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S.Conclution 
Environmental  degradation  and  poor  economic  conditions  are  a  serious  problem  in  sandy  semiarid 

regions.The  proposal  strategies  are  optimal  for  natural  resource  utilization  are  to  promoting  the 
efficient  utilization  and  reclamation  of  desert  ecosystems.  The  ecotechniques  for  rice  production 
are  practical  for  the  region.The  approach  helps  control  desertification  and  increase  rice  produc- 
tion  ,  and  have  a  high  economic  income.  However,  the  premise  of  their  application  is  based  on 
abundant  water  availablility.  They  are  labour  intensive,  require  skill  and  capita1.  The  farming 
system  is  suitable  for  a  family. 
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Yield  Improvement  of  vegetables  by  using  a  super-water- 
absorbent  polymer  in  sandy  soil 

Toshihiro  YAMAZAKI*,  Masanao  Matsumoto*,  Jiro  ASANO**and 
Hideshige  TODA* 

Abstract-Effect  of  addition  of  a  super-water-absorbent  polymer  (starch-acrylate 
graft  copolymer)  on  vegetable  yield  was  studied  in  sandy  soi1.  Addition  of  the  polymer 
to  sandy  soil  (10-30  kg/are)  increased  yields  of  tomato  (290-380%,  control= 
100%),  pak  choi  (170-220%),  turnip  (130-200%),  cabbage  (105-140%),  and 
daikon  (140%).  This  improvement  in  vegetable  yield  was  due  to  the  increase  in 
retention  efficiency  in  both  water  and  nutrients.  No  residual  effect  was  observed  in 
the  nextcuItivatton  forthe  SeVe 口 lltypes  ofpotymerSexam 而ぬ ・ 

Key  Words:  super-water-absorbent  polymer,  vegetable  yield,  sandy  soil 

1.  Introduction 
The  validity  of  super-water-absorbent  polymers  in  agricultural  use  has 

been  shown  in  raising  of  seedling,  greening,  reducing  watering,  and  growth 
ofsome  L ノ egeta トニ les  ( 丁 akeuChlet  al リ 1983; 丁 て )ya    a ， 寸 986;ouChl[e 亡 ;al ・ 1 

寸 989).  Howe トト erthe  planl  specles  studleL 九 are  sttil restricted.  ln  lhe 
present  study,  the  validity  of  a  super-water-absorbent  polymer  for  the 
improvement  of  yield  was  examined  in  several  vegetable  species  in  sandy 
soi1,  in  which  water  and  nutrients  retentivity  is  generally  low. 

2.  Materials and  Methods 

2.1  Cultivation  experiments  The  starch-acrylate  graft  copolymer 
(SANWET  IM-300,  Sanyo  Kasei)  was  added  to  sandy  soil  (Sand-dune  Regosol) 
in  the  weight  ratios  of  0,  1,  2,  and  3g/kg  air-dry  sand  (corresponding  to  0, 
寸 0.2O,and  3O  kg/are.lare= 寸 (OOm2)  ln  lhe  Smallpot  expe バ men 亡ヨ ， 0 丁 0 ， 10 ， 

2O,and  3O  kg/are  in  the  large  pot  and  fneld  expe 『 nments.  Tomato  was 
cultivated  in  a  small  pot  (1/2000are=0.05m2),  pak  choi  and  daikon  in  a 
large  bottomless  pot  (0.4m2)  embedded  in  the  field,  and  turnip  and  cabbage 
in  the  field.  The  residual  effect  of  polymers  of  several  types  were 
examined  by  the  cucumber-melon  cultivation  in  a  greenhouse,  and  by  the 

*  Coastal  Sand  Branch,  Shizuoka  Agr.  Exp.  Sta.,  Kaigan  4433,  God0,    Hamaoka,  Shizuoka  437-16, 
Japan  (Fax:  +81-537-86-5244) 

**  Morioka  Branch,  Nat1.  Inst.  Vegetable,  Ornamental  Crops  &  Tea,  Iwate  020-01,  Japan 
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(Calc@ り nnSho れ ageage)Sprspreeadandlnhlbltedtheth@dkenlnathefrult 
the  control  (no  polymer  addition).  The  calcium  shortage  is  cons 
accelerated  by  radical  change  in  soil  moisture.  In  this  case  the  addition  of 
theCopol ノ n ハ er ハ nlahtaHeVlate ヰ he 巾 O 
indirectly  improve  the  yield  of  tomato 

In  the  cultivation  experiments  in  g 
various  types  of  super-water-absorb 
the  1  st  cultivation  (cucumber,  120-130%;  komatsuna,  110-180%)  was 
observed  for  all  the  polymers  examined  (Fig.  2).  No  residual  effect  of  the 
polymers  was  observed  in  the  next  culture.  The  function  of  the  polymers 
might  be  lost  due  to  biodegradation,  physical  degradation  in  molecular 
structure,  and/or  adhesion  of  cations  such  as  calcium  and  maqnesium   
abundant  in  soil   

Fig.  2  Effect  of  polymer  addition  on  vegetable  yield  of 
thelst  and  2nd  cultivations.  The  polymers  (10kg/a) 
were  added  at  the  start  of  the  1st  cultivation. 

a,g:  starch-acrylate  type;  b,  j:  CMC  type;  c,  isobutylene  type; 
d,  h:  acrylonitrile  type;  e,  f,  i:  acrylate  type 
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A  Brine  Chemistry  Model  to  Simulate  the  Formation  ofEvaporites 
in  Waters  Undergoing  Desiccation 

Kenne 山 K  T    n* 

Abstract  -  An  opportunity  exists  to  harvest  salts  from  saline  waters  that  are  no  longer  usable  through 
solar  evapoconcentration.  A  brine  equilibrium  chemistry  model  (C-SALT)  has  been  formulated  to 
simulate  the  mineral  precipitation  of  evaporites  from  desiccating  hypersaline  waters.  C-SALT  is  a 

specific-ion  interaction  model  based  on  the  Pitzer  equations.  It  has  been  validated  with  data  from 
desiccating  seawater  and  then  utilized  to  simulate  the  sequence  of  evaporite  formation  when  saline 
agricultural  drainage  waters  are  desiccated  to  near  dryness,  producing  thenardite,  halite,  gypsum,  etc   

Key  Words:  Pitzer  equations,  dissolved  mineral  salts,  halite,  thenardite,  gypsum   

1.  Introduction 
Since  water  is  a  scarce  resource  in  arid  regions,  water  should  be  used  undl  no  longer  usable. 

Saline  waters  may  be  used  for  purposes  not  requiring  freshwaters,  but  such  uses  are  limited.  An 

  opportunity  exists  to  harvest  salts  from  brines  and  other  hypersaline  waters  to  more  fully  utilize  this 
often  wasted  resource.  This  paper  describes  C-SALT  (Smith  et  a1.,  1995),  an  equilibrium  chemistry 
model  based  on  the  Pitzer  equations,  to  simulate  evaporite  formation  when  saline  agricultural 
drainage  waters  are  evaooconcentrated. 

2.  Theoretical  Basis  of  Model 
Geochemical  equilibrium  models  have  been  formulated    to  compute  chemical  speciation  and 

solubility  of  minerals  in  aqueous  systems  (Jenne,  1979).  In  these  models  the  activity  of  solute 
species  in  heterogeneous  solutions  is  obtained  from  the  product  of  its  ionic  molar  concentration  and 
its  ionic  activity  coefficient.  Most  of  these  models  are  based  on  the  extended  Debye-Huckel  (eq.  1) 
or  the  Davies  equation  (eq.  2)  to  calculate  the  single-ion  activity  coefficients  as  a  function  of  ionic 
strength  for  longer-range  electrostatic  forces,  and  use  thermodynamic  values  for  shorter-range  ion- 
ion  association  as  well  as  mineral  solubility.  The  Debye-Huckel  and  the  Davies  equation,  however, 
are  only  applicable  to  ionic  strengths  up  to  0.5  molar  which  is  less  than  seawater.  Therefore,  a 

number  of  investigators  (Melchior  and  Bassett,  1990)  have  resorted  to  the  use  of  the  Pitzer  equations 
(1979)  which  is  applicable  to  ionic  strengths  up  to  about  20  molal  (eq.  3). 

*Dept.  of  Land,  Air  and  Water  Resources,  Hydrologic  Science  Program,  Univ.  of 
California,  Davis.  California  95616  USA  (Fax:  +1-916-752-5262) 
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  0o   
  乃 L     

109 乃 二つ・ 050852f[( 「 0 ・ 5/(t 十 703)) ― 0 ・ 3L 

(1) 

(2) 

(3) 
h 乃二ぬ 朽 D H+ ヱ巧 (D 川ブ +4ZCf ノ人 肝川了 川止十・ … 

where  Y  is  the  ionic  activity  coefficient  of  solute  species  i,  z  is  the  charge  of  the  ion,  I  is  the  ionic 
strength,  a  is  the  ion-size  parameter,  DH  is  Debye-Hucke1,  m  is  molality,  Byf/)  is  the  second  virial 
coefficient  for  ion  pairs  between  species  i  and;  that  are  dependent  on  ion  concentrations  and  7,  and 
Cijk  is  the  third  virial  coefficients  for  ion  triplets  between  species  i,  j  and  k  that  are  dependent  on 
only  ion  concentrations  and  not  /.  The  binary  ion  pairs  may  consist  of  cadon-anion,  cadon-cadon  or 
anion-anion  pairs,  and  the  ternary  ion  triplets,  cation-cation-anion,  and  anion-anion-cation  ion 
associations.  In  addition,  ion-neutral  and  ion-ion-neutral  interactions  are  considered.  Consequently, 
the  Pitzer  equations  are  known  as  the  specific-ion  interaction  mode1.  The  Pitzer  equations  is  based  on 
Gibbs  excess  free  energy  of  mixing  comprised  of  the  difference  in  change  in  free  energy  between  a 
real  mixture  of  solutes  and  ideal  mixture.  Computations  involve  minimization  of  the  excess  free 
energy  of  mixing. ―   

C-SALT  (Smith  et  a1.,  1995)  requires  input  data  on  initial  stoichiometnc  concentration  of  ions, 
thermodynamic  file  data  on  ion  pairs,  triplets  and  solid  phase  minerals,  extent  of  evapoconcentration 
(a  concentration  factor  of  one  will  give  equilibrium  speciation)  or  dilution,  and  temperature 
corrections  for  stability  constants  over  10  to  40  ｡ C.  Carbonate  chemistry  and  pH  are  handled 
specially.  If  pH  is  not  specified,  C-SALT  will  compute  pH  from  constituents  comprising  total 
alkalinity.  If  the  calculated  I  is  less  than  0.4  m,  the  Davies  equation  is  used  to  calculate  Yi.  Output 
data  is  extensive  including  speciation  of  free  ions  as  well  as  binary  and  ternary  associated  ions,  and 
moles/kg  of  precipitated  evaporites. ― 

The  single-ion  activity  coefficients  in  seawater  calculated  by  C-SALT  differed  only  slightly  with 
those  reported  by  Whitfield  (1975).  Simulation  runs  on  the  desiccation  of  seawater  with  and  without 
carbonate  species  were  in  good  agreement  with  those  of  Harvie  et  a1.  (1980,1982).  Table  1  gives  the 
chemistry  of  standard  seawater.  It  should  be  noted  that  seawater  is  supersaturated  with  dolomite 
[CaMg(C03)2]  but  dolomite  does  not  form  in  seawater  because  of  kinetic  limitations   
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Table  1.  Chemistry  of  Seawater  and  Peck  Pond  in  moles/m^     
COnst] 山 en 吟 ―   

丁 ・ 90 
― 

P   フ ・ 39 
Na 479 ・ 3 94 ・ 0 
Me 54 ・ 5 4 ・ 68 
Ca 10 ・ 6 11 ・ 8 
K 10 ・ 1 0 ・ 19 
Cl 558 ・ フ 20 ・ 3 
S04 28 ・ 9 45.3 
HC03 2 ・ 93 16 ・ 3 
cos 0 ， 008 0 

    

Table  2  gives  representative  computed  results  for  seawater  desiccation  without  dolomite.  Calcite 
[CaC03]  and  magnesite  [MgC03],  not  shown,  are  present  at  all  concentration  factors  (CF)  while 
halite  [NaCI]  begins  to  form  before  a  CF  of  15  and  thenardite  [Na2S04]  before  a  CF  of  50. 

Table  2.  Desiccation  of  seawater  without  dolomite   

  

  

or     

止旦 

    CCSOv 

， ltn 

  
  10 
0 ・ 630 6 ， 537 
1.028 1 ・ 249 
0.905 1 ・ 181 
0.982 0 ・ 773 
5 ・ 60E-3 1 ・ 18E ・ l 
0 0 
0 0 

  
刀 
7.927 
1.312 
1.195 
0.742 
2 ・ 39E-l 
5.289 
0 

川 
10 ・ 刀 
1.472 
10103 
0.732 
6 ・ 15Fl 
21 ・ 7 口 
9 ・ 50E ユ 

5.  Applications:  Desiccation  of  Evanoration  Pond ﾇ i 

Saline  agricultural  drainage  waters  impounded  into  evaporation  ponds  are  dissipated  by  solar 
desiccation  and  produces  salts.  For  illustrative  purposes.  Table  3  contains  simulated 
evapoconcentration  of  drain  waters  impounded  in  Peck  Pond.  Unlike  seawater  which  is  dominated  by 
Na  and  Cl  ions,  this  drainwater  is  dominated  by  Na  and  S04  ions  (Table  1).  Calcite  is  the  first 
mineral  to  precipitate  but  by  a  CF  of  15,  i 」 is  depleted  because  of  Ca  competition  for  formation  of 
gypsum  and  glaubedte  [Na2Ca(S04)2].  Thenardite  begins  to  form  by  a  CF  of  80  and  halite  at  a  CF  of 
90.  All  of  these  minerals  were  detected  by  X-ray  diffraction  analyses  of  salt  crusts  sampled  from  Peck 
Pond. 

Based  on  numerous  runs.  Table  4  gives  evaporites  expected  to  form  in  the  dessiccating  ponds 
under  increasing  CFs  and  varying  water  compositions.  At  early  stages  of  evapoconcentration,  calcite 
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and  gypsum  are  the  most  common  evaporites  formed,  and  at  later  stages,  thenardite  and  halite       
Table  3  Simulated  desiccation  of  waters  in  Peck  Pond     
Concentration  factor 
IOnlCSt 日 ngth(m) 
Activity  of  water 
Calcite  (moVkg) 
Gypsum  (mol/kg) 
Glauberite  (mol/kg) 
  en 町 dlte  (mCo    旦フ 

Hali[e  (mo 此 D 

  10 
0 ・ 139 1.368 
0 ・ 997 0.974 
2 ・ 6OEd 1 ・ 99E-Z 
0 8 ・ 20E-Z 
0 0 
0 0 
0 0 

刃 
6 ・ 038 
0 ・ 857 

0 
1 ・ 5IE ・ l 

6 ・ 75E ユ 
0 
0 

1 凹   
8 ， 877 
0 ・ 748 

0 
0 

4 ， 62EJ 
4 ・ 09E4 
8 ・ 33E ・ l 

Table  4.  Expected  formation  of  common  evaporites  depending  on  water  type  and  concentration 
factor   

Water  type Most  common  minerals  for  CF  ranges 
0 ・ 30 30-60 60-100 

-- ‥― " 。 " …。 " ― "" "- … " … " " ・ " ， "-" ， " ……… """ …・， "-" ― " ― " ―… " ――， ― " ―・ "" 。・―・― ― - ― ……・―・―‥ 

Na ， CI=S04 Calcite C 可 Ci ほ ，   什 ab 川 L 川 en 町 di 低 
Na,  Cl  <  S04 Calcite,  Gypsum Gypsum Glauberite,Thenardite 
Na,Cl ノ S04 Calcite,  Gypsum Thenardite,  Halite Halite,  Glauberite 

6.  Conclusions 
C-SALT  is  a  flexible  equilibrium  brine  chemistry  model  capable  of  handling  ionic  strengths  up  to 

20  mola1.  It  has  been  validated  with  seawater  chemistry  and  its  desiccation  sequence.  And  it  has  been 
successfully  applied  to  the  desiccation  of  saline  agricultural  drainage  waters  and  identification  of 
various  mineral  species  as  a  function  ofevapoconcentration  factors. 
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The  term  L1,  long  wave  radiation  from  the  atmosphere,  is  a  function  of  temperature  and 
humidity  in  the  air.whereas  the  term  <rTs4  represents  long  wave  radiation  from  the  surface. 

L[  =  (rT^a  -  b  el/2  ) Brunt  equation (6) 
Two  constants,  a  (=051)  and  b(=0.66)  in  this  empirical  equation,  are  called  Yamamoto  const. 
The  net  radiation  Rn  is  sensitive  to  the  temperature  of  ground  surface,  and  in  general 
difficult  to  measure  precisely  ,  although  it  requires  only  one  measuring  instrument.  On  the 
other  hand,  Rt  is  relatively  easier  to  measure  correctly,  but  two  measuring  instruments  (for 
Sl  and  U)  are  necessary.  For  reference,  example  values  in  Eqs.(2)  and  (3)  are  shown  below. 
units  are  all  watt  per  square  metre  and  surface  albedo  (ref)  is  assumed  to  be  0.1  : 

Atmospheric  Temp. a  T4 S  斗 LI R[ Rt ― oT4 
Daytime 20  "C 419 700 295 925 506 
Nighttime  10  "C 365 0 285 285 -80 

The  two  terms  of  heat  transfer,  sensible  heat  flux  H  and  latent  heat  flux  IE,  are  given  as 
H = h ( TS - T ) (7) 

]E = k ( ew ― e ) (8) 
The  term  h,  heat  transfer  coefficient  between  the  atmosphere  and  the  surface,  contains  many 
error  factors  of  measurement  and  difficult  to  estimate  precisely.  The  term  k.  latent  heat 
transfer  coefficient,  is  a  product  of  latent  heat  of  water  L  and  mass  transfer  coefficient  k* 
which  is  easy  to  measure.  The  relation  between  h  and  k'  at  water-air  system  is  known  as 
the  Lewis's  relation  : 

h  air  =  k  ， air  X  (CP)air (9) 
Thus,  we  measured  the  k*  value  experimentally  and  calculated  h  and  k  values. 

Finally,  the  following  equation  is  obtained  by  rearranging  Eqs.(l)  through  (9)     
(d0/d)2  cosff  (1-ref)(  1-ref  )Ioo  +  (0.51+0.066  e1^  )  (rT4 

=  a  Ts4  +  7.942(Ts  -  T)  +  11.913(ew  -  e) (10) 
The  equilibrium  water  temperature  Ts  can  be  estimated  using  this  equation  if  all  necessary 
data  such  as  atmospheric  temperature  and  humidity,  solar  radiation,  etc.  are  given,  and 
then,  water  evaporation  rate  can  be  calculated  from  the  vapor  pressure  at  the  temperature,   

Table  1.  Example  result  of  model  calculation  for  temp.,heat  fluxes  and  evaporation  rate   
Assumptions Calculation  results 

G  =  O  (thermal]nsulatlon  atthle  bottom) equilibrium  temperature      28.7  L 
quasisteady-state  (almost  no  wind) sensible  heat  flux H  ・ 28 ・ 9  W/m2 
T 二 2l C ・ rh 二 O 上   latent  heat  flux IE  155.9  w/m2 
R 十二 654    w/m2  ・ 引二 360  w/m2 evaporation  rate E  5.5    曲 y 

Table  1  shows  as  an  example  a  result  of  model  calculation.  In  this  case.  more  than  70% 
of  the  input  solar  radiation  is  converted  into  the  long  wave  radiation  from  the  surface,  only 
about  25%  is  utilized  for  water  evaporation.  Using  Eq.(lo),  we  can  estimate  the  steady  state 
evaporation  rate  at  any  conditions.  The  model  derived  here,  however,  is  still  too  simple  to 
represent  the  real  natural  evaporation  phenomenon.  In  the  next  step,  an  unsteady  model  will 
be  developed  with  the  effect  of  wind  velocity  on  the  mass/heat  transfer  coefficients  and  the 
presence  of  the  clouds  as  well  as  al1.  other  necessary  factors  taken  into  account     

If  the  temperature  of  ground  surface  can  be  kept  much  higher  than  that  of  the  surrounding 
atmosphere  by  absorbing  solar  radiation  efficiently,  it  may  be  possible  to  create  artificial 
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ascending  current  with  least  energy  consumption.  The  possibility  and  feasibility  of  this 

  

calculation  model  simulation.  discussed  Here,  above.  a  simple  The  others  model  should  of  tw0-dimensiona1,  be  examined  steady-state,  in  terms  of  fluid  natural  mechanics  convection by 

  

加か ―ト - 。 0 (11) 
仇 砂 

Momentum  equation 十 アー   (12) 

(13) 
Equation  of  energy OQ ― 吉苛十 8p(T ― zo) 

ffT 8T S^T (14) 
ぱ ― 放 +  v ﾑ o  方 ElK 方 

Equation  of  state     (15) 

Boundary  Conditions:  ﾇ iBv=0, r'=70  at  y  =s  0 (16) 
ば日 O ， r&L  at  ノ = 口 (l 丁 L 斗 

  

V C ・ v ・ よ "5 ・ダ (F) (18) 
wheI ・ e 

。 "( 判     ' (19)   0 ・ 2 

の亡） 

  
The  similarity  variable  n  is  defined  as さ一 

互ぎ 
  ロ C ・ノ 入 2/ づ― G ツ 5 ・よ (20) 

  
八 / 丁 0 巾 寸。   where 

(21) ノヰ l       O ・ 2 O ・ 4 0 ・ 6 

in  addition Height  y  [m) 

のの クロ 舌三呈 。 (22) Fig.  2.  Horizontal  velocity  profiles   

Eqs.(ll)  As  seen  through  above,  all  (15)  important  can  be  reduced  variables  by  are  a  similar  involved  transformation  in  the  parameter  to  the  Gr  following  (Grashof  forms: number),   

(23) 
仕苛 。 苛 ・ 苛 BCL 旧ア 
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ﾑﾑﾑ  Nomenclature  1  ﾑ   

and gFav 池血 nalaCC 小 r 如 on ゆ軒 
G:  heat  flux  by  conduction(w/m2) 

句 タ 

苛 。 苛 ( ど w ，は /) 。 苛苛 ( ピ w ，，， /) 日 ど低 "7 ・ (25)  h:  sensible    heat  transfer  coefficient 
(w/m2),  IE:  latent  heat  flux(w/m^. 

As  a  result,  we  obtained  the  following  ordinary  differential fc  latent  heat  transfer  coefficient 
equations  and  boundary  conditions:     ( 川血 2Cl  L ヰ     l<ng  wave  radla 甘 On 

  2 
from  比 ea 卜 (w 血八 R  4:to ぬ lradL   

(26) tlonto 也 ep 。 undSuH て 也ぬ 9 ，   

く 2 丁 L 斗 80   
B ・ C   /(0)o/'(0)=0,^0)sl  at  ワ =  0  . (28) 

グ ( 口 ) コゆ (00)ao at  V= 口 (29)   
The  integration  of  Eqs.(26)  and  (27)  was  carried     

out  using  Runge-Kutta-Gill  method  with  Nachatsheim   
～口 o   

Swigert  Iteration  Scheme.  One  of  the  simulation results  is  shown  in  Figs.2  through  4.  Fig.  2  shows           
horizontal  compensatory  flow  generated  by  ascending 

x ﾇ 10m 卜 ' 伽 current  Size  effect  of  the  black  body  is  clearly  shown か 1 
in  both  Figs.  2  and  3  (temperature  profiles  along  the 2 干 0 ・ 2 0 ・ 4 0 ・ 6 
height).  Velocity  vectors  are  illustrated  in  Fig.  4  in He 心 ht  ノ p 可 which  approximate  streamlines  can  be  seen.  The  height 
of  the  ascending  current  seems  to  be  about  6  times Fig.  3.  Temperature  profiles   
the  width  of  the  black  body  in  this  case.  Thus,  it  is 
expected  that  real  effective  ascending  current  will  be  generated  if 
a  black-body  like  zone  of  several  kilo  meter  square  in  size  can  be  constructed   

4 、 C 。 "    " ， i 。 u 
A  model  which  can  represent  the  evaporation  as  well 

as  the  ascending  current  was  constructed.  In  the  future 
we  will  improve  this  model  to  simulate  three     dimensiona1.unsteady,  more  complicated  phenomena.       Nomenclature  2   

Cp:  constant-pressure  heatcapacityd/molK^  E:  evaporation  rate   

(nun/day),  Gr:  Grashof  number,  P:  atmospheric  pressure(hPa),  Po:                                                                                   
air  pressure  at  the  ground  surface(hPa),  Pr:  Prandtl  number,  loa J2                                         solar  constanUw/m2),  refc  albedo  of  the  ground  surface,  ref:  albedo   

by  山 e 灯 Ound  SuHaceM 血孔 Sk  SOIar  radia ぱ On  at 山 e 灯 oUnd 
surface  (w/nA  Sol:  solar  radiation  at  the  top  of  the  atmosphere 
(w/mz)@T:a    卜 pheriC  LmP ・， T 丁 bmP ・ Of 也 eSU 而 e  at 山 erm 寸 
equ 山 bHum ， AL  TS ― T 口 。 u: サ el ぽ甘 ty  而 L 山 rF 卜 oIop,w  vel ぽ i 口   

in  y-direction,  y;  height(m),  X:  width  of  black  body(m),  p:   100 
coefficient  of  volumetric  thermal  expansion,  17:  similarity Length  [m] 
variable,  9'.  the  zenith  angle,  K  '.  thermal  diffusivity, 
v  :  kinetic  viscosity,  p:  density,  a:  Stefan-Boltzmann  const., 円 9 ・ 4   Velocity  vectors  in  X-Y 
4>:  dimensionless  temp.,  (A:  stream  function direction. 
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Storing  Water  in  Desert  Against  the  Global  Sea  Level  Rising 

C    NQi 砕 O ， LUSM 方 ，   YOn 回田 g 

Abstract  -  The  atmosphere  is  becoming  warm,  which  would  make  the  ice  mountains  to  melt  rapidly,  the 
global  sea  level  to  risc,  and  many  sea  shores  to  be  inundated.  This  disaster  can  be  controlled  or  lessened 
by  water  storing  in  desert,  whose  advantages  for  mankind  would  be  very  great,  for  either  controlling 
f100d,  or  acquiring  water  sources  to  develop  the  desert.  However,  the  engineering  project  is  giant,  it  must 
gather  the  force  in  the  world. 

Key  words:  Underground  water  storing.  Desert  water  storing.  Surface  water  storing.  Plants  water 
storing.  Air  water  storing   

1.  Introduction 
1.1  Effect  of  green  house  In  last  decades  the  carbon  dioxide  in  the  atmosphere  is  increasing  year 

after  year.  It  will  cause  the  concentration  of  carbon  dioxide  in  atmosphere  to  reach  a  certain  degree, 
and  it  can  form  the  effect  of  green  house  for  atmosphere.  It  is  said  that  the  consequences  would  be 
the  ice  mountains  in  the  world  to  melt,  the  sea  level  would  be  rising,  and  a  lot  of  land  on  the  sea 
shores  would  be  inundated.  If  this  case  would  happened  at  once,  it  would  cause  a  great  disaster  to  all 
mankInd.Therefore, 川口     d  mustm 払 e  mo5te 而れ to  Stop  而 Sdi5aSterhappe 血 g   

  .2  Possibility  of  inundated  disaster  At  present  the  ratio  of  land  area  to  the  ocean  area  is  about 
0.414,  it  is  said,  as  the  land  stores  water  of  one  meter  depth,  the  sea  level  will  decrease  about  0.414 
meter.  In-  other  words,  as  the  land  drain  off  one  meter  depth  water,  the  level  will  increase  about 
0.414  meter.  Therefore,  water  storing  in  large-scale  can  be  used  for  lowering  tlie  sea  leve1. 

However,  we  must  evaluate  water  quantity  that  would  cause  f100ding  disaster  to  how  much 
degree.  The  main  part  of  f100ding  water  source  is  the  ice  accumulate  in  Antarctica  and  the  mountains 
above  the  snow  line,  and  the  most  dangerous  is  the  water  from  the  former. 

The  ratio  of  area  of  Antarctica  to  area  of  the  land  is  0.094.  The  glacier  covers  the  area  of  the 
Antarctic  about  93%.  The  air  temperature  is  very  low,  the  mean  temperature  in  warmest  month  is 
below  O'C.  The  mean  depth  of  the  glacier  is  about  1700  m. 

If  the  ice  on  the  Antarctica  put  on  the  land  of  the  Earth, setting  the  correspondant  ice  depth  on 
the  Earth  as  x,  we  have  the  algebraic  expression  as  follows: 

1700  m  ， 0    094  二 I  ， x then  x=  159.8m 

If  the  density  of  pressed  snow  is  about  350  kg/m3,  as  it  melted  into  water,  the  water's  depth  h' 
would  be: 

F  =  159 ・ 8  X  350  +  1000  =55 ・ 93  m 

which  would  be  stored  in  the  Ocean,  the  sea  level  would  be  rising  up  about  the  height  h 

h=  55.93  x  29  -71 =22.85  m 
It  meant  that  the  land  below  the  sea  level  of  height  22.85  m  in  these  days  would  be  inundated.  Of 

course,  this  is  just  some  tendency.  Mankind  should  take  some  measures  to  protect  the  atmosphere 
environment,  and  to  prevent  from  this  disaster.  The  storing  water  in  desert  just  is  one  of  these 
e 田 CientmeaSure5   
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2.  Water  Storing 

  

2.l  w 寸 erStoddng  inUnLr    Ound  S    aCe  Wat 可 
storing  in  underground  space  is  a  general  method, 
and  in  special  case  it  has  active  meaning.  The  oil  well 
C 川 be  po 山九     山 water,which  is  caIl ぬ t 卜 water 
lift  recovery.  This  method  has  three  advantages:  the 
wat 可 C        血 e  M  la 咋 r  up;the  water パ eplaC 而 g 
oil  to  fill  the  underground  space,  can  keep  the  rock 
bodyin 寸 北山 ゆ ;thewaterre6uh 甜 w 川 wMCbC 川 
balance  the  water  produced  in  combustion   

Therefore,  the  oil  well  should  be  refilled  with 
water  in  order  to  protect  the  ground  environment  and 
the  underground  environment   

The  oil  wells  or  gas  wells  are  very  deep,  but  it  can     
become  shallow  with  refilling  water,   

The  water-1ift recovery  is  very  good  method  for 
water  storage. Fig.1  Water  lift  recovery 

2.2  Water  Storing  in  Desert 
2.2.1  Shifting  sand  bounded  by  water  The  land  of  desert  is  covered  by  the  shifting  sand,  which  has 

different  thickness  at  different  place  above  the  original  land  forms.  The  shifting  sand  is  very  easy  to 
move 市山市 血 ， theCo 血 四十 布 onoflandisC    旦司 veryofRen.TheshifttnG  samdLSveryd 如 SeFouS 
forhum 川川 d      小 ， wM 血 would  bebuded 皿 derthe5      卜 9  5 如 d ・ Fthe  5        g  S 如 d  CO 日 d  卜 
bounded  by  water,  the  conditions  and  the  face  of  desert  would  be  changed   Therefore,  it  is  very 
important  to  store  water  in  desert  which  is  the  first  step  against  desertification. 

  

Fig.  2  Damming  at  gorge Fig.  3  Damming  along  contour 
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  耳 L       
Wln 上   ，。   ・ 

    "' 。 ' ―   
刃素 ，   

2 ・ 2 ・ 2  The  d      ng  in  deSen 
2.2.2.1  Damming  at  gorges  Under  the  desert  there  are  many  mountains  and  valleys.  The  damming 

must  be  on  the  foundation  rock  at  the  gorge  like  the  dam  on  a  river.  It  can  gather  the  water  in  the 
" 川 eytoformareserVoIr 田即 re2)   

2 ・ 2 ・ 2.2  Damming  口 oone  contour Asiothemount 可瓜 ， 肚 d    山 O 口 d  beCo 山   加 4along 山 e 
contour  lines  as  shown  in  Figure  3. 

The  pores  within  the  desert  can  store  a  great  deal  of  water,  so  that  the  water  ruinning  away  would 
be  stopped  by  a  network  of  concrete  dams  as  shown  in  Figure  2  and  Figure  3. 

  edamming  山 O 叩 thecontoursC 川 6orm  agroup  ofterfaced  f6eIds,so  that 山 edese 甘 wouldbe 
changediuto  oasis 血 er 山 lewater 寸 Oh 叫 ・ 

3 ム Water  stormffin  ground  surface 斗 久 ふ e  ・ made  Iake5  e  topo 酊叩比可 
advantages  are  appropriated  to  build  the  lakes  on 
ground  surface.  In  desert  reform  there  is  a  need  of 
many  man-made  lakes,  which  can  store  a  great  deal 
of  water,  as  well  as  control  the  local  climate   

2.4  Water  Storine  in  Plants 
2.4.1  Reserved  water  in  forest  In  plants  is  kept  a 

great  amount  of  water,  which  is  divided  two  parts  the 
free  water  and  the  chemical  water. 

･  The  free  water  is  still  water,  which  exists  in  and 
out  of  the  plant  bodies,  such  as,  under  the  soil  around 
roots.  The  water  drops  within  leaves  is  called  reserved 
water  in  plants   Fig.  4  Local  wind  on  a  bank 

2 ・ 4 ・ 2  The  Ch      C 口 water The  chemic 口 water  is  the  mostimpo 『 nant.  It  isfui66iied  by  pI 如亡 
photosynthesis  with  solar  energy,  carbon  dioxide  and  water.  Green  plants  are  some  integrated 
productive  system.  In  the  desert,  the  water  is  very  lacking,  of  course,  the  yellow  desert  might  be 
changed  into  green  world  by  water  storing. 

Photosynthesis  consists  of  three  main  processes,  the  photochemical  reactions,  the  enzymatic 
reactions,  and  the  diffusion.  The  overall  processes  can  be  summed  up  in  the  equation  with 
rn 印     卜 m 

D 而 Sion 什 bm  atmoSphere The  photochemical  reactions 

  

The 回 uCoSe     

6C02  +  6H2O ・―， @ ‥・―・も CeH^oe  +602 
  

Diffusion  into  atmosphere 

T  e  enzymatic  reactions 

In  which  carbon  dioxide  and  water  are  combined  to  give  glucose  and  oxygen  thoroughly,   
The  envitonment  and  ecology  benefits  of  photosynthesis  by  afforesting  are  presented  as  shown  in 

Table  land  Figure  5   
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T 札 le  l ・ En      O    en 回川 dEColo 酊 Bene6tsof 
photo    血 e 丸 

components H^O  CO^  C^H^C^  0^   
molecular  number  6 6   6 
mol% 山町 wei 如 t  l8  叫 116 32 
仰 。 血 108  264 116 192 
ratio  of  event 
to  water   2 ・ 叫 t ・ O7  t ・ 77 
w 口   Lton   2 ・ 叫 1 ・ 07  1 ・ 77 

山米 

  

From  Table  1  it  can  be  seen,  using  1  ton  of  water Fig.  5  afforesting  benefits 
and  2.44  tons  of  carbon  dioxide  can  produce 
1.07  tons  of  glucose  and  1.77  tons  of  oxygen.  The  ecologic  benefit  is  very  good.  The  waste  things 
are  changed  into  good  things,  either  store  water  or  disposal  COi,  or  produce  Oi   

2.5  w 如 erSto 血 g  血 M 
In  arid  area,  water  or  vapor  in  atmosphere  is  very  low.  As  the  desert  stores  water,  forest  would  be 

developed,  the  cultivated  land  would  be  increasing  als0,  water  or  water  vapor  in  atmosphere  would 
be  richer,  which  is  an  inexorable  trend  and  a  consequence  of  afforesting   

However,  water  storing  in  air  follows  large-scale  storing  water  in  desert.  In  the  process  of 
changing  the  desert  into  green  land,  water  vapor  in  the  atmosphere  can  not  reach  to  the  degree  of 
good  weather,  but  it  can  be  made  in  local  place  with  such  good  weather.  The  solar  green  houses  will 
be  f6ttinG  toIun  aG ぬ 瓜止 deserti66Cationin  山 e  beginnIag  stage  (Cben  Qi 甲 O ， Lu  S 柑江 W 川 YOn 叫 nL 
1993).  The  water  is  cyclically  applied  in  the  houses,  the  rain  fall  can  replenish  the  stock  in  tree 
irrigating  system,  water  in  these  systems  is  increasing  day  by  day.  The  solar  green  house  systems  can 
assure  to  win  the  struggle  to  run  against  desertification   

3 ・ C0     1       0   5   
  

veryimpo tantformankimdto  「   叫血 M  d 郎 e      C 血 On   

ReLLn 卜 
  市 ping  (1984),EnvimmnmCntalPmmblCmS  aDd  StrQotgy  of  Chtaa@  cbina  E        口口 寸 i 口口   ， FM ， 

  

1993,  Hawaii   
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Desalination  Characteristics  of  Vapor  Permeable  Membrane  for 
l  「 rlg  "  a  t" lo  n 

Masami  Shiraishi*.  Yoshiyuki  Ohtsuka*.  Hiroyuki  li*,  Takuji  Nakamura* 
YO5hih 山 o  H 卜 aga** ， AtsuShI 丁 anIga 川 a* 人 

Abstract  -  Experiments  were  conducted  to  examine  the  fresh  water  production 
volume  of  the  membrane  using  several  thermal  differentials.  The  average  membrane 
permeability  coefficient  for  these  experiments  for  multiple  tubes  was  0.2281/hour/ 
"C/m2.  As  long  as  salinity  levels  remain  below  10%,  saline  water  can  be  reused 
without  significant  reduction  in  the  fresh  water  production  rate.  The  quality  of  the 
fresh  water  produced  was  extremely  good  for  irrigation  use.  The  thermal 
characteristics  of  subsurface  soil  were  also  investigated  through  experiments  and 
two-dImenSlon 司 lnUme 「 lCa@SlmulatlonSofth もト 山口 CO 爪 duCnVn ノ   

Key  Words:  Desalination,  Irrigation,  Membrane,  Saline  Water 

寸 ・ lnt 丁 OduCtlo れ 

Arid  and  semi-arid  regions  comprise  one  third  of  the  land  area  on  earth.  Lack 
of  water  poses  difficulties  for  agricultural  development  in  such  regions.  The  objective 
of  this  study  is  to  investigate  the  possibility  of  securing  additional  supplies  of  fresh 
water  for  irrigation  in  these  regions  via  the  desalination  of  available  saline  water 
using  vapor  permeable  membrane  technology  in  conjunction  with  solar  energy. 

The  proposed  Saline  water  Irrigation  System  consists  of  irrigation  tubes  made 
of  vapor  permeable  membrane  matter.  Saline  water  heated  by  solar  energy  runs 
through  the  tubes.  The  temperature  difference 
between  the  heated  water  and  the  cooler  soil  Q^)  gurfa 
medium  produces  water  vapor  which  passes  cond@@se 
from  the  saline  water  through  the  surface  of  Water 
the  membrane  and  condenses  into  fresh  water  vanox 
in  the  soi1.  (Fig.  1  ) 

2.  Vapor  Permeable  Membrane 
The  vapor  permeable  membrane  is  a  fine 

porous  membrane  with  hydrophobicity.  The 
membrane  was  fabricated  by  expanding Fig.  1  Distillation  Process   
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polytetrafluoroethylene(FTF^,  a  kind  of  fluoropolymer  which  has  good  waterproof, 
moisture  penetration,  and  release  properties.  It  is  also  unaffected  by  oxidizing  and 
reducing  atmospheres,  ultraviolet  rays  and  common  chemicals  such  as  acids  or  alkalis   

The  membrane  is  widely  applied  to  outdoor  equipment  as  waterproof  yet  vapor 
permeable  materia1.  Table  1.  shows  general  properties  of  the  membrane   

Table  l ・ Genera@characterisiicsofthe  membrane 
l ほ爪 Descri  tion 

Porosit 25 ～ 80% 
Densi 0 ・ 25 ～ 「・ 8  /C 巾 3 
Max.  Pore  Size 0 ・ 5 ～ 5 ・ 0  山 lcro 爪 ト e@  on  OroS は 

Thermal  Stabilit -240  ～ +270  ｡ C 
ChemiCa@ Stab 山 t Stable  in  acidit  alkalinit or  anic  solvent 
Weather  Resistance Stable  in  ultraviolet  ra  s 
H  dro  hilia 0 % 
Stickiness Non-stickiness  and  ood  release  ro  ert 

3 ・ 日 Deriment 
To  examine  the  membrane's  distillation  properties,  we  varied  the  experimental 

conditions  at  the  experimental  facility  shown  in  Fig.  2,  and  measured  the  different 
volumes  of  fresh  water  produced.  In  the  experiment,  we  pumped  cool  water  through 
a  normal  polyethylene  tube,  and  heated  saline  water  through  a  vapor  permeable 
membrane  tube,  which  were  combined  in  a  multiple  tube  (Rg.3).  Both  the  temperature 
and  salt  concentration  ratio  were  varied  as  vapor  pressure  is  dependent  on  these 
factors.  We  compared  the  volumes  of  fresh  water  produced  at  five  different  levels 
of  salinity,  i.e.  0%(city  water),  3.5%,  7%,  10.5%  and  14%,  at  several  different 
temperatures.  Saline  water  has  limitations  for  circulatory  use  as  the  salt  concentration 
gradually  increases  after  each  cycle,  and  the  dissolved  substances  begin  precipitating 

―。 紺 " 川は 
。 。 皿 。 "W" 

" 服 咄 " 川日川 " 

Fig.2  Row  Diagram  of  the  Experimental  Facility 
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at  the  20%  concentration  level   

4.  Thermal  Analysis  Model 
In  the  past,  we  studied,  through 

experimentation,  the  case  of  directly  laying 
underground  the  vapor  permeable  membrane 
tube.  This  time,  we  further  investigated  the 
十 he ト mal ChtaractGen(St@Cs  of  the  soil 

Id  Water 

アヰ e Hot  Saline  Water 

Vapo ト pe ト meable  Memb ト ane  Tube 

Rg.3  MiltipleTube 

Surround 旧 g  5 り bmerged  PlPe  by  nu 巾 erlC 司 
引 山川 atlonS ・ 丁 wo ， dl 川日 nSlon 司 an 司 y5@5fo 「 

the ア山司 CO 卜 duCt@Vlty  waS  appHed  to  the 
払 l 司 5y 山口 et 「 lC  area  atthe  Centero 十 the 
tube.  Fig.4  shows  a  simplified  model  of 
the  analysis  area. 

Primitive  differential  equation  for  heat 
transfer  is  given  by     

G ・ L   

- ， L-         ---- 
adiabatic           plpe    g  e1  """   

を。。 "" 。 w           sand 
plre pipe       

" 妃比如 C 
mputwater bound 呵 
卜 mpe 口口 Imm, 

  
flow  rate pipe 

adj 曲折 C 
bound"" 

Fig.  4  Model  of  Analysis  Area 

Where  ¥¥s  constant,  above  equation  is  modified  to 

ノ e ^'1Q 
主 ― 入         ― 入         

Where�0 : temperature  [ ｡ C] 
C : speCi66C heat [kCaU ぴ g ・て )] 
p  : denSity [k び 口八 3] 
      山 。 皿可 conduCtiVity FCaU ゆ・ いで )] 

5.  Results  and  Discussion 

5    l  Mu@tip@e  丁 ube  円け 0 ト山川 Ce 
Rg.5  showed  the  volume  of  fresh  water  produced  corresponding  to  the  difference 

in  saturated  vapor  pressure  between  hot  saline  water  and  cooted  water.  The  average 
membrane  permeability  coefficient  for  these  experiments  for  the  multiple  tubes  was 
0.2281/hour/ ｡ C/m2.  This  value  is  about  50%  less  than    the  value  for  membrane 
tubes  submerged  in  cool  water.  However,  one  meter  of  the  multiple  tube  is  able  to 
.supply  2.4  liters  every  six  hours  in  operation.  Bectric  conductivity  of  the  produced 
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waterwas  3.0 ・ 9 ・ 2  卜 S/Cm  ・ This  result                     十 -   ゆ。 "" 。。 lndlCateSth 寸 thewate 「 qUaIity  @Se ス treme け     "'"'"    ぬ       good  for  irrigation                       叫司 " 山。 As  shown  in  Fig.5, there  were  no  I           

significant  differences  in  the  volume  of  fresh         

  

is  possible  to  continuously  circulate  saline   
wateraS  longaSits  salin@ty  re 山川 nS  lessth 却   10 ・ ヰヰヰ 40 ・ ヰト O 30 ・ヰ 00 40 ・ト 00 50.000   w 叫 「   " 。 。 " 。 ' 。 " 川 
10%   Flg  .5  COm  pariSon  OfVolUme  OfProdUCtlon  Water 

Corresponding  to  Salinity  Level 
5.2  Temoerature  Profiles  in  Subsurface  Soil     口 9 ・ 6  is  a  COm  PariSon  of  com  ¦Uted  m ・。 

                      subsurface《oil  temperature  profiles  with - ノユ・ く 0 ・ 0 0                                                                                                                                                                                                         

    
once  every  two  hours,  for  one  hour         
Regarding》he  agreements  after  the  first 15.0 0 ・ 0  0 ・ 戸 1 ・ 0 1 ・ 5  マ・ 0  て・ S  コ・ 0  ユ ・ 5  4 ・ 0 
hour, ca@cul ニ八 ted  te 山 p 巳丁ニ 八 ture5  are  3 ・ 5 。て二 

Time  (h) 

lower  than  the  experimental  data  at  each  "^S-6  Temperature  Profiles 
distance.  These  differences  are  probably  due  to  the  difficulty  for  the  model  in 
capturing  changes  of  water  content  and  soil  temperature  as  water  passes  from  the 
tube  into  the  surrounding  soi1,  affecting  thermal  conductivity  and  specific  heat 
capacity.  Latent  heat  transfer  should  be  considered  as  wel1. 

6 ・ 山   Cl   5i0   
The  proposed  desalination/irrigation  system  of  the  study  consists  of  irrigation 

tubes  made  of  vapor  permeable  membrane  matter.  Experiments  were  conducted  to 
examine  the  fresh  water  production  volume  of  the  membrane  using  several  thermal 
differentials  of  the  membrane  tube.  The  multiple  tube  is  efficient  for  irrigation  from 
the  viewpoint  of  water  production  volume  and  quality.  The  results  of  these  experiments 
and  simulations  were  used  to  design  the  pipe-1aying,  watering,  and  thermal  balance 
arrangements  of  the  system. ― 
0htsuka,Y.,  Shiraishi.M.,  et  a1.  (1994):  Development  of  .a  Saline  Water  Irrigation  System  Using  a  Vapor 
内ト山 eable  Mem  brane ， JournalofArid  」 aand  口 Ud 山 s ， 4 ， 7 ・ ]3 
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Deve エ opment  of  a  Sa エエ no  Water  エヱどエ gat エ On  5y ヨ t   
U もユ ng  a  Vapor  Perpeable  ・ M    亡 a ぬ e 

(E ユ p 色亡エ mental  Cult エ vvat え oon) 

YOS れ上れ上 ko  HaSam H 土 LLaga" 土 S れ上 ， 二巳土 Atgugh s れ上 """ 土 ， "  YOS Tan れ上 土 gaWa yuk 土 ， Ohtsuka""" Ma ヨ ao  YOkota"" ， H 土 LOyuk ， H 土 tsuo  土エエ """ Kubota" ， 

Abstract  -  The             Water                       System                       the                         and 
                                                                            permeable  membrane(VPM).  We                 
out                                                     by two types of 戸 h エ S る ySte 血ク SubSu てて alaCe               
face エ rr ユ gat エ On   After  we  confirm  efficiency  of  this system ・ under  the Japanese 
                  we                   the                                     and                                             volume 
          the  UAE                   

Key                                                                                               VPM,  UAE   

1.  INTRODUCTION 
The  purpose  of  the  Saline  Water  Irrigation  System  is  to  carry  out  sa- 

line  water  desalination  and  irrigation  simultaneously,  using  a  vapor 
permeable  membrane  (VPM) .  We  have  confirmed  through  practical  basic  ex- 
periments� that  the  system  エ s  sulted  to  エ て亡 エ gat エ CQn. 

We  examined  two  types  of  thls  system;  subsurface  and  surface  エ r てエ ga ― 

tion.  The  former  type  passes  warm  saline  water  into  an  underground  VPM 
tube  and  supplies  the  soil  with  fresh  water  that  has  been  condensed  from 
vapor  cooled  by  soil  temperature. 

The  latter  type  utilizes  a  multiple  tube.  Multiple  tubes  are  composed 
of    an  outer  tube,  an  internal  VPM  tube,  and  cold  water  polyethylene 
tubes.  In  our  setup,  the  multiple  tubes  are  laid  on  the  ground.  Hot 
and  cold  water  was  passes  through  the  inner  tubes  from  opposing  or  iden- 
t エ Ca 工 d 土 rect エ OnS ・ In this  structure,  the vapor  passing  through  the  VPM 
エ S  coo エ ed  by  the  CO エ d water  and  condenses on  the  outer  tube  in  the  form 
Of  ・ 何 ater  drop エ etS ・ 

2 ・   THODS 

Experimental  cultivation  was  conducted  with  subsurface  irrigation and 
surface  irrigation  (multiple  tube)  under  the  following  conditions: 

LOCat エ OOn:  Greenhouse  Ibarak ユ /@  dapan ・ 

Cu 工 t エ Vat エ OOn  bed:  3  sand  cu エ tivatlon  beds(LX 何 XH=  6m  X  O   6m� x  0.  3m) 
Cu 工 t エ vvatted  Crop:  KOmats    a  (br 日 5S ユ C 日 c 日川 pe5Lr ユ S  Var ・ ノ 

Plots     (1)  Subsurface  irrigation. 
(2)  Surface  irrigation.  Multiple  tube  with  reverse  water  flow 

(hot  water  and  cold  water  are  passed  in  opposite  directions) . 
(3)  Surface  irrigation.  Multiple  tube  with  forward  water  flow 

(hot  water  and  cold  water  are  passed  in  the  same  direction) . 

1n  this  experiment,  service  water  was  used  as  feed  water  and  heated  to 
50 ｡ C  through  a  heat  exchange  with  hot  water  in  a  boiler, and  the  cold 
water  was  cooled  by  circulating  it  through  a  passenger car  radiator 
placed  outdoors.  The  pumps  were  driven  for  three  80  min   sessions  per 
day.  Six  irrigation  tubes  were  buried  15cm  below  ground  with  10cm  spac ﾂ 
ing  between  them,  and  three  multiple  tubes  were  laid  on  the  surface  with 
20cm  spacing.  Fig.  1  shows  the  outline  of  the  experiment. 

    Water  &  Irrigation  PT.,  KUBOTA  C0.,  Tokyo  103  Japan  (Fax:+81-3-3245-3300) 
  Advanced  Technologies  Laboratoy.  KUBOTA  C0.,  Ibaraki  301 JAPAN 
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ures  per  loa   Each 
shows  the  yield  for  e 
bed seCL 工 On d エ v エ ded 工 
エ engths O エ オ 2Dcm eaCh た 
the  upstream  to  the  do 

to that co   e て C エ aa 工工 y @m 
コ Va エオ ab 工 e ・ エ L 上 s コ ssu 而 ed 
that  the  poor  result  was UTPEB  ̂ -   - 十口 w@ 

due  to  both  the  shortage Fix  4  YIELDS  BT  THE  SUBSUSiFACE  IRRIGATION  (KOMATSUNA) 

Of エエ r エ gaL エ On Water and 
the  adverse  effects  on  the 3000 
roots  caused  by  the  higher , 聽 , 
soil hot  water. ・ temperature でて Om Lhe i 川 

エ n a pfeV エ Ous expe エエ ment N 口 

口 Cess theC 5 エ ngng で u いエ 工 p ・ L 工 エ anters@ VaL COunLer 工 OQQQQwassu however@ 川 eaSufeS こ - L 乏 lz lop0 山 @ 山 

to prevent any fuLure cu エ -   
t エ vat エ onon wou 工 d be エ n こて eFs- 4 山 

ing tion  ・ the  water  amount  by of エ bury てて上 93- エ ng l 山 
tubes  at  shallower  depths,   
w 工 den 工 n コ Lh 色 spaCes be ― UPPER  ^- 川ひ - ト山 M 
tween  the  tubes,  and  a1- Fi(  S  YE1LDS  BT  SURFACE  IMtGATIQN  (KOHATSUNA) 

工 O いエ ng 「 ooLs to g エ O ト de 色 pe て (tltkus auo 上 d 土い コ COcQntact with the hot water)   
3 ・ 7 Sur た aCe Trr 土 qaL 土 On F エ q ・ 5 shows the yie 工 dS by surface 上 rr 土 gat 土 On   

The 5urfaC ミエエてエ gaL 上 on エ esu エ Led 上 nn a ha エ Ue5L O た KO 川 atsun55und Wh オ Ch Hawds a エ - 
most of the same qua 工 ity as CO   E エ c オコエエ y produced. The cu 工 t エ vat エ onon beds 
w.r 工 Lh mnu 工 L エ n 工 ee te tubes in which hot and co 工 d water was passed in OppoS エ Le d 上二 eCt 工 Ons h 三 d s オエ qht エ yvy ト土 qher yie 上 ds Lhan beds with water passed in the 
5ame d 工 reCL 土 O ハ ・ The bed area downstream てて o 川 the rhhot water tL tended to 

haIre h エ qhe て VyLe 工 ds when water was passed in oppos エ tete d エエ ecL エ Ons ・ 

Whether or not these resu 工 ts are with エ n exp 三 r エ menment 包エ tto 工 erance cannot be 
コ u ココ edd from Lh 上 @s 三エ nnq 上 e exper 工 menta 工 cu 工 t エ Uat 工 on. 

4.  CONSIDERATIONS 
Table  1.  The  operation  plan  of 

So  far  we  have  carried  out  expert- 
口 enL5 to deVe 上 OP Lh エ s sys た em dnd CFn 

COn たエて川 エ t3 ヒ てて エ C エ enCy fo エ cu 上 t 工 Ya- 

tion  under  the  climate  of  Japan. 
Here  we  calculate  the  operation 
sChedu 上 e and p で O コ eCL 色づ エ てて エ g ヨ L 工 On 

vo 上 ume US 工 ng the C 上エ川 aLe data 工 n   u 
Dhab エ @ U     

Tl:  Hot  water  temp   
4 ・ l Subsurfac 色 オア r エ QaL 工 On The meT- T2: 50 エ l Lemp   

brane bythere@ subsurface ， swate エコ ・ 工 エ て t L 上 Produc ononbetweenhotwater 工コ 包 L 工 on エ ngcaPac エ ssdeLefm 上 tyin 工 ned Qn:Requ ワ R:Operat :prolecL persess ユ red エ Ont エ onQnof エ onl30" エ てて エ meperday エ qaEt エ Lr 、 上 工 nl on Onwater qat ・ エ onwonwater 

JAALS



254 

  

subsurface  f エ ow  of  hot  sa エ ine  water  causes  a  て ap エ d  エ nC エ ease  エ n  so エエ temL 

  

duL d エ ffe エ ng  て ent W エ nte エ a 工 て WOu (Jan.) エ d  be  ・ a エ A most 工 so  ， エ 30Q3OCf  tocan  s エ be  nCe  postu the  工 so ated  エオ tempeLatu that  the  て e  temperature data  meaS ― 

ured  Dhabi  at  (1994)  a  depth  show  of  that  10cm  it  (where  is  21.4 thetubes  ｡ Cin  Jan.  will  and  be  36.8  buried)  C  in  Aug. in  Bateen,Abu 
The  required  irrigation  water  can  be  calculated  using  the  weather  con- 

ditions.  Assuming  the  cultivation  to  be  carried  out  in  a  net  house,  the 
water  requirement  could  be  estimated  to  be  a  maximum  of  7mm/day  in  Aug   
and  a  m エ n エ mmum  O 互 3    /day  エ n  Lan   

Table  1  shows  the  operation  plan  of  the  subsurface  irrigation  system 
and  the  pro 二 eCted  エエ「エ aa ヒエ on  VO エ   e  q エ Ven  these  asg    pt エ Ons   

4 ・ 2  Su 「 faCe  エ rr 土口 att 土 OOn  The  VO エ Ume  Of  吋 ateL  p て OduCed  by  the  mU 工 t 土 p 工 e 
tube  ln  surface  エ てて エ aat エ on  エ s  dete て     ned  by  the  tempe て atu て e  d エ fferent エ a エ 

between  the  hot  water  and  the  surroundina  area  (which  is  cooled  bv  the 
cold  water  tube).  The  following  empirical  formula  shows  the  membrane's 

water  so  far,  production  and  the  VPM  capacity. tube  isdirectly  It  basis  cooled  the  domestic  by  water  experiments  in  the  case. conducted Y 0 ・ 994X  FO 川 u 工 a  l Table  2.  The  operation  plan  of 
Where     the  surface  エ てて エ gat エ OOn 

Y  :  Water  production  capacity unlt  area  of  membrane  (L/m  ? 。 /h) " 
X  :  The  vapor  pressure  differential 

between  the  VPM  and  the  surround- 
ing  area  (kPa)   

Tab 工 e  2  shows  the  エエてエ gat 土 On  VO エ川 e 

  

the  Cu エ t エ Vat 十 On  beds ・ 

However,  the  tube's  water  productlon  Capac エ tV  used  for  these  ca 上 Cu エ a ―・ 

tions  is  a  figure  obtained  from  an  indoor  experiment,  so  a  validation 
test  is  necessary  to  confirm  under  actual  desert  conditions. 

Reference 
Ohtsuka,  Y.  et  a1.  (1994):  Journal  of  Arid  Land  Studies,  4:7-13   
FAO  (1977);FAO  Irrigation  and  drainage  paper,  24   
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asured by コ tuLD エ口   et   血 etno4 可工 tn Da 「 l   Cn 上 o 「 工 。 
e'termined  by  a  t-itration  method.  Sedimen-ts  were  drie 

  
from ・ sediment  using  a  centrifu 
m,  and  magnesium  in  water  and  pore  wat 
atomic  absorption  spectrophotomet OL エ ne wa 
spectrophotometry  inethod  with  mer         

s   e ・ The EC va 工 ueS 工 n the SyL-Da   af the Lake 
paLt Of ththe Sma 工工 ALa 工 Sea were low. The EC ln 
lnc 「 eased 土 o   a て d the no 「 th dl 「 ectlon ， In th 

・ 一 ― @ @ @ - -- @ ―― = ――― " 一 - @- - ・ . - f@ -. ・ - @ -@ - - 八 - " - ‥ @ 
1  Sea  and  then  the  mixed  water  flow  into  the  Large  Ara 
ues  in  the  Lake  Kamyslybas  are  almost  the  sane  as  in   

influence  the  water  in  the  no 
oncentrations  of  sodiu 
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The  Effect  of  Forestation  on  a  Shallow  Groundwater  Reservoir  in  an  Arid  Sand  Dune 
Terrain 

Enon ・ M ， ADAR* ， Is 『 ael.GEV* ， P 血 O  BE    I    R*&  Ade ・ S ， ISSAR* 

Abstract  -  Foreslation  and  reforestation  in  an  arid  sand  dune  terrain  raise  the  issue  to  what  extent  it  affects 
山 e  l 山杣   川 dwaLrsystem:thatts,    川口 ution  verSuS    皿 d    低十     昨 ・ In  a 『 nd  ba 弍瓜刃 nd 
dune5a 『 e  CO 瓜 Idefedto  bethe  口口 tefflCient 幻晦 fo 丁   und      r 卜 ha 了 ge ・ I 爪 nI    甘 on  and 
deep  percolation  over  sandy  deserts  are  thought  as  the  fastest  source  of  aquifer  replenishment   
Therefore,  forestation  and  the  associated  transpiration  may  affect  local  groundwater 
recharge.  Tamarisk  forest,  one  of  the  most  popular  species  that  has  been  successfully  adopted 
to  an  arid  sand  dune  terrain,  was  used  to  examine  the  source  of  the  transpired  water  soil  water 

器 ;f;h: ぼ w 、 。 " 三ご三 L 祥 ; 。 。山三、         ほ、 ; ご。 亡三乱三三 Z 烹       l18a 紫 ， d 丁毘三ぱ 。       :          g よ 目 ま十 

transpiration   

Key  Words:  Forestation,  Groundwater  recharge.  Stable  isotopes.  Sand  dunes   

寸 ・ In    uCtl て斗 n 

  
  high  Therefore,  percentage  when  reaches  trees  the  are  local  introduced  aquifer. into  sand  dunes,  one  hasto  consider  how  this  interferes  with 
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As  S^O  and  8D  composition  in  soil  water  were  found  to  be  significantly  different  than  in 
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enables  relative  composition  Having  role  to  the  calculate  of  is  technology  soil  known  water  the  in  to  versus  the  relative  measure  subsurface  shallow  contribution  the  transpired  groundwater  sources.  of  fluxes  The  soil  as  main  sources  and  and  research  the  ground  for  isotopic  transpiration. objective  water  composition  providing  was  to  determine  in  the  the  isotopic stem, the 
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detector ;iy20 
10  30  en ethin 
roots. rested 
trees. 

that  assumed  to  represent  the  advective  flux 
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3.  Observations  and  results 
HngJanu   @993 ， 山 e 
e  rate  of  sap  flow  was 24.6  lit./day)    (Adar    et  a1.,      1995). a  n  .  In  for  along  this  winter  month  2  m  1993  of  the  the  are  soil  top  presented moisture sand  (m   山 e[otaIsa 『 no 川 w 狂 

呈 l@t./d; 匿幸呈董ぎ竃   ; 覇遼踵 ; 澤襲要驚蓮蓮ぎ聾 ; mte[toPs 「 藷 ; 麗 緊 驚 ;; 蒲 i 
鰯驚詔 ;; 圏目 錯語                                         ; 蕊目蕊 ;;   緊 ; 緊き ;; ぎ緊， ; 菜鰯潅 ; ぎ 。 藍灘錨甑 

      ― 

Fig ・ 2 fluxes  Stable  from  isotopes  eroundwater  distribution  and  and  soil  calculated moisture Fig.  3  Stable  isotopes  distribution  and calculated  fluxes  from  groundwater  and 
in  spring  1993   soil  moisture  in  summer  1993   

4.  Discussion 

                                      議 @ 蓮 臣 罰驚 百 尾 F 盟薪宮嬉造浦草皇琵 1l 団驚竪 ; 湧 妄言 L 塵毘謹 L 蕊 29 藍 湾話毘灘 L 蟄 呈差 議再 巨 

委 ;; 索蔑 ;; 哀ミ   姦 賎 ;;;;; 鰯鰯呈 
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97  to  74  m@L2m,  the  relative  contribution  of  soil  water  to  the  total  rate  of  transpiration  increased  from 
32%  to  41%. 

藍三ま ま                             態三鞘呈藻蕪蕊目 F 酵蕊ま蕊韮碁茸 届 酵三詔浦卍戸崩田 ぎま 腎晶涛蒲 g: 点遼 
SollwaterSalinity  thataf@ects 血 e  OSmo 廿 C  wtend 口 aC@@Ss  山 emmo(S  口 emb    e ， im 四 E  Mgheren 打町 
level  for  the  extraction  of  soil  water  versus  groundwater.  This  issue  has  not  yet  been  confirmed  and  it 

      ￥ ; ぎぽ蒲ば 。 L            品ほ R ざ ほて 賭ぷ捜珪盟刮 日ま kgg 裟ぼ￥ほはよ               " 琵 、 M ぬ " 。 ""  。 f 
water  extraction  by  each  root  system.  However,  since  5180  and  5D  values  vary  along  the  soil 
moisture  profile,  the  accurate  composition  of  moisture  entering  and  dominating  the  isotopic 
composition  of  the  upper  root  system  is  not  precisely  known.  It  might  also  be  that  each  ring  in  die 
xylem  is  dominated  by  sap  flow  originating  at  a  specific  root  section  with  different  isotopic  values   
Therefore,  one  xylem  sample  from  the  stem  taken  for  S^O  and  8D  analyses  might  not  represent  the 
    ほ j 山 topic  compoSition  of  山 e    SpM  nuXeS ・   eSe  inaCC    c 沐     ght  imwSe  山口 e 
unCe      n 甘 eSinto  山 e  mod 可 whiCh  de    瓜 eS 山 ep 口 CiSion  Of 山 eaSSeSSed  nu 八 eS   

As  groundwater  replenishment  is  concerned,  mature  Tamarisk  trees  extract  both  soil  and  ground 
water.  A  comprehensive  study  of  the  hydrological  balance  of  a  forested  area  and  bare  sands  (Gev, 
1995)suggestS 山 ;at ぬ mStadon  wtth  Tamarisk  庇 eSd 叶 iSnotdeCreaSe  口山 CdIy  山口口口   Undwater 
碑 h 町 ge ・ Mostof 山 eesoilwaterln  山 le6Qrest 山打口 iSp 口 teCted  f 山川 d 卜 Ctevapo 口 don  by  山 e  C 川 Opy 
川 d  mainly  by  山 e  山 Lk  mUICh ・ Wi 山 OOut  庇 eS ， most  of  山 e  soil  moist    山 at  is  av 寸 I@bIe  Lr 
transpiration  would  be  evaporated  and  would  not  reach  the  local  aquifer. 

Ac 血 OOwl ぬ ggm 川 tThis@@SeammhwaS      山 outundGr 山 Ceommmework  of 山 e  "Hy    b 川口 limpII 口 honSof 口 L    ロ九 n 

in  arid  sand  dune  terrain"  grant,  supported  by  the  Alton  Jones  Foundation  in  Charlotiesville,  Virginia,  USA   
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Groundwater  Resources  and  Green  Construction  of  the  Oil  Field 
of  the  Taklimakan  Desert  Heartland 

Gao  Qianzhao  *  Wang  Run  *  Sun  Liangying  * 

Abstract  -  According  to  the  survey  and  drilling  experiment  along  the  oi1-transporting  highway  in  the 
desert,  there  is  a  certain  quantity  of  available  groundwater  resources  in  wake  aquifer  of  fine  sediment. 
Certainly  it  would  provide  favorable  conditions  for  vegetable  and  grasses  planting  if  some  key  techniques 
solved.  So  the  groundwater  resources  on  site  can  be  utilized  to  establish  the  green  parts  in  the  innermost 
area  of  the  Taklimakan  Desert. 

Key  words:  Groundwater  resource.  Green  construction,  Salt  irrigation,  Taklimakan  Desert 

1.  Introduction 
Itis  血 。   山 ata  ve げ I 町昨 qu 如 F け of 与 。 川 dw 九 erresources  町 e  Ieservedtn  小 e  he    川 d  Of 

the  Taklimakan  Desert,  which  is  the  second  largest  moving  desert  in  the  world,  located  in  the 
Northwest  part  of  China.  Certainly  it  provides  convenient  conditions  for  green  construction  here. 
This  paper  introduces  the  feeding  source,  distribution  and  quality  of  the  ground-water,  then 
providessomeexpe 「 dmentofsalti 田 g 折 (Onin  山 ehe 酎 I 却 d ， which  is 山 eemeC 山山 ecoloeicalme 川 S 
for  stabilising  sand  and  improving  the  environment  of  the  oil  field  in  the  desert   Conditions ―。 ""' 。 ' the Desert Resources L   cal 

'"' 晒。 ' 。   dw 
In  the  Tarim  Basin,  13  major  rivers  have  produced  a  series  of  alluvial  fans  throughout  the  north 

foot  of  Kunlun  mountains  and  the  south  foot  of  the  Tianshan  mountain.  As  a  main  feature  of 
centripetal  river  system  of  inland,  a  great  quantity  of  river  flows  toward  center  part  of  the  basin. 
Due  to  the  changes  of  the  climate  and  the  influences  from  human  activities,  most  of  the  rivers  have 
truncated  their  end  parts  so  that  there  is  little  stream  flow  outside  the  oases  now,  as  alternation  the   

of  the  basin  located  in  the  depression  of  Lobnor,  southeast  of  the  basin.  Furthermore,  the  large 
basin  geological  structure  and  the  100se  Quaternary  sediments  not  only  provide  favorable 
conditions  for  the  storage  of  deep  phreatic  water  but  also  give  sufficient  space  for  subgroundwater   
Moreover,rainStormS  川 d  perennialfnoods  め口 弍 nf 「 esh  water  so 川 CeS  havefed  山 e  町 O    dwa ぬ 
directly  and  indirectly   

    2-         ・     d        e      "        "        "        "        "  me  reSe 町 Ch  打 ea  reLned  to  而 S  P 叩 eriS  loCated 
而山 emiddle  pa 「 R  of ぬ e  deSe 屯 M 血 ia  lokm  wide  川 d  23Okm  longaS  Iongas 山 le  new  oiIhi 如 way 
G 咀 ・ I) ・ Gro 川 dwater 十 aSbeen  Ld  by  山 eT 血 m  田 verin  山 e  no 而 e 口 P 而 Ofthe  reSe 打 Ch  打 % 
whfle  itby  『 hvers  f 「 Om  K    川口 O 川面 瓜田 the  sou 山 em  pa 「 t.ID  de 面 l ， 川 alySed  On  no      g 
direction  ofgroundwater,  to  the  north  of  Yumulak  Daliya  (name  of  a  ancient  channel),  grdundwater 
is  mainly  restricted  by  the  Tarim  River  system  so  the  main  direction  is  about  from  the  west  to  the 
east;  to  the  south  of  the  mile  stone  52  km  (K52)  of  the  road,  influenced  by  river  system  of  Kunlun 
mountalnS,  山 e  main  difection  of  go    dw 如 r  is    ・ 15 。・ Beiween  山 e two  打 e 卜 two  5 比   

"J 川ぱ LweofDgserffReseLrcch.C 卜 加的 e メ co ぬ 色川 vofsccfeencest ， La 低 AoL  7 ゴ 0(000O.China  (F 瓜 :f+86-t93 十づタ 8pp タの 
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On  pfeliminary  eStimation  山 e  diIectIy  w 口 lable  water  resourceS  ( く 1 ・ 5 四 )  皿 this  町 ea  is 
l,117,0o0  m3  which  cap  be  extmmCtedin  one  looo  m  channelln  a  year.Tbispa 「 R  OfwaterwouId  be 
goodsupplyford 「 HnkiagandotherdomesticusewithoutanyfU 「 tberdisposiiion. 

b ・ 田 versySiemwfthin  K    川 mo 川     SconirollingaTeain  山 e  sou 山 eem  p 如 of 山 le  reSe 町 Ch 
afea- Gro 川 dwaterinthisapeaofRenhaSitsmine 回抜 doa3-5 幽 coveredby 田典 dunes ， M 血 
little  change  in  the  longitudinal  section.  In  the  lowland  between  high  dunes  groundwater  could  be 
found  in  2-5  m  under  the  surface.  It  would  provide  favorable  conditions  to  utilize  this  part  of  water 
resources  for  green  construction  of  the  oil  field. 

c.  Between  the  two  areas  above,  groundwater  often  has  its  mineralization  more  than  5  g/1,  even 
30  g/1  found  in  this  area.  It  is  difficult  to  fully  use  this  part  of  water  at  present  conditions. 

On  summary  table  2  is  overall  circumstances  of  groundwater  resources  and  evaluation  on 
exploitation  in  the  research  area. idwater〉e d  I  "ta  "  ノ aI  廿 3 ユ 

Area Water Feeding  from  Feeding  from Amount  to Amount Suggested 
quality sub-runoff precipitation  depth  of  layer  of  storage extract 

(mm) amount 
South ・ bank  ofTarim  Sweet  water 24.76 0 ・ 37 p ・コ 360 か er    ， ノ 

River 
Alluvial  plain  and  Sweet  water 4 ・ 2J る・タ 3 十イ・方 dJ づ・の 十 了の 

abandoned ・ channels 
K ぴ pM 刀 Co 刀ケ Of7f 乃 g  Br 口 C 止灯 A 8 ア・ 6 コク・ イ 8 2  "- フ 1080 ノ do 
'  area  (lowland water 

between ・ dunes) 
Between  the  two Mineralized ノ Q ・の 1.S5 6 ・ 了 

areas  above 口刀メ十口 L 
  口イ色ア 

  

Some  guidable  experiment  of  green  ecosystem  construction  have  been  done  since  1993  at  TZ4 
and  MC1,  which  are  oil  field  bases  in  the  heartland  of  the  desert.  The  experiment  demonstrates  that 
the  salt-resisting  species  of  vegetable,  grasses  and  some  other  sand-fixing  species  chosen  from  the 
dry  zones  of  the  Northern  part  of  China  could  grow  well  irrigated  with  the  groundwater  ofCl'S04- 
Na'Mg  type  and  3.4-4.5  g/1  of  salinity.  Although  specific  techniques  and  field  management  are 
needed,  such  as  taking  measures  of  protection  from  wind  and  blown  sand  harm,  irrigating  of  salt 
water  in  high  frequency,  fertilizing  large  quantity  of  manure  and  hiding  the  plants  from  the  direct 
sunlight,  dry-hot-wind  and  high  temperature  etc.,  it  is  successful  to  establish  a  small  part  of  green 
plants  among  shifting  sand  dunes.  The  key  techniques  solved  for  green  construction  in  the 
heartland  include  how  to  overcome  heavy  aeolian  sand  harm,  high  Chlorine,  Sodium,  Magnesium   

species  of  vegetable  and  13  species  of  grasses  with  salinity  toleration  have  been  selected  suitability 
planting  experiment.  The  results  indicate  that  it  is  feasible  to  plant  vegetable  and  green  grasses 
irrigated  -with  local  saline  groundwater  in  the  greenization  construction  of  oil  field  in  the 
Taklimakan  Desert  heartland. 

Through  the  discussion  of  groundwater  resources  and  green  construction  experiment  above, 
principles  of  green  construction  in  the  desert  could  be  summarized  as    following: 
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a.  Constructing  saving  water  and  irrigate-with-replenish-water  green  belts   Small  mechanized 
spray  irrigation  and  trickle  irrigation  can  be  through  as  selected  means. 

b.  Giving  priority  to  salt-resisting  shrub  on  selecting  plant  species. 
C ・ Depepdentupon  山 e  scope  ofoilf6eld  baSe  CO 瓜血 Cdon@developiDg  SmalSCde  汀 een  Rel 也 ， 

one  of6eaSible  meaSuDesin  血 le  heartland  打松 ・ 

4.  Conclusion 
Through  the  research  on  the  groundwater  along  the  oi1-transporting  highway  and  the  experiment 

of  the  green  construction  in  the  heartland  area  of  the  Taklimakan  Desert,  conclusions  would  be 
寸 a 帆卜 Lllo      g     

a.  there  are  two  kinds  of  available  groundwater  resources  in  the  desert,  one  is  sweet  or  fresh 
water  which  mainly  in  the  alluvial  and  f100ded  plain  ofTarim  River;  another  kind  is  brackish  water 
often  found  in  the  lowland  between  sand  dunes,  which  is  widespread  in  the  limits  of  influence  of 
Kunlun  mountains; 

b.  it  is  feasible  to  plant  vegetable  and  grasses  irrigated  with  local  brackish  water  on  aeolian  sandy 
soils  if  plant  species  selected  well; 

c.  techniques  and  further  research  on  use  of  salt  water,  which  is  reserved  over    the  Taklimakan 
Desert,  need  improve  and  deepen. 
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Fate  and  Transport  of  Pesticides  into  Ground  Waters 

Kenne 山 K ・ T    n* 

Abstract  -  Pesticides  applied  in  desert  ecosystems  may  be  of  concern,  particularly  under  conditions  of  elevated 
temperatures  and  wind  velocities  where  respectively  volatile  and  aerial  drift  losses  may  be  substantia1,  and 
leaching  losses  in  low  organic  matter,  coarse-textured  soils  may  also  be  substantia1.  The  fate  and  transport  of 
applied  pesticides  are  complex  requiring  some  knowledge  of  their  chemical  and  physical  properties,  their   formationsordegradation,and  physicaltIansportppoCeSses. Ofp      川 め口 R ノ 川 isgmmwingpmbb   
OfCon(    In 打甘 On  ofg 口 Und  wa(     
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1.  Introduction 
Pesticides  are  formulated  in  the  liquid,  gaseous  or  solid  forms  and  are  applied  aerially  over  plant 

canopies  and  land  surfaces,  and  incorporated  or  injected  into  the  soil  or  into  irrigation  waters.  Applied 
pesticides  can  be  degraded  by  chemical  reactions  and  microbial  activities  in  the  soi1.  Pesticides  can  be 
immobilized  through  sorption  onto  soil  organic  matter  and  clay  minerals.  Pesticides  can  be  lost  to  the 
atmosphere  through  volatilization. 

Pesticides  that  are  not  degraded,  immobilized,  detoxified,  or  removed  with  the  harvested  plant  are 
subject  to    movement  awayfrom  the  point  of  application.  The  major  loss  pathways  to  the  environment 
are  volatilization  into  the  atmosphere  and  aerial  drift,  runoff  to  surface  water  bodies  in  dissolved  and 
paniculate  forms,  and  leaching  into  ground  water  basins  (Cheng,  1990).  The  fate  and  transport 
pathways  of  pesticides  applied  to  ecosystems  are  complex,  requiring  some  knowledge  of  their  chemical 
properties,  their  transformations,  and  physical  transport  processes.  Transformations  and  transport  arc 
strongly  influenced  by  site-specific  conditions  and  management  practices  (Porter  and  Stinman,  1988). 

2  F  t 丁 n 耳   

Chemica1-specific  properties  influence  the  reactivities  of  pesticides  (EPA,  1986).  Pesticides  that 
dissolve  readily  in  water  have  a  tendency  to  be  leached  through  the  soil  and  vadose  zone  into  ground 
water  basins,  and  be  lost  as  surface  water  runoff  from  rainfall  events  or  irrigation  practices.  Pesticides 
with  high  vapor  pressure  are  easily  lost  to  the  atmosphere  during  application  and  may  be  lost  from  soils 
through  gaseous  diffusion.  Some  highly  volatile  pesticides  may  also  move  downwards  into  the 
aquifers.  Pesticides  may  be  sorbed  to  soil  particles,  mainly  organic  matter  and  clays.  Strongly  sorted 
pesticides  do  not  readily  leach  through  the  soil  profile  but  may  be  bound  to  the  sediments  discharged 
through  runoff.  Pesticides  may  be  degraded  or  transformed  by  chemical  and  biological  processes   

*  Dept.  of  Land,  Air  and  Water  Resources,  Hydrologic    Science  Program,  Univ.  of 
California,  Davis,  California  95616  (Fax:  +1-  916-752-5262) 
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Chemical  degradation  occurs  through  such  reactions  as  photolysis,  hydrolysis,  and  oxidation  and 
reduction.  Biological  degradation  may  also  occur  as  soil  microbes  consume  or  breakdown  pesticides. 
Oxidation  and  reduction  may  be  mediated  by  microbial  activities. 

0nce  a  pesticide  enters  the  soi1,  its  fate  is  largely  dependent  on  sorption  and  persistence  (Rao  and 
Hornsby,  1989).  Sorption  is  commonly  evaluated  by  use  of  a  sorption  (partition)  coefficient  (Koc) 
based  on  the  organic  carbon  content  of  soils.  Persistence  is  commonly  evaluated  in  terms  of  half-1ife 
and  is  dependent  on  degradation  and  transformation  mechanisms.  Pesticides  with  low  Koc  arc  likely  to 
leach  from  soils.  Pesticides  with  long  half-1ives  could  be  persistent.  And  pesticides  with  high  water 
solubility  is  likely  to  contaminate  ground  waters. 

Soil  properties  have  significant  influences  on  the  fate  and  transport  of  pesticides.  The  infiltration 
rate  and  soil  hydraulic  conductivity  of  coarse-textured  soils  are  usually  greater  than  those  of  finer- 
textured  soils.  A  chemical  that  readily  infiltrates  into  the  soil  is  less  likely  to  be  lost  in  surface  runoff 
but  is  more  likely  to  be  leached.  The  travel  time  of  soil  water  and  associated  dissolved  pesticides  is 
shorter  in  coarse-textured  soils  than  in  finer  ones.  Moreover,  the  sorptive  capacity  of  coarser  textured 
soils  are  less  than  finer  ones  and  the  applied  pesticides  are  more  vulnerable  to  leaching. 

Soil  structure  is  another  property  of  importance.  A  soil  with  weak  structure  is  more  likely  to    be 
erodable  and  have  lower  infiltration  rates,  and  hence,  sorbed  pesticides  are  more  likely  to  be  discharged 
through  surface  runoff.  The  presence  of  soil  macropores  and  cracks  may  result  in  preferential  flow  and 
earlier  pesticide  arrival  to  the  water  table.  A  shallow  depth  to  the  ground  water  table  offers  less 
opportunities  for  pesticide  sorption  and  degradation.  Hydrogeologic  conditions  in  the  subsurface  may 
dictate  the  direction  and  rate  of  chemical  movement.  The  presence  of  water-impermeable  layers  may 
constrain  the  vertical  movement  of  chemicals  and  contribute  to  lateral  flow.  On  the  other  hand,  the 
presence  of  sands  and  gravel  may  greatly  accelerate  the  vertical  and  horizontal  flow  of  contaminants   

Karst  and  fractured  geologic  formations  generally  transmit  chemicals  rapidly. 
Climate  and  weather  conditions  other  than  rainfall  may  also  influence  the  fate  of  pesticides.  Warmer 

temperatures  tend  to  accelerate  physica1,  chemical  and  biological  processes  such  as  volatility,  water 
solubility  and  microbial  degradation,  respectively.  High  winds  and  high  evaporative  conditions  may 
accelerate  volatilization  and  other  processes  that  contribute  to  gaseous  losses  of  pesticides 

Despite  the  vast  knowledge  base  on  the  reactivity  and  transport  of  pesticides,  a  complete  mass 
balance  on  the  fate  of  applied  chemical  is  nearly  nonexistent  because  of  technical  difficulties  and  high 
cost  associated  in  developing  mass  balance  (NRC,  1993).  Moreover,  pesticides  have  widely  ranging 
properties  and  behavior  that  defy  generalizations.  Some  researchers  have  estimated  that  only  1  to  2%  of 
insecticides  applied  to  foliage  is  absorbed  by  the  target  pest 
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7 creenin  Models 
A  number  of  pesticide  screening  approaches  have  been  used  to  assess  the  behavior  of  pesticides  and 

their  potential  to  contaminate  ground  waters.  One  of  the  more  widely  used  screening  models  is  EPA's 
(1986).  Table  1  presents  the  threshold  values  for  several  properties  and  DBCP  is  compared  to  them 
(Tanji,  1991).  DBCP  (Dibromochloropropane)  was  a  widely  used  nematicide  for  numerous  vegetable, 
field,  orchard,  and  vine  crops  from  the  mid  1950s  to  1979  when  it  was  banned  from  use  in  the  USA  due 
to  potential  carcinogenity  and  male  sterility.  DBCP  is  resistent  to  chemical  and  microbial  degradation, 
not  strongly  sorbed  to  soils,  moderately  soluble  and  not  highly  volatile.  A  conclusion  may  be  reached 
that  DBCP  is  a  persistent  chemical  likely  to  be  leached  into  ground  water  basins.  And  indeed,  this 
chemical  is  one  of  the  most  common  pesticide  residues  found  in  contaminated  ground  waters  in 
California,  Florida  and  Hawaii. 

Table  1.  DBCP  vs.  EPA  threshold  values  tor  potential  ground  water  contamination 

Properties Threshold  Values DBCP 
    

Water  solubility  (mg/L) >30 
Henry's  Law  Constant  (atm  m^/mol) く 100 
Koc  Sorption  (L/Kg) <300-500 
Hydrolysis  Half-Life  (weeks) >25 
Photolysis  Half-Life  (weeks) ノ斗 

Overall  Field  Half-Life  (weeks) ノ 3 
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4.  Simulation  Models 
A  number  of  computer  simulation  models  are  used  as  tools  to  evaluate  more  fully  the  fate  and 

transport  of  pesticides,  including  spray,  runoff  and  leaching  models  (Cheng,  1990).  The  process-based 
simulation  models  for  pesticide  reactivity  and  transport  are  receiving  much  attention  in  the  USA  (NRC, 
1993).  The  field  scale  models  include  EPIC  (erosion/productivity  impact  calculator),  GLEAMS 
(groundwater  loading  effects  of  agricultural  management  systems),  PRZM  (pesticide  root  zone  model), 
and  LEACHM-P  (leaching  estimation  and  chemistry  mode1-pesticides).  A  number  of  investigators 
point  out  difficulties  in  predicting  chemical  ground  water  contamination  even  with  state-0f-the-art 
simulation  models.  The  convection-dispersion  models  appear  unable  to  predict  pesticide  transport  in 
the  vadose  zone.  The  reasons  contributing  to    this  dilemma  include  spatial  variability  in  soil  hydraulic 
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properties  usually  encountered  in  field  soils,  the  potential  nonequilibrium  sorption  in  the  field,  the 
depth  dependency  of  biodegradarion,  and  preferential  flow  through  macropores. 

Pennell  et  al  (1990)  compared  the  performances  of  five  vadose  zone  models  for  simulating  the 
behavior  of  aldicarb  and  bromide  in  a  given  field.  The  models  tested  were  CMLS  (chemical  movement 
in  layered  soils  model),  MOUSE  (method  of  saturated  zone  solute  estimation  model),  PRZM, 
GLEAMS,  and  LEACHM-P.  Two  models,  GLEAMS  and  MOUSE,  under  estimated  bromide  and 
aldicarb  dissipation.  The  other  three  models  proved  satisfactory  in  predicting  both  the  depth  of  the 
solute's  center  of  mass  and  the  extent  of  pesticide  degradation.  None  of  the  models,  however, 
accurately  predicted  the  pesticide  concentrations  measured  throughout  the  soil  profile.  In  addition  to 
deficiencies  in  the  mode1,  the  investigators  pointed  out  the  potentially  large  field  sampling  error  due  to 
spatial  variabilities.  Most  recently,  a  concerted  effort  is  being  made  on  understanding  and  assessing  the 
uncertainty  in  transport  as  well  as  reactivity  of  chemicals  with  conditional  stochastic  methods  (e.g., 
Kabala  and  Sposit0,  1994)   

5.  Conclusions 
There  is  considerable  knowledge  base  about  the  physical  and  chemical  properties  of  pesticides,  their 

chemical  and  biological  degradation  and  persistence,  their  tendency  to  be  sorbed  by  soils,  and  their 
movement  in  the  dissolved  and  gaseous  states.  In  contrast,  our  abilities  to  predict  the  behavior  and 
transport  under  field  conditions  appear  to  be  quite  weak.  Part  of  this  weakness  may  be  attributed  to 
spatial  heterogeneity  of  both  soil  hydraulic  properties  and  reactivity  of  chemicals.  This  uncertainty  is 
elevated  in  arid  climates  in  which  temperatures  and  wind  velocities  are  high,  and  the  vadose  zone  and 
ground  water  systems  may  not  be  adequately  characterized.  Nevertheless,  it  seems  that  the  existing 
knowledge  base  from  research  and  practical  experiences  is  not  being  fully  disseminated  or  utilized  to 
protect  the  environment,   
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