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Fig3 0000O0ODOODODOO (Born et al(1979)
Groundwater flow around a discharge lake
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Groundwater flow around a flow-through lake
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Location map of study area and locations of topographic cross section
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Locations of ponds sampled for the detailed geochemical and radon analyses
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Examples of ponds located on a mountain slope
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Examples of ponds located in a recharge area
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Topography of the Utetobi ponds
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Relationship between water levels of the Utetobi 2 pond
and precipitation
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Fluctuations in water levels of the Utetobi 2 pond and
groundwater in downstream well
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Distribution of water temperature in the Utetobi ponds
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Key diagram showing water chemistry in the Utetobi
ponds
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Distribution of Ca?* concentration in the Utetobi ponds
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Distribution of NO5;-N concentration in the Utetobi ponds
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Tablel OOOOOO

Results of the geochemical analysis

Oooong Ne EC pH |0O0ODO 22Rn Na* K* Mg?* Ca?* Cl- SO« | HCOs | NOs™-NI[
mS/m oo Bg/I mg/I| mg/I| mg/| mg/I| mg/| mg/| meq/| mg/I0
]

Al | 1125 | 76 220 193 116 | 338 257 | 030 | 0000
q | A3 451 | 74 213 193 | 593 | 080 | 101 | 554 | 422 214 | 048 | 0000
0| A5 430 | 7.3 209 235 | 569 | 072 | 089 | 574 | 463 241 | 046 | 0000
o lo| AT 432 | 70 208 241 | 622 | 071 | 103 | 588 | 462 | 310 | 045 | 0240
glo| Ao 438 | 68 2038 236 | 577 | 063 | 101 | 476 | 418 | 300 | 041 | 0000
ol ol B1 459 | 638 220 202 | 562 | 063 | 100 | 278 | 414 | 279 | 029 | 0150
olo| B4 437 | 68 213 206 | 582 | 072 | 105 | 565 | 408 203 | 048 | 0000
ol|o| B6 447 | 68 212 204 | 565 | 065 | 103 | 538 | 410 226 | 045 | 0000
o|o| B8 438 | 68 212 232 | 559 | 048 | 103 | 265 | 403 224 | 030 | 0000
o | D c 450 | 69 219 149 | 562 | 054 | 100 | 672 | 403 228 | 051 | 0000
o|B D 435 | 68 207 232 | 569 | 068 | 103 | 352 | 409 | 312 | 035 | 0000
0 E 442 | 69 214 172 | 573 | 070 | 102 | 665 | 406 220 | 052 | 0000
g F 455 | 69 220 178 | 583 | 062 | 100 | 394 | 407 179 | 040 | 0000
u G-1 443 | 69 187 459 | 614 | 092 | 096 | 819 | 463 291 | 053 | 0810
U E G-3 413 | 66 184 342 | 594 | 072 | 097 | 827 | 430 | 317 | 052 | 0870
E] 0| G5 426 | 65 191 408 | 550 | 057 | 101 | 288 | 382 219 | 025 | 0800
olo| Ht 412 | 67 190 272 | 576 | 060 | 094 | 583 | 408 | 345 | 037 1070
olo| H3 416 | 66 190 322 | 561 | 067 | 089 | 712 | 398 270 | 045 | 0950
olol| H5 424 | 65 188 459 | 590 | 069 | 096 | 352 | 433 327 | 028 | 0930
Olo I 414 | 66 192 262 | 616 | 062 | 107 | 774 | 454 | 340 | 050 1.020
o| D J 421 | 67 196 285 | 587 | 055 | 093 | 597 | 433 | 328 | 040 | 0840
o|D K 417 | 66 191 360 | 582 | 065 | 101 | 805 | 437 | 366 | 049 | 0860
= L 427 | 65 189 509 | 620 | 074 | 102 | 270 | 474 | 330 | 022 | 0840
o | P-7 373 | 754 | 169 472 | 427 | 069 | 045 | 688 | 426 296 | 041 | 0000
0 P-8 388 | 7.38 | 186 301 | 623 | 047 | 099 | 976 | 472 | 368 | 057 | 0920
O | P9 411 | 85 221 190 | 571 | 064 | 097 | 854 | 428 317 | 052 | 0930
OO0 W-1 | 1023 | 946 | 208 | 1502 | 448 | 068 | 060 | 663 | 465 | 332 | 039 | 0000
P-1 386 188 | 1059 | 398 | 084 | 079 | 794 | 401 | 823 | 037 | 0000
P-2 355 | 802 | 211 142 | 424 | 150 | 075 | 274 | 425 666 | 016 | 0000
P-3 342 | 712 | 213 033 | 404 | 139 | 060 | 231 | 439 583 | 015 | 0000
P-4 327 | 802 | 204 082 | 414 | 120 | 069 | 495 | 412 600 | 028 | 0000
P-5 258 | 767 | 227 077 | 454 | 102 | 071 | 567 | 464 | 594 | 032 | 0000
uooon pe 262 | 872 | 222 079 | 446 | 070 | 049 | 702 | 432 295 | 042 0.000
o000 pao | 306 194 546 | 548 | 059 | 093 | 923 | 401 279 | 063 | 0000
P11 | 226 | 611 | 172 | 2285 | 411 | 103 | 057 | 199 | 439 | 510 | 013 | 0000
P-12 | 259 | 649 | 206 311 | 471 | 068 | 045 | 261 | 394 | 343 | 021 | 0000
P-13 | 266 | 673 | 208 404 | 468 | 088 | 054 | 115 | 480 296 | 012 | 0000
P-14 | 276 193 | 1409 | 464 | 082 | 048 | 114 | 499 293 | 012 | 0000
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Distribution of NO5;-N concentration in the Utetobi ponds
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Fig23 00000000000 O0O0OOO0ODOOO0OODOOO
Sketches show the spring fed by water from Okinote pond
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Fige4 0O00O0O0OO0OOOOOOOO
Location map of sampling water points in the study area of the eastern foot of Mt. Nishihara
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Relationship between the water level in the Utetobi 2 pond and that of groundwater in the downstream well
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Evaluation of groundwater flow around irrigation ponds in central
part of Hiroshima Prefecture, Japan

IMAIZUMI Masayuki, ISHIDA Satoshi, TSUCHIHARA Takeo, and YOSHISAKO Hiroshi

Summary

Recently, irrigation ponds have come to be viewed not only as an agricultural facility for storing water for irriga-
tion but also as a precious regional resource with multiple functions. One function of an irrigation pond is groundwater
recharge, in which water infiltrates into the bottom sediments of the pond and recharges the groundwater downstream
of the pond, thus contributing to the hydrologic cycle. In order to discuss the effectiveness of the groundwater recharge
function of irrigation ponds as a regional resource, groundwater recharge by irrigation ponds in diverse locations must
be verified, because very few studies on the groundwater recharge function of irrigation ponds are available.

Toyosaka Town in Hiroshima Prefecture, western Japan, has 177 irrigation ponds. Each pond irrigates an area of
at least 5 ha. Most of these ponds are in valleys, impounded behind earthen dams. Ponds located 30-40 m above the
Mukunashi River, elevation 370-360 m, account for abut 90% of the irrigation ponds in Houai Town. Many of these are
located where the mountain slope adjoins the flood plain.

Five ponds were selected to evaluate groundwater recharge to and groundwater discharge from flow-through lakes:
Utetobi 1 and Utetobi 2 ponds are located one above the other in the same drainage, with the former upstream of the
latter, and Koujin, Rokudou and Okinote ponds are on the 400-m contour line on the footslope of Mount Nishihara (ele-
vation, 733.6 m) where it adjoins the flood plain of the Mukunashi River. Surface water inflow and outflow of these five
ponds were measured, and pond water was sampled for geochemical and radon analyses. Water level in the Utetobi 2
pond and the groundwater level in a well downstream of the pond were monitored for one year, from October 2002 to
October 2003. Two unknown quantities, groundwater inflow into the five ponds and outflow from the ponds, were
determined by solving simultaneous equations, namely, the flow balance equation and the radon mass balance equa-
tion. The results are as follows:

1. The monitoring results showed a high correlation (r> = 0.71) between the continuous records of the Utetobi 2
pond level and the groundwater level, suggesting that water from the pond recharges the groundwater down-
stream of the pond. This evidence supports the existence of a high degree of hydraulic connection between the
pond and the groundwater in the downstream aquifer. Groundwater flowed into the Utetobi 1 pond at the rate of
179 m*/day, and water from Utetobi 1 recharged the Utetobi 2 pond at the rate of 25 m*/day. In addition to the
flow from the Utetobi 1 pond, groundwater flows into the Utetobi 2 pond at the rate of 310 m%day. Water from
Utetobi 2 recharged groundwater in the downstream aquifer at the rate of 307 m%day.

2. Groundwater flows into the Kougami pond at the rate of 135 m%day, and the water in the pond dose not
recharges the groundwater of the downstream aquifer.

3. Groundwater flows into the Rokudou pond at the rate of 219 m*/day, and the water in the pond dose not
recharges the groundwater of the downstream aquifer.

4. Groundwater flows into the Okinote pond at the rate of 455 m®day, and the water in the pond recharges the
groundwater of downstream aquifers at the rate of 366 m%day. This value is concordant with the measured dis-
charge of 346 m®/day from a spring that emerges from an escarpment below the pond.

5. The relationship between groundwater residence time, calculated from the radioactive equilibrium equation of
Rn-222, and groundwater discharge suggests that groundwater recharge of the Okinote pond may occur over a
wide area of the bottom of pond.

Evalution of groundwater flow around irrigation ponds reveals that the Utetobi and Okinote ponds are referred to

as flow-through ponds and the Kougami and Rokudou pond are referred to as discharge ponds. Therefore, the Utetobi
and Okinote ponds may have recharge function of groundwater recharge.

Keywords : Irrigation pond, Groundwater recharge function of ponds, Flow-through lake, Radon mass balance



