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Focus today:

1. Review on unconfined
and confined aquifers
and recharge

Valley-fill aquifer recharge
by canal leakage




Unconfined Aquifer

An aquifer in which there are no confining beds between
the zone of saturation and the surface. The pore water

pressure at the top surface is at atmospheric pressure
(Fetter, 1980).

Water is released by draining water from the pores.




Unconfined Aquifer

Openings through overlying pores
allow local recharge

Land surface —> 100 cubic feet of aquifer is drained
and
15 cubic feet of water are released.

2% to 30% of the
total aquifer volume
is occupied
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Unconfined Aquifer

Openings through overlying pores 1 inch of water infiltrating to the
allow local recharge water table may raise the water
level 6.7 inches.

Land surface —>

2% to 30% of the
total aquifer volume
is occupied

by water




Confined Aquifer

An aquifer that is overlain by a confining bed. The confining
bed has a significantly lower hydraulic conductivity than
the aquifer (Fetter, 1980). The pore pressure is such that
water will rise above the top of the aquifer in a tightly
sealed well.

Water is released by compression of the mineral skeleton
and by expansion of the water.




Confined Aquifer

Land surface ~

Water
Pressure

Confining

Bed

Aquifer

the potentiometric surface is
lowered

over an area of 100 square feet an
average of 1 foot

about 0.5 cubic feet of
water are released.




Confined Aquifer
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Total annual water consumption for Belgrade study area

For lawn and garden and domestic use
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Belgrade project area.
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Total annual water consumption for Belgrade study area

For lawn and garden and domestic use

2400
2200 Confmlng.bed removes
opportunity for return
2000 flow to aquifer.
1800
B Unconfined aquifer
1600

B Confined Aquifer
1400 -

1200 -

1000 -

800 -

Total domestic consumption of water
(acre-feet per year)

600 -

400 -
200 -

Current 0.5 0.4 0.3 0.2 0.1
(0.6)

Maximum irrigated lawn and garden (acres)



Ground Water Investigation Program
(GWIP)

Next subject:

Unconfined aquifers and groundwater recharge from
Irrigation canals near Dillon
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Total Annual East Bench Canal
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East Bench Canal
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Groundwater Recharge from Canal Seepage
2010

Seepage Loss Seepage Loss

5,900 ac-ft/yr 17,000 ac-
ftiyr

East Bench
Canal
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Examples of Seepage Loses

East Bench Canal
West Side Canal

Bozeman area ditches
Upper Big Hole
Helena Valley

Billings area
Stillwater-Rosebud Watershed
Greenfields Bench

2.2 cfs/mile
1.2 cfs/mile
1.1 cfs/mile
0.15-1.5 cfs/mile
0.6 cfs/mile
0.05-0.5 cfs/mile

1.1-1.8 cfs/mile
0.45-4.7 cfs/mile




Leakage (cfs per mile)

Irrigation canal leakage from sites in Montana
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® Maximums
® Minimums

Averages




Ground Water Investigation Program
(GWIP)

Next subject:

Applying irrigation canal leakage over a large area

Refilling the western ‘

basins each year
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Some valley fill aquifers:

Large basin, both groundwater and surface are forced
through a restricted pinch point.

Recharge and
surface inflow




Valley fill aquifer - Annual basin recharge is controlled
in large part by elevation of pinch point.

Canal leakage
and other

Water outflow s water input
plus evapotranspiration t




Groundwater level is the gradient (energy slope) moving water
out of the basin.

It is a function of:
elevation of pinch point (controls outflow level)
amount of input

Canal leakage
loss within the basin (ET) °

and other
water input

Water outflow t /

’ plus evapotranspiration _ rm———
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GWIP Monitoring Points

Horseshoe Hills __
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gVh, Bridger Range
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Horseshoe Hills

Flood +
Sprinkler
(2009)




Horseshoe Hills

Irrigation
(2009)
Flood
+
Sprinkler
+
Pivot
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Current huydrograph for well 133165
Location {(TRS)}: 81NB4E19CBCC Td: 81 Aquifer: 111SNGR

Precipitation: departure from yearly awverage for selected
NWS stations in the corresponding climatic diwvision
T —

Current hydrograph for well 39771
Location {TRS}: B1N6SE29CDBA Td: 39 Aquifer: 11BALVH

Precipitation: departure from yearly average for selected

NWS stations in the corresponding climatic division

| — T T T T T T T —T — T T T T T T T T T T Sin
0
| Coa e e ey by w1y |-Rin
1990 1995 2000 2005 2010 2015 2020
e e T e [ T e e e e ey 1L
4305 — 5| =&
c | 5
Sazonf “o 5
25 =
g r 1 [}
z L ]
2 A ] z
4295 15 o
3 [ ] &
E
o + 1 =
3T .
L 4290 — 10 L
[T} - 1 .
o ] £
* [ ] a
4285 115
4280 1 1 1 I 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 20
1990 1995 2000 2005 2010 2015 2020
Sdry W hon-static Year
Sources Ground-Water Information Center -- Butter HT
Current hydrograph for well 133167
Location {TRS): B82NB3E33DADD Td: 61 Aquifer: 118ALVH
Precipitation: departure from yearly awverage for zelected
NWS ztations in the corresponding climatic division 5
| T A e B e e e B L B e e e e e e e in
0
| PR T TR T (N T SN S N T S T S N SO S ST T N T S SN SN N S S £ 14
1990 1995 2000 2005 2010 2015 2020
4177 — T T T T T T T T T T T T T T T T T T T T 20
47z 134
= L i T
S g7 q3@ 3
2 1 Z
2 L 1 &
a L ] Fy
m ]
4162 EC
) [ ] a
=
5 I 1 %
L 4157 - 149 5
[} - 1 =
I ] £
* [ ] a
4152 - 154
414? 1 1 1 I 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 59
1990 1995 2000 2005 2010 2015 2020
odry wnon-static Year
Soupcet Ground-Hater Information Cenber —— Bubber HT

10n

Hater Level Elevat

10n

Hater Level Elevat

| — T T T T T T T — T T T T T T T T T T T T Sin
0
=Sin
20
§ 7-11
440 = 1-6
[ ] -
4333 11 2
g
r 1 [}
[ ] H
]
4390 . 14
i w b A\A——MM ] .
L 1 =
]
r 1 [
4355 — 19 L
[ T -
- 1 <
+ ] =
r ] =
4380 112
43?5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 19
1990 1995 2000 2005 2010 2015 2020
Sdry W non-static Year
Source: Ground-Water Information Center -- Butter HT
Current hudrograph for well 135720
Location {(TRS): 82SBGE19BBEA Td: 168 Aquifer: 1285DHS
Precipitation: departure from yearly average for zelected
NWS ztations in the corresponding climatic division i
| L e e e L o e B e e e e BB e e e ——T—T—5in
0
=3in
20
7
4928 112
L ] Tz
4923 17 3
g
[ ] &
L ] H
L ] ]
4915 5 ] 22 E
R A p e Jun AL, ] 8
L ] -
o
r 1 [
4913 EC
i I
L J =
L ] =
4908 - 132
4903 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 3?
1990 1995 2000 2005 2010 2015 2020
odry wnon-static Year
Source? Ground-Hater Information Centar —— Bubber HT



Ph, Bridger Range

Horseshoe Hills i

Groundwater

Elevation
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April, 1953 77
(from Hackett)
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P, Bridger Range
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. Conclusions:




