrosienens per centimeter
at 25 degrees Celsius

Har 85 Har 12 Har 19 Har 26 Apr 82 Apr 89 Apr 16 Apr 23 Apr 38
2016 2016 2016 2016 2016 2016 2016 2016 2016

-=-== Provisional Data Sub ject to Revision =----

—— Daily maxinun specific conductance — Daily mnean specific conductance
—— Daily nininun specific conductance




the salt coming from?

pril 2016 - above standard
o flow /SC at:

4 anging Woman, Otter, Pumpkin®)
a simple mass balance at these sites.
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March/April 2016 Salt Load
| source | Fraction

riddle Tangue 35%

Lower Tangue
Fumpkin Creek
Ctter Cresk

Upper Tangue

Hanging YWoaman Creek

Upper ,Tongue

%
149

Hanging Woman Creek
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Tongue River TR @ Miles City
Model Schematic

T&Y Canal
(negative
point source)

TR @ T&Y Canal

TR @ Brandenberg

SWAT
Model
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SWA'T - Hydrology

Tongue River at Brandenberg, 2000-2006

Statistic RE (%)
Total 2.1%
Summer -1.5%
Fall -3.6%
s USG5 @ Brandenberg winter “11.6%
Spring 15.2%
Growing Season 5.7%
10% HiEhl!fst 8.9%
10% Lowest -7.4%
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Daily NSE 0.85

Discharge (cms)
2
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SWA'T - Hydrology

Tongue River at Miles City, 1997-2013

s—50G5 @ MC
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Fall
Winter
Spring
Gmwin& Season
10% Highest
10% Lowest
Daily NSE
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SWA'T - Salinity Calibration

= longue River at Birney, 2005-2013




Goal: Achieve our water quality standards!
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SO uj e Assessment
(EXisting Loading)

pboint sources, sediments, seeps/springs,
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S are a natural part of the system.

xample: Colorado River:
243,000 square miles
5.5 million irrigated
acres

= Drinking water for
37 million people.

Source: Bureau of Reclamation, 2013
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~oal Bed Methane

ane produces water typically
d SAR than surface water.

d Wyoming, production
__ mounts of water, some
r quality).
e are (for the most part) already in the
g model for the years they produced.

m For CBM scenarios, can remove these point
- sources from the model.
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Coal Bed Methane

CBM Production in the Tongue River watershed

{999 -?aq? 39% -?gq? '?903 '?00,; QQGS '?Qq; -?QGP '?006‘ -9009 -?QJG 0 2; <0; > <0, 5 '?03.; <0; o <0 Zs
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thane - Potential
~ Scenarios

VI from watershed

its for CBM in watershed
g, or both)

e CBM develc ent in watershed

7
/ /
/

7
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~ Coal Mines

_ ry” and only dewater
1g extreme runoff events (Spring Creek).

e dewater almost constantly (Decker).

“harge data including flow, SC, and SAR
004-present.

@ For coal mine scenarios, we simply remove
point source from model.
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Coal Mines

Decker West - Flow

]
iy ]

o]
=

—
=

Average Monthly Flow (cfs)
tn

L

wad

Jap Do Oa. Do Yan Da. Oa. Do Yapn Oa. Oa. Da. dan Oa. Oa. Da,. Y35 Oa. Da,. Da,. Yan O
9. QEEEL ‘9691':"5 SC‘- gf?%ec-g g Cﬂf{'ﬂa‘?fh Ggecﬂgt‘ﬂ j?cﬁ%ﬁag {gﬁ'fﬂ gtﬂ E €. ‘f%-"?- 7 ,?EC‘ _35'(?- _3\5"'{'-_ _3":?-"?» 7 S'E'Ck 16




Coal Mines

Decker West - SC
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Haerwusu coal mine, China
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= Opens in 20005.

= Continuous discharge,
10 cfs at 3,000 uS/cm.

Closes in 2010.
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ACme Factory

= Convert EC to
I'DS using
previously

established
relationships

@ Convert TDS and
flow to kg/day

salt

= Input water load
and salt into the
model
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Acme Factory - Results

SC upstream of Birney

Fo

SC(pS/cm)
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Acme Factory - Results

SC at Miles City

0 Factory

—ifith Factory
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lrrigation

cts salt concentrations in two ways:
occurring salts out of the soil profile

lants (evaporation) use water but leave salts,

oncentrating salts

result is higher salt concentrations in
gation return flows (surface, soil, groundwater).

ave estimates of irrigated land area, and
flow salt concentrations.
@ Toremove irrigation:

= adjust salt concentrations

= stop applying irrigation water.
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Diversions

..L. Ditch

Horton Ditch —
Quarter Circle U Ditch [7500
SH Ditch -




fTigation - Potential Scenarios

igation from watershed.
1 practices in watershed.

Cc

).

> irrigation atershed (unused water
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Springs/Saline Seeps

mon in certain portions of the

t of irrigation water
rating past the root

but can have an effect on
salinity of streams and
rivers.
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_ivestock

an effect on salt concentrations
ase sediment load along stream

iment load can increase

ey

r, in this




Jongue River Reservolir
Operations
@ TRRis mainly managed for water quantity

= Small changes in operatlons could have large
effects on water

‘ rwo  Tomgue River at Miles City - Salinity, Spring 2016 ] 25 CfS pulse
oo I I N N N N A A N A when flow
drops below
125 cfs at MC
gage.

m Cost: 2,000
acre-feet of
water
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&Y Canal Operations

, T&Y Canal withdraws
0% or more of the flow in the

iver below T& heavily influenced by
<in Creek/ prairie runoff at these times.
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&Y Canal Operations

TR @ Miles City - Summer 2004
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&Y Canal Operations

T&Y Canal - Summer 2004
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BN &Y Canal Operations

Flow (cfs)

Pumpkin Creek - Summer 2004
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Flow (cfs)

&Y Canal Operations

Tongue River Flow Comparison: T&Y vs Miles City

m T&Y
operations
have large
effect on
lower
Tongue
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yiEYeCanal Operations - Example

= Example: When SC at Miles City exceeds 1,000
uS/cm, reduce T&Y withdrawal by 16% for

that day only.

= Reduce daily
exceedance by
70%, monthly
exceedance from 3
months to none.

m Total reduction:
about 14% of T&Y
summer
withdrawal.

Tongue River at Miles City
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Scenario Summary

rical
n sources (dam?)

industrial s

nov (coal mines, CBM, WWTPs,
fy industrial practices or permit limits

e mines or other activities

tural

e agricultural sources

= Modi y agricultural practices

- = Modify TRR dam and T&Y canal operations

O * Others?
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enarios
it scenarios: October 31, 2016

results with stakeholders
rmine solutions/routes for achieving
quality standards
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Questions?
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