Groundwater management
IN the Kumamoto area

Suizenji Park, Spring water
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Bird’s-eye view of Kumamoto Groundwater basin
( Kumamoto Municipal Water Bureau )

Bird’s - eye view of the Kumamoto are
and Aso Volcano

Kumamoto area
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Water level of deep aquifer

In May,1985
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Groundwater management in the Kumamoto area
Southwest Japan

Groundwater basin (1007 km?) covers 13 administrative
divisions.

They concluded the basic agreement to preserve groundwater
in the area. This is an epoch-making event.

From Mt. Aso to Ariake Bay, water cycle & balance are clearly
evaluated by simulation model study and well monitored in
terms of water level, spring discharge and water quality.

Groundwater abstraction : 186.2 million m3/year (510,000
m3/day, 2006)

976,000 people, for urban, agriculture and industrial activity

Domestic water (320,000 m3/day) is dependent on
groundwater by 100%. Clean water, just chlorine added.

Alternative water source (surface water) unavailable

After the target for preservation of groundwater is shown to
the public, the program has progressed up to the present.



Procedure for groundwater basin management

(1) Research stage : to set up objectives, such as understanding
of the status of groundwater problems and determination of
permissible yield (critical water level)

(2) Observation stage ; to monitor whether the permissible level
has been accomplished or not

(3 Management stage ; to practice the original function of
groundwater basin management , including the intensive
promotion so as to save groundwater use

In three stages, such facilities as observation wells, data
base, simulation system are required.

In the early part of the research stage, the plan is constructed,
Including cost estimate.



Whole view of
hydrologic cycle of
the Kumamoto
area

Groundwater basin
management in
Kumamoto area

From Mt. Aso to
Ariake Bay

Water cycle & balance
are clearly evaluated
by simulation model

Preservation target is
shown
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Volcanic rocks in Northern Kyushu




Geologic Succession of Aso Area  (Hase et al. 1998;Furukawa et al.2000)

Radio Active| Thickness

Geologic age Geologic Name (YBP)
G 1000) (m )
Holocene Ariake clay Bed ca. 9 24-32
S himabarakaiwan Bed 18 6+
Hodakubo/ Takuma
g?_ GraveI/Bed _ 15-20
= Aso 4 WT 80-90 6- 20
Miyuki Bed — 20-30
Pleistocene Aso 3 WT 120-130 8-20
Togawa lava flow ca. 150 60
e Aso 2 WT — —
S | Aso2/1 inter Bed — 35-135
= Aso 1 WT 250-280 10
Suizenji Bed ca. 300+ 35+
Lower Pleist. Pre- Aso Volcanic L L
~P liocene Rocks
Upper Cretaceous Mifune Group >65,000 —

Pre- Cretaceous | Metamorphic rocks —




(Kumamoto P. &
Kumamoto C.,
1986)

"Geologic map

Kumamoto

City Hall Recharge

area

Kumamoto
station

alluvium

Terrace dep.

Ariake Bay

Takayubaru lava

Aso pyroclastic dep.

Pre-Aso volcanics

Mifune F.

Metamorphic Rocks




North-South Cross Section North
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Boring core of Togawa lava flow, Good aquifer
ca.25m — ca.98m ( ca. 70m thick)
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Close-up of drilled core of Togawa lava flow
(porous, good aquifer)

it with pabbles

Ny -‘ ~Black and porous lava,
' ncreasngly grayish downward

Brownish- gray colored with
pialy joints

/ 'Gtayish and compact

s Black and porous
Sand and gravel

Typical lithologic cross section ( Morishita,1992) (Kumamoto City)



Outcrop of Aso
Welded Tuff

g Columnar joints are developed, much

effective porosity, good aquifer










Depth: 40m, diameter: 350-450mm



Annual change of groundwater pumpage

in the Kumamoto area and city
(From 1990 to 2000)
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Heavy draught year PUMpPage of the Kumamoto area

Kumamoto Pref. office
¥10,000 mely ¢ bujlding ( )

20404 24205

25000 +

Mm4ed4 20432
18,712
20,000 - 1

15,000 +

10,000 11

5,000 1 Public water supply

0

1991 92 93 94 95 96 97 98 99 2000 01 02 03 04 05 06




Monthly groundwater level ( Toshima station in the
middle of the basin ) from 1987 to 2007
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Discharge of spring water of Suizenji-

Annual precip. Daily discharge

mm Ezuko from 1992 to 2007 *10,000 m3
40000 —— 60.00
| B ] K B
- 13,5000 .
e B K 1 50.00
ﬁ"- ] '_{tﬁrﬁ]ﬁ
3,0000 | h_‘ L_,i__ r d:scharge »
T — 1 40.00
25000 | SN
2,0000 | 1 3000 |
[
15000 | |
| I‘ | 120,00 I
| [
| 1.0000 | | |
Annual precipitation | |
, | 11000 |
5000 | | | |
| AR |
| 0.0 Lole - - —. e . L 0.00
| — — — = = - w—t -t ) ] P ) ] ] ]
, @ ®w © © ©w w © W © © O 0 O O O
| w0 w ©w w w w w w0 o o o o o o o
1 B & » o o N & © O = ® h @ %

(Tokai University)



Geologic cross section in the west to east direction
groundwater is regulated by upper aquifer (pyroclastic flows),natural subsurface dam
and lower aquifer (andesite lava flow)

Shirakaw

atural barrier of

basement rocks YIRS
(e) West to east cross section of Kumamoto Region. Location of section line is
indicated in {a).

*
Absolute age * 1000 years before present (Urban Kubota)



Modeling of groundwater basins

Plain —— TE‘”EGE, Hill Recharge area
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Outcome of simulation study of 2007 and forecast in 2024

(million m3/year)

year 2007 2024
hydrologic parameters Case 1 Case 2 Case 3
recharge in _table land 495.1 458.2 531.5
) recharge in mountains 100.4 100.0 100.1
inflow
leakage from unconfined aquifer 4.8 4.9 4.6
sub- total 600.4 563.2 636.2
groundwater _abstraction 186.2 186.2 170.0
spring discharge 342.6 297.3 370.6
outflow .
outflow to adjacent areas 93.6 80.5 93.8
sub- total 622.6 564.0 634.4
water balance -22.2 -0.8 1.8
precipitation at Kumamoto Observatory 1946.0 1946.0 1946.0
(mny year)

Case 1 : Present situation
Case 2 : Forecast conditions are as follows (if countermeasures are not achieved),
1) Rechargeable area will decrease according to average rate 1.12 km?/year during
1990 to 2006. 2) Groundwater will be abstracted at the rate of 186.2 m3/year(2006).
3) Precipitation will continue at the rate of average year of 1946 mm/year.
Case 3 : Forecast conditions are as follows (if countermeasures are achieved),
1) Artificial recharge will attain the final target of 73 million m3. 2) Groundwater
abstraction will save down to 170 million m2 of upper limit.
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Decrease of
rechargeable
area

1 km grid
resolution
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e Diagram showing the

- _ E-4 HABREEDABEEROTA Recharge area
relation between time Recharge quantity (km2)
until 2010 and recharge (millcRims e 8 s . T
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Where does decrease of infiltration go away?
Let think from the viewpoints of water balance.

Basic Formula P-R-E-1=4S
R=P-E-1-4S
P: Precipitation
R: River Runoff

E: Evapotranspiration

I: Infiltration : underground for
recharge

AS: Difference of groundwater storage



Location of two rivers




Change of
river flow
discharge in
Kumamoto

averages of
1955-1976 L
and

1977-1998 B
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Definition of flow discharge

River flow
1: Wet discharge =25% exceedance for 95 days
2: Ordinary discharge = 50% exceedance for 185 days
3: Low discharge =75% exceedance for 275 days
4: Draught discharge = 97% exceedance for 355 days

River flow
discharge g
4

1 95 185 275 355 365

Order of daily flow discharge



Annual precipitation from 1955 to 1997
in Kumamoto (mm)
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Managing issues which the Kumamoto should
solve in the near future are as follows,
Water level declines for long term

Spring discharge decreases for long term
Rechargeable area in the middle to upstream decreases gradually

100% dependent upon groundwater

No alternative water resources available

Water use for domestic per capita is more than averages of
other cities in Kyushu.

Water quality deteriorated mainly originated from fertilizers,
which are used for agriculture in suburb.

Formulating of groundwater conservation plan ( Prefecture,City)
Building-up of local governance system

On a basis of monitoring, the managing policies and results are
recommended to evaluate from viewpoint of PDCA ( plan, do,
check and act, ISO ) cycle.




Principal target for groundwater preservation policy of
Kumamoto area by Prefecture office ( 2 0 0 8 )

Target parameter Target year Target value

Groundwater recharge | 2024 73 million m?

2024 170.0 million m?

Groundwater abstraction (0.47 million m3/d.)

Decrease of Groundwater

. .
abstraction 2024 16 million m

Nitrate-N content 2024 all wells <10 mg/L




Preservation guideline of land use in view of
groundwater recharge and its quality

Zone Guideline for Guideline for
divisi Area and land use preservation preservation
on of recharge of water quality
1.New development is
not invited in
* River terrace in the principle 1. Hazardous substances
I middle reach of to groundwater is
Shirakawa river 2.In case of evelopment, kept away
» Irrigated paddy rainfall infiltration is _ _
to equally be 2. In case of introducing
maintained and handling
, — hazardous
1.High land, irrigated substances
paddy f '
1.In case o . Anti-
2.Forest and bare land in development, strﬁggbrséhmk
the foot.of Ueki high grass land is against earthquake and
I _land and . maintained facility is ensured
Kinpozan mountains as wide as possible ~'Storage is
3 Forest, grass land, 2.Rainfall infiltration Qégggéé%d and
vegetable field ~and facility is - Monitor and report
irrigated paddy recommended to soil and groundwater
1. Grass land in the suburb ensuge groundwater condition
I of urban area recharge periodically

2. Mountains
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Principal target for groundwater preservation
policy in 1st stage of Kumamoto City (2004)

Year &

. 2002
numerical (base line)
Target parameter target
Qtity | Year | Qtity | Year
— 4
Addition ofgrqqndwagter 30 5008 — | 2002
recharge ( *million m°/y )
Decrease of groundwater
pumpage ( *million 4 2008 — | 2002
m’/y )
Groundvvater pumpage 13 5008 117 | 2002
* million*/year )
gj%rapn% Watersp%%gp e or equalitytg @bstractip(&io pf &% in|the 002
* Kumam o{Z @@@@'tﬁe inal target of recharge is set up 7B million n|13 in 2024.




Principal target for groundwater preservation
policy in 2nd stage of Kumamoto City (2009)

Target parameter

Target year Target value

Year

Present value

Groundwater
recharge

2013 30 million m?

2007 12.23 million m?

Decrease of
groundwater
abstraction

2013 4.8 million m?
(104.68 million m?)

2006 109.48 million
3

m

(0.3 million m3/d.)

Domestic water
use/capita/day

2013 230 {/capita/d.

2007

241¢/capita/d.

Nitrate-N content

2013  exceeding 10
mg/L < 5%

2007

19.6 % (22wells/
112 wells)




Set-up of monitoring standard groundwater level for
preservation policy
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(Kumamoto P. &
Kumamoto C.,
1986)
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Sky view from the downstream to Mt. Aso




Seasonal fluctuation of water level in
table land and alluvial plain (1981-82)

elevation Central table land
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Impound artificial recharge in paddy field, Kumamoto, 2004

b

The project started in 2004. Artificial recharge planned : 7.65 mill. m?/1 ~ 3 months(1 % of
total recharge) : 255ha/60days=50 mm/day in average, at maximum 200 mm/day after
plowing. Agreement between the Water Work and farmers : subsidiary paid 90,000
yven/ha( US $ 770), Surface water is impounded to fallow paddy during May to October.
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“Paddy will give birth:to the best tasted groundwater in Japan”



Groundwater recharge plan of 2" stage scheme

area target 2009 2010 2011 2012 2013
recharge volume(* 1000m3) | 14,760 15,098 15,435 15,773 16,110
Kikuyou Town .
Ohtsu Town total area (ha* month) 492 504 515 526 537
new tactics (* 1000m3) — — — — 6,334
_ recharge volume(* 1000m3) 1,650 1,688 1,725 1,763 1,800
Kumamoto City
total area (ha* month) 55 57 58 59 60
Table land (Nishihara,Mufune) recharge volume(* 1000m3) — — 1,476 2,951 4227
huose,farmer recharge volume(* 1000m3) 222 444 666 888 1,110
Rain harvesting _
enterprise,factory| recharge volume(* 1000m3) 419
total recharge volume (* 1000m3) 16,632 17,320 19,302 21,375 30,000

- Kikuyou ,0Ohotsu Towns and Kumamoto City
Recharge volume=infiltration rate 100 mm/day x total area x30 days x10000

- Table land : Nishihara 79 mm/day, Mifune : 43 mm/day

- Rain harvesting : household for infiltration by rain box , farmer for green house

- Groundwater users of enterprise and factory > 30,000 m3/ year : independent
method




Monitoring of groundwater level in front of the
City Hall of Kumamoto




Newspaper tells “preserve groundwater by a new tax “

“Willingness to pay” extra burden 2287 yen/month acceptable
Water saving campaign
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Comparison of Domestic water supply
unit cost & quantity (1Us$=120ven)

city ltem Unit 2003 2002 2001
Domestic f/day/capita 246 254 257
Effective income rate % 89.2 89.6 88.3

Kumamoto
Production unit cost dollar/m3 1.24 1.24 1.31
Supply unit cost dollar/m3 1.42 1.42 1.42
Domestic f/day/capita 202 203 205
Effective income rate % 95.5 96.6 96.0

Fukuoka

Production unit cost dollar/m3 1.88 1.92 1.88
Supply unit cost dollar/m3 1.96 1.97 1.99




Establishment of Groundwater Conservation League
of the Kumamoto Area in 2008

13 local autonomies signed to join the league.

The league, which crosses administrative boundary,
includes whole groundwater basin of ca.1041km?.

This means the administrations are workable in
harmony with hydrological cycle of water.

The agreement is worth taking concept of the one
million people living in the basin into consideration.

Because it is thought to be derived from mutual
understanding that they live in the same “commons”
and overcome opposition of stakeholder’s interest.



Groundwater is regarded as viewpoint of water basin management
Upstream: land use, artificial recharge

Downstream: spring reservation, water saving campaign

Local governments: institutional & financial frameworks constructed
Informing, consultation and partnership are executed

Citizens, experts and enterprises are involved

To perform each part respectively based on global conception of
environment preservation

Essential parameters for evaluating local governance

Basic Environment Law prescribes local municipal corporations play an
important role to objectively execute environment preservation policy.

Environment governance system is on the way to be established
It is highly evaluated that Kumamoto city has contributed a great
deal to international cooperation for long time.



¢ Purification of groundwater quality
#Prevention of salt water intrusion
#Strengthening of groundwater reservoir
¢ Prevention of land subsidence
¢Groundwater heat reservoir
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Method of groundwater TABLE 13.1 Distribution of Artificial Recharge

recharge Projects in California by Method of Recharge
(after Richter and Chun®?)
Percent of Percent of
Method Recharge Projects Recharged Water
Basin 54 58.4
Stream channel 15 29.5
Ditch and furrow 8 9.4
Pit 7 L3
Well 12 1.0 Todd, D.K
Flooding IS 0.4 PO
100 100.0 ( 1980 )

Diversion structure

Stream
7 J/Fence, #5 required -
5 Y\' y 4 =

Dutfall | Eox iy Intake
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Fig. 13.1 Typical plan of a multiple-basin recharge project diverting

water from a stream (after Amer. Soc. Civil Engrs., Ground Water

Management, Man. and Repts. on Engrng. Practice 40, 1972). Fig. 13.3 Channel spreading with rock-and-wire check dams in
Cucamonga Creek near Upland, California (courtesy D. C. Muckel).
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Fig. 135 Cross section of a recharge pit at Peoria, [llinois (after

Suter and Harmeson™).
(Todd,D.K.,1980)

Fig. 13.2 Aerial view of spreading basins adjoining the San Gabriel
River, Los Angeles, California, and temporary finger dikes within the
river channel (courtesy Los Angeles County Flood Control District).
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Fig. 13.9 Typical time
variation of recharge rate for
water spreading on

undisturbed soil (after
Muckel™!).
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Fig. 134 Spreading ditches in Tujunga Wash, Los Angeles, California
(courtesy City of Los Angeles Department of Water and Power).
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Decrease of specific injection rate

injection rate(m3/sec)
water level rise in a well(m)

Specific injection rate =

og W
ok W
ALEN

5 ol i 45mIFEA
4 LR
oL M

0 1 2 3 A irm
1 9 3 4% 10" m*

(W i)

Accumulative volume of injection water m3)



Three types of well strainer

| Pipe-base
Johnson type screen (Driscoll,1986) (RIST Scresecr:;—:-en

(Driscoll,1986) o

Figure 12.10. A pipe-base screen is constructed by

wrapping wire around, or placing a continuous slot

screen over, a perforated pipe base. This excep-

H tionally strong construction is often specified for
Sllt type oil wells and occasionally for deep water wells.
Both steel and plastic materials are used in this

type of construction.
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SO| I Square recharge
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. . i Fig. 13.12 Diagram of a recharge mound in a water
Infiltration by underground perforated pipe table beneath a square spreading basin.

Negative factors for recharge (Todd,D.K.,1980)

What causes clogging of injection rate ?

Infiltration through side wall
1) Suspended solid in injection water
2) Chemical reaction in aquifers

(ex. deflocculation caused by reaction of high
sodium water with fine soil particles)

3) Multiplication of bacteria (microbe)

4) Air bubble Occasionally scratch Silting on the bottom
5) Change of soil particles distribution




i Recharge in the arid zone

= Locally made Check dam in Matmata, South
Tunisia, fossil blackish groundwater =>
pumping =>pipeline =>desalinization plant =>
domestic use in the cities in the downstream

= Micro-catchment water irrigation & harvesting in
Siraz, South Iran

shallow ditch and mound around the Fog tree
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Micro Catchment Water Harvesting for Fig Tree Farm in Iran (2009)






Micro Catchment Water Harvesting for Fig Tree Farm in Iran (2009)
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