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toward consumerist lifestyles have intensified the demand for water and food
resources, leading to overexploitation of natural landscapes. This has resulted in
reduced soil permeability, degradation of vegetation cover, increased flooding,
intensified erosion, downstream sedimentation, recurring droughts, and
associated socioeconomic challenges. To address these issues, watershed
management operations have been implemented across various regions of Iran to
enhance runoff infiltration, reduce peak flood discharge, and mitigate
sedimentation behind dams. However, due to the relatively recent
implementation of such measures, comprehensive quantitative and qualitative
evaluations remain limited. This study aims to assess the impact of mechanical
watershed management operations on runoff storage and flood reduction in the
Karizak watershed, located in Khalilabad County, Razavi Khorasan Province,
Iran. The primary objective is to analyze the effects of constructed earthen and
gabion structures on water infiltration and peak flood attenuation, while
providing insights for optimizing future watershed management strategies.

Materials and Methods: The study area, the Karizak watershed, spans 5,695.1
hectares in the central district of Khalilabad County, characterized by a cold arid
climate and an aridic-thermic moisture and temperature regime. Topographic
data, slope, and elevation classes were derived using a digital elevation model
(DEM). Field surveys documented the characteristics of nine earthen check dams
and four gabion structures. Infiltration rates were measured using double-ring
infiltrometers in sediment-laden and control (sediment-free) areas within the
reservoirs of selected earthen check dams (numbers 4, 5, and an older dam from
the 1970s) across three zones (southeast, south, and southwest). Evaporation and
infiltration volumes were estimated for 10-day intervals from the time of dam
construction until the end of the 2018-2019 water year, based on reservoir water
surface mapping. Rainfall and land-use data were analyzed to evaluate the
watershed’s response to precipitation before and after the implementation of
watershed management measures.

Results: The results revealed that infiltration rates in sediment-laden areas were
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significantly lower than in control areas due to the filling of soil pores with fine
sediments. In the earthen check dams, approximately 10 million cubic meters of
water (92% of the flood volume) infiltrated, while 0.9 million cubic meters (8%
of the flood volume) were lost to evaporation. This high infiltration rate, relative
to evaporation, is likely attributed to the timing of rainfall (April to mid-June)
when temperatures are lower. The mechanical structures effectively reduced
peak flood discharge, mitigating flood-related damage and enhancing
groundwater recharge through ganats. However, issues with the siting and height
of the structures relative to upstream runoff volumes were identified.
Economically, the cost-to-benefit ratio was 10.6 for mechanical measures, 4.4
for biological measures, and 4.9 for the entire watershed, indicating the
economic viability of the implemented watershed management operations.

Conclusion: Watershed management operations in the Karizak watershed have
significantly enhanced water infiltration and reduced peak flood discharge,
thereby improving water and soil resource management. The structures
facilitated the storage of approximately 11 million cubic meters of water,
primarily contributing to ganat recharge and mitigating drought impacts.
Nonetheless, optimizing the design and placement of structures is critical to
further improving efficiency. This study underscores the importance of
continuous evaluation of watershed management operations and the
development of robust methodologies for performance analysis. Future studies
should employ advanced simulation models to determine the optimal number
and placement of structures to maximize the effectiveness of watershed
management initiatives.
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Table 2. Test results in the sedimented area of earthen dam No. 4
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Table 4. Test results in the control area (without sediment) of earth dam No. 4
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Fig.3. Results of infiltration rate estimation in the sedimented area of earthen dam No. 4
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30 5.9 9.12 30 6.7 9.21 30 6.2 9.35 30 6.27 9.23
40 6.4 8.57 40 7.1 8.30 40 6.9 8.59 40 6.80 8.49
50 7.9 8.16 50 8.6 7.65 50 8.3 8.05 50 8.27 7.95
60 9.7 7.84 60 10.3 7.16 60 10.1 7.63 60 10.03 7.54
90 13.9 7.18 90 141 6.19 90 142 6.78 90 14.07 6.72
120 17.9 6.74 120 18.6 5.57 120 18.3 6.53 120 18.27 6.28
180 245 6.17 180 26.1 481 180 25.7 5.53 180 25.43 5.50
240 30.6 5.80 240 32.7 4.34 240 31.9 5.08 240 31.73 5.07
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Table 5. Characteristics of the control area (without sediment) of earth dam No. 4
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Fig 4. Results of infiltration rate estimation in the control area (without sediment) of earthen dam No. 4
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Table 6. Test results in the sedimented area of earthen dam No. 5

Voo leds 4l gzl Y osled &l sl Yo leds 4l gzl oSl

Cylinder No. 1 Cylinder No. 2 Cylinder No. 3 Average
_ £ § — _ € § — _ € 5 -
£ £ z < 5 = z < £ = = £
E s 2 E E s S E E 5 B E
38 3E 3E 3B 3B OBE RXE 3B 3E OAE RE 3B
=L E E o = O F O E E 5 = o L& E =
[} S = bl . © . © OO e -_— . © . @ . —_ @
(g 15 93 13 L3 13 13 13 13 1% 17 1%
s 2 93 s s 2z 93 s s 2 93 s
2 g 5 2 2 5 5 2 g £ 5 =
=} E c =} =] E c =} =] E c =}
O g ks O O g s O O g b O

o = o = o =
0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
2 0.3 3.70 2 0.3 6.62 2 1.0 8.19 2 0.53 6.17
5 0.4 2.46 5 1.0 4.09 5 1.2 441 5 0.87 3.65
10 0.5 1.80 10 1.3 2.84 10 1.3 2.76 10 1.03 247
20 0.6 1.32 20 15 1.97 20 1.6 1.72 20 123 1.67
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Cylinder No. 1 Cylinder No. 2 Cylinder No. 3 Average
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O 5 Ic O O g I O O g I O
o 2 o 2 o 2
30 0.8 1.10 30 1.7 1.59 30 1.9 1.31 30 1.47 1.33
40 1.0 0.97 40 1.9 1.37 40 2.1 1.08 40 1.67 1.14
50 1.2 0.88 50 2.1 1.22 50 2.2 0.92 50 1.83 1.01
60 14 0.81 60 2.2 1.11 60 23 0.82 60 1.97 0.91
90 1.9 0.67 90 2.7 0.89 90 2.9 0.62 90 2.50 0.73
120 24 0.59 120 31 0.77 120 33 0.51 120 2.95 0.62
180 3.1 0.49 180 38 0.62 180 4.0 0.39 180 3.63 0.50
240 3.8 0.44 240 44 0.53 240 46 0.32 240 4.27 0.43
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Table 7. Characteristics of the sedimented area of earth dam No. 5
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Fig 5. Results of infiltration rate estimation in the sedimented area of earthen dam No. 5
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Table 8. Test results in the control area (no sediment) of earth dam No. 5

Y osled 4l szl Y oled 4l sal Y ooled &yl oSl

Cylinder No. 1 Cylinder No. 2 Cylinder No. 3 Average

3 £ £ € £ €
z & ¢ =2 =z & ¢ =z =z & £ =z
e § & & & 5 & & & 5 5 E
g #E HE g 2 E JYE 2 E AE 5 g
D = -~ = = ) = ) = RO ] o= D = D = .~ = . = D=
= —— = 5 o o = € o = L 2 E < =
o is 45 te e é‘ﬁg 45 i3 o gﬁs 4 < o
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g S 9 3 B € 2 Y 3 B B S B3 g
= £ g = 3 £ g = 3 £ z =
E E g E E E B E E E g E
s & § o6 & & 5§ 6 &8 E 5 3

© 2 o 2 o 2
0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
2 0.6 12.09 2 0.8 14.52 2 0.6 11.92 2 0.67 12.84
5 1.0 9.39 5 1.4 10.63 5 1.0 9.19 5 1.13 9.74
10 1.8 7.75 10 2.0 8.39 10 18 7.56 10 1.87 7.90
20 3.0 6.40 20 3.2 6.64 20 2.7 6.21 20 2.97 6.42
30 3.7 5.73 30 4.1 5.78 30 3.9 5.54 30 3.90 5.68
40 4.7 5.29 40 5.0 5.24 40 4.7 5.10 40 4.80 521
50 5.6 497 50 5.8 4.86 50 5.4 4.79 50 5.60 4.87
60 6.6 4.73 60 6.8 457 60 6.4 455 60 6.60 4.62
90 9.0 423 90 9.3 3.98 90 8.6 4.06 90 8.97 4.09
120 11.2 391 120 11.4 3.61 120 10.7 3.74 120 11.10 3.75
180 14.6 3.49 180 15.2 3.14 180 14.4 3.33 180 14.73 3.32
240 17.7 3.23 240 18.1 2.85 240 17.3 3.07 240 17.70 3.05
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Table 9. Characteristics of the control area (without sediment) of earth dam No. 5
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Fig 6. Results of infiltration rate estimation in the control area (without sediment) of earthen dam No. 5
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Table 10. Test results in the sedimented area of the earthen dam constructed in the 1970s

Vo sland 4l gl Y o kel &l gl Y oosled &l gl Sl

Cylinder No. 1 Cylinder No. 2 Cylinder No. 3 Average
. & § - - ® &8 - - ® & .
E 5 § & & § & €& E 5 58 E
3 3E 3E 3B 3 3§ 3L 3E 3p 3E 3E 3¢
= o b= o = e o B b= o = N = b= =
b ls 45 12 1 15 4% 12 18 15 49 1:
= 2 D 9 s = > D 9 s k| = 9 9 B
e £ & & § £ § & & £ § &t
3 E § 3 3 E § 38 3 E 5 3

S z 3 z = z
0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
2 0.3 6.95 2 0.4 6.18 2 0.5 6.78 2 0.4 6.64
5 0.8 4.75 5 0.7 4.00 5 0.8 4.18 5 0.77 431
10 12 3.56 10 0.9 2.88 10 1.0 2.90 10 1.03 3.11
20 16 2.67 20 12 2.07 20 1.3 2.00 20 1.37 2.25
30 1.9 2.26 30 15 1.71 30 1.6 1.62 30 1.67 1.86
40 2.3 2.00 40 1.8 1.49 40 1.9 1.39 40 2.00 1.63
50 2.6 1.83 50 2.1 1.34 50 2.1 1.24 50 2.27 1.47
60 3.0 1.69 60 24 1.23 60 24 1.12 60 2.60 1.35
90 3.7 143 90 3.0 1.02 90 2.9 0.91 90 3.20 1.12

120 4.3 1.27 120 3.5 0.89 120 3.4 0.78 120 3.73 0.98
180 52 1.07 180 4.3 0.73 180 4.1 0.63 180 4.53 0.81
240 6.0 0.95 240 5.0 0.64 240 4.9 0.54 240 5.30 0.71
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Table 11. Characteristics of the sedimented area of the earthen dam constructed in the 1970s
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Fig 7. Results of infiltration velocity estimation in the sedimented area of the earthen dam constructed in the
1970s
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Table 12. Test results in the control area (without sediment) of the earthen dam constructed in the 1970s

Voo leds 4l szl Y osled &gl Yo leds 4l gzl oSl

Cylinder No. 1 Cylinder No. 2 Cylinder No. 3 Average
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E 8 S E E S 2 E E s S E
g 94 E RE g g 94E RE E g AEF PE 9o
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(2 L3 4% 13 %3 15 43 13 13 15 4y 1
g 2 353 E £ 2 53 E £ 2 53 2
£ 3 IS E g 3 IS E E g IS E
3 E 5 3 3 E 5 3 3 E 5 3

O = O 2 O [
0 0 0 0 0 0 0 0 0 0 0 0
2 0.8 13.87 2 1.0 18.49 2 1.2 17.70 2 1.0 16.69
5 1.1 10.42 5 21 12.85 5 1.6 12.32 5 16 11.86
10 1.9 8.39 10 25 9.76 10 2.2 9.37 10 2.2 9.17
20 3.2 6.76 20 3.6 7.41 20 3.6 7.13 20 3.47 7.10
30 4.2 5.96 30 5.2 6.31 30 4.8 6.07 30 4.73 6.11
40 51 5.45 40 6.2 5.63 40 5.9 5.42 40 5.73 5.50
50 6.1 5.08 50 7.1 5.15 50 6.7 4.96 50 6.63 5.06
60 7.2 4.80 60 8.1 4.79 60 7.9 4.62 60 7.73 4.74
90 9.5 4.23 90 10.1 4.08 90 9.9 3.93 90 9.83 4.08

120 11.4 3.87 120 12.0 3.64 120 11.9 3.51 120 11.77 3.67
180 15.0 341 180 155 3.10 180 153 2.99 180 15.27 3.17
240 18.6 3.11 240 19.1 2.76 240 18.8 2.67 240 18.83 2.85

ATAR



\fo¥ Qm)jﬂli Al e)LA.:u Al de &L}W}&»&Lﬁ Qlf)brfjrﬂl

sliaa a3 53 odd Sl S ay B 8 gy adhie Slo s N
Table 13. Characteristics of the sedimented area of the earthen dam constructed in the 1970s
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Fig 8. Results of infiltration velocity estimation in the control area (without sediment) of the earthen dam
constructed in the 1970s

B sla O3l 53 Aals 5 485 g Ghla s S 3L Ol s N g
Table 14. Soil texture changes in sedimented and control areas in earthen dam reservoirs

<. - S sl
= o ol ol 3 & o 311 adlaie :
S e P13 e 55 S s Soil Texture sand(%)  Silt@®)  Clay (%)
Earthen Dam ID Infiltration Test Area Condition
(USDA)
, L
TR Silty Loam (SiL) 11 68 21
Dam No. 4 With Sediment
- , Bl
ekl Sandy Loam (SL) 64 23 13
Without Sediment
o sl
s Sandy Loam (SL) 72 13 15
Dam No. 5 With Sediment
- o , Asle
el Loam (L) 49 39 12
Without Sediment
g,y b
ST Silty Loam (SiL) 10 67 23
Constructed in the With Sediment
1370s O gy BB
j L 41 43 16

Without Sediment
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Table 15. Results of measuring the rate of water infiltration into soil in earthen dam reservoirs
558 4 Odewy 0L

S eled Ol 358 o (6,5 o3Il ikt sy Gas 308 b e
' — . ) S Time to Reach lg
Earthen Dam ID Infiltration Test Area Sediment Depth Final Infiltration ) o
Dam No. 4 Condition (cm) Rate (cm/hr) Final Infiltration
(min)
With Sediment 35 0.808 263
- Without Sediment - 5.186 173
Dam No. 5 With Sediment >90 0.432 330
- Without Sediment - 3.352 180
Constructed in the With Sediment 101015 0.447 309
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Table 16. Estimated evaporation and infiltration volumes at Section 1

(%) abeiusalad uonelodens
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First 10

Days

0.808 1.94 0.093 2,012 2,964 3,902 275 4,177 934 6.6

Second 10
Days
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Third 10
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Table 17. Estimated evaporation and infiltration volumes in Section No. 2
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Table 18. Estimated evaporation and infiltration volumes in Section No. 3
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First 10
Days 0.808 1.94 0.092 7,929 10,078 15,376 931 16,303 94.3 5.7
Second
10 0.808 194 0.092 6,234 6,602 12,089 610 12,699 95.2 4.8
Days
Third
10 0.808 1.94 0.092 717 717 1,390 66 1,457 95.5 4.5
Days
Total - - - 14,880 17,397
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Table 19. Estimated evaporation and infiltration volumes in Section No. 4
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First 10
Days of 0.808 1.94 0.082 7,768 8,473 15,064 698 15,762 95.6 4.4
Ordibehesht
Second 10
Days of 0.808 1.94 0.082 478 478 927 39 966 96.0 4.0

Ordibehesht
Total 15,991 737 16,728 95.6 4.4
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Table 20. Estimated evaporation and infiltration volumes in Section No. 5
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First10Daysof /0y 104 0085 19543 32258 20262 2731 22993 881 11.9
Ordibehesht
Second10Days 455 104 0085 16821 25338 17440 2145 19585  89.0 11.0
of Ordibehesht
Third10Daysof (45 104 0085 14534 19,098 15069 1617 16686 903 9.7
Ordibehesht
First10Daysof 40 104 0153 10587 11,798 10977 1801 12778 859 141
Khordad
Second10Days 455 104 0153 3006 3096 3210 473 3683 872 128
of Khordad
Total - - - 64581 91,588 66,958 8,767 75725 884 116
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Table 21. Estimated evaporation and infiltration volumes in Section No. 6
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First 10

8%@3; 0.432 1.04 0.091 4,037 4,037 4,186 367 4,553 91.9 8.1

esht

Second

10D

0D 0.432 1.04 0.091 690 690 715 63 778 91.9 8.1

Ordibeh

Total - - - 4,727 4,727 4,901 430 5,331 91.9 8.1
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Table 22. Estimated evaporation and infiltration volumes at Section 7
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Final Infiltration Rate (m/day)
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Time Period
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Seepage Volume (m3)

Evaporated Water Depth (m)
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Evaporation Volume (m3)
Total Loss Volume (m3)

S0 Ao
Seepage Percentage (%)
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Infiltrated Water Depth (m)
),«>r—\.r
Evaporation Area (m?)

First 10

Days of
Ordibeh 0.432 1.04 0.077 6,212 8,314 6,441 637 7,078 91.0 9.0

esht

Second
10 Days

of 0.432 1.04 0.077 2,480 3,838 2,571 294 2,865 89.7 10.3
Ordibeh

esht

Third 10

Days of
Ordibeh 0.432 1.04 0.077 573 573 594 44 638 93.1 6.9

esht

Total - - - 9,265 12,725 9,606 976 10,582 90.8 9.2
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Table 23. Estimated evaporation and infiltration volumes at Section 8
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First 10
Days of 0.432 1.04 0.092 11,803 13,290 12,237 1,218 13,455 90.9
Ordibehesht
Second 10
Days of 0.432 1.04 0.092 5,849 5,673 6,064 520 6,584 92.1

Ordibehesht
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Third 10
Days of 0.432 1.04 0.092 1,104 1,104 1,145 101 1,246 91.9 8.1
Ordibehesht
Total - - - 18,756 20,067 19,446 1,839 21,285 914 8.6
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Table 24. Estimated evaporation and infiltration volumes at the dam built in the 1970s
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Firstl0Daysof 007 107 0079 60616 109,573 65,029 8,693 73,722 88.2 118
Ordibehesht
Second10Days 4,07 107 079 44099 69,055 48275 5,478 53,753 89.8 102
of Ordibehesht
Third10Days 7 107 079 32,074 47,704 34,409 3,785 38,194 90.1 9.9
of Ordibehesht
Fstl0Daysof o407 107 0144 24982 34204 26801 4938 31,739 844 156
Khordad
Second10Days 407 107 144 19001 26,614 21,446 3,832 25278 8438 152
of Khordad
Third 10 Days
ot Khorded 0447 107 0144 15446 19,006 16,570 2,737 19,307 85.8 142
First 1%?33’5 of  ga7 107 0197 11,322 13,109 12,146 2,582 14,728 825 175
Secog‘i %?rDays 0447 107 0197 4,362 4,362 4,680 859 5,539 845 155
Total ; ; ; 213792 318717 229356 32,905 262,261 875 125
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Table 25. Results of estimating evaporation and infiltration volumes in earthen dams in the study area in each

year
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1 2 1 Month 9,289 788 10,077 92.2% 7.8%
2 2 40 Days 43,582 2,659 46,241 94.2% 5.8%
3 2 1 Month 28,855 1,606 30,461 94.7% 5.3%
4 2 20 Days 15,991 737 16,728 95.6% 4.4%
5 1 50 Days 66,958 8,767 75,725 88.4% 11.6%
6 1 20 Days 4,901 430 5,331 91.9% 8.1%
7 1 1 Month 9,606 976 10,582 90.8% 9.2%
8 1 1 Month 19,447 1,839 21,286 91.4% 8.6%
Constructed
in the 1 80 Days 229,356 32,905 262,261 87.5% 12.5%
1370s
TOTAL / AVERAGE - - 427,984 50,707 478,691
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Table 26. Infiltration and evaporation rates (during the period from the implementation of the clause to the end
of the water year 1397-1398).
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1 8 threetimesa 26335 8/7 2/92 2054 24280
year
2 10 three times a 253015 7/5 3/94 14422 238593
year
3 10 three times a 239224 3/5 7/94 12679 226545
year
4 9 threetimesa 152538 414 6/95 6712 145827
year
5 9 threetimesa 847268 6/11 4/88 98283 798485
year
ol Eolu] .
A 28 threetimesa 9447385 5/12 5/87 765238 8682147
sl aas s year
Total 899388 10066377
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