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SITE SURFACE WATER INVESTIGATION 

E . l  INTRODUCTION 

The purpose o f  t h e  Ring1 ing-MacArthur Reserve (RMR) s i t e  s u r f  ace 

water i n v e s t i g a t i o n  was t h e  development o f  a hydro log ic  data base and 

es t imat ion  o f  RMR sur face water supply c a p a b i l i t i e s .  The i n v e s t i g a t i o n  

centered on q u a n t i f i c a t i o n  o f  t h e  var ious  s i t e  hydro log ic  regime para- 

meters. These parameters are r a i n f a l l ,  evapotranspi rat ion,  evapora- 

t i o n ,  s o i l  i n f i l t r a t i o n  c a p a b i l i t i e s ,  recharge and discharge from t h e  

S u r f i c i a l  Aqui fer ,  and sur face r u n o f f .  Discussion o f  t h e  reg iona l  

long-term waterbudget i s  prov ided i n  Appendix F. 

The i n v e s t i g a t i o n  was conducted w i t h  f i e l d  data c o l l e c t i o n  and 

o f f i c e  studies.  F i e l d  da ta  c o l l e c t i o n ,  described i n  d e t a i l  i n  Sect ion 

E.3.1, was conducted w i t h  a network o f  discharge and stage gages, 

evapotranspirometers, evaporat ion pans, and r a i n f  a1 1 monitors. Data 

c o l l e c t i o n  was i n i t i a t e d  i n  March 1985. The f i n a l  s t a t i o n  i n  t h e  

network was i n s t a l l e d  i n  Ju l y  1985. This  ana lys is  incorporates data 

c o l l e c t e d  up through December 1985. Data c o l l e c t i o n  i s  con t i nu ing  and 

w i l l  cont inue a t  l e a s t  through June o f  1986. 

O f f i c e  analysis,  i n i t i a t e d  i n  t h e  F a l l  o f  1985, consis ted o f :  

' es t ima t ion  o f  t h e  numerical  range and probable averages o f  each 

o f  t h e  hydro log ic  parameters, 

assessment o f  t h e  r e l a t i o n s h i p  between t h e  hydro log ic  

parameters, 

development o f  p r e d i c t i v e  models f o r  es t ima t ing  t h e  long-term 

s i t e  water balance, and 

es t imat ion  o f  t h e  impact t o  t h e  hyd ro log i c  components under 

'. var ious  withdrawal scenarios. 
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The f o l l o w i n g  sect ions inc lude a  general phys ica l  d e s c r i p t i o n  of 

t h e  s i t e ,  d e s c r i p t i o n  o f  t h e  f i e l d  and o f f i c e  ana lys is  procedures, a  

q u a n t i f i c a t i o n  o f  t h e  hydro log ic  s i t e  parameters, a  d e s c r i p t i o n  o f  t h e  

s i t e  water balance modeling procedure, and t h e  r e s u l t s  o f  an ana lys is  

o f  var ious withdrawal scenarios. 

E.2 SITE PHYSICAL DESCRIPTION 

The RMR i s  an approximately 51 square m i l e  t r a c t  o f  land loca ted 

i n  eastern Sarasota County, imned ia te ly  east  o f  t h e  Myakka River ,  and 

southeast o f  Myakka R iver  S ta te  Park (F igu re  E.2-1). Hyd ro log i ca l l y  

t h e  s i t e  i s  a  t y p i c a l  southern Gu l f  Coast wet landlupland mosaic w i t h  

o v e r a l l  basin slopes o f  l ess  than 1 f o o t  per m i l e .  The s i t e  r i s e s  from 

a  low e leva t i on  o f  approximately 5 f e e t  mean sea l e v e l  (msl) i n  t h e  

southwestern corner near t h e  Myakka R iver  t o  e leva t ions  approaching 

35 f e e t  msl i n  t h e  n o r t h  c e n t r a l  and nor theastern po r t i ons  o f  t h e  s i t e .  

Land surfaces i n  t h e  western one - th i rd  o f  t h e  s i t e  s lope west t o  

southwest towards the  Myakka R iver .  From t h e  c e n t r a l  p o r t i o n  o f  t h e  

s i t e  t o  t h e  eastern boundary t h e  land sur face i s  charac ter ized by  a  

r e l a t i v e l y  l e v e l  p la teau w i t h  e leva t i ons  ranging from 30 t o  35 f e e t  

msl.  The eastern t h i r d  o f  t h e  p la teau  w i t h i n  t h e  RMR boundaries i s  

b isec ted  by  t h e  southwestern t rend ing  Deer P r a i r i e  Slough. 

The drainage area d i v i d e s  w i t h i n  and adjacent t o  t h e  s i t e  are 

shown on F igu re  E.2-2. The s i t e  i s  charac ter ized by  f o u r  major d ra in -  

age systens. Moving across t h e  s i t e  from t h e  northwest t o  t h e  south- 

east t h e  f i r s t  system i s  a  se r ies  o f  interconnected, small, p o o r l y  

dra ined wetland sloughs d r a i n i n g  west t o  northwest from t h e  s i t e  

towards Myakka R iver  S ta te  Park and u l t i m a t e l y  t h e  Myakka R iver  and 

Lower Myakka Lake. Except f o r  a  smal l  bas in  near Highway 72 these 

sloughs o r i g i n a t e  on t h e  RMR and prov ide  drainage i n t o  Myakka R ive r  

S ta te  Park. These fea tu res  d r a i n  a  t o t a l  o f  approximately 9.5 square ... 
mi les .  

The second major drainage system i s  a  se r ies  o f  creeks known as 

Blackburn Slough, Manace Wallace Slough, and Me11 W i l l i a n s  Canal. 
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These t h r e e  p a r a l l e l  t r i b u t a r i e s  d r a i n  an area o f  approximately 

16.2 square m i l e s  t o  t h e  southwest towards t h e  Myakka R iver .  The 

drainage area cons is ts  o f  p a r a l l e l  t e r races  which g radua l l y  r i s e  from 

t h e  Myakka R ive r  f l o o d p l a i n  t o  t h e  p la teau f e a t u r e  which charac ter izes  

t h e  c e n t r a l  and eastern p o r t i o n s  o f  t h e  s i t e .  

The t h i r d  major system i s  Deer P r a i r i e  Slough which d ra ins  t h e  

aforementioned plateau. The slough has two major t r i b u t a r i e s ,  Windy 

Sawgrass and High Hammock Canal, i n  a d d i t i o n  t o  t h e  main channel as 

shown on F igure  E.2-2. Major reaches o f  Windy Sawgrass and Deer 

P r a i r i e  Slough have been channelized. Deer P r a i r i e  Slough a t  t h e  

southern p rope r t y  boundary d ra ins  approximately 31 square mi les .  

Approximately 9.5 square m i les  o f  t h i s  area i s  o f f - s i t e  drainage i n t o  

Deer P r a i r i e  Slough and approximately 3 square m i l e s  i s  o f f - s i t e  

drainage i n t o  High Hammock Canal. The 12.5 square m i l e s  o f  o f f - s i t e  

area d r a i n i n g  i n t o  t h e  Deer P r a i r i e  Slough drainage system i s  t h e  o n l y  

s i g n i f i c a n t  o f f - s i t e  drainage i n t o  t h e  RMR. 

The f o u r t h  major drainage f e a t u r e  i s  R u s t l e r  Slough on t h e  south- 

eastern corner  o f  t h e  s i t e .  Th i s  slough which d ra ins  approximately 

3.6 square m i l e s  i s  t h e  o n l y  area on t h e  s i t e  which d ra ins  t o  t h e  east  

i n t o  Cowpen Slough. 

E.3 FIELD MONITORING NETWORK CHARACTERISTICS 

The Dames & Moore f i e l d  network DM-1 through DM-6, used t o  moni tor  

t h e  sur face water c h a r a c t e r i s t i c s  o f  t h e  Rt@ are shown on F igure  E.3-1. 

The c r i t e r i a  used t o  l o c a t e  these i n s t a l l  a t i o n s  were as fo l l ows :  

* Each s i t e  requ i red  a c c e s s i b i l i t y  du r ing  d r y  as w e l l  as wet 

seasons. 

Each s i t e  was loca ted i n  an area o f  hydro log ic  i n t e r e s t  and 

.., d i s t i nc t i veness .  

Each s i t e  possessed t h e  necessary exposure and physiographic 

c h a r a c t e r i s t i c s  f o r  proper inst rumentat ion.  
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E.3.1 Network Purpose 

The measured hydro log ic  parameters inc lude:  r a i n f a l l ,  r uno f f ,  

s u r f  i c i  a1 ground water leve ls ,  so i  1 moisture, evaporation, evapotrans- 

p i r a t i o n ,  wind t o t a l s ,  water temperatures, and a i r  temperatures. Th is  

da ta  was used t o  q u a n t i f y  t h e  s i t e  water balance and t o  develop a mass 

balance model f o r  p r e d i c t i o n  o f  RMR sur face water supply capab i l -  

i t i e s .  

E.3.2 Network Components 

The f o l l o w i n g  i s  an o u t l i n e  o f  the  equipment and parameters 

measured a t  each Dames & Moore sur face water mon i to r ing  s t a t i o n .  

E.3.2.1 DM-1 
1. Leupold and Stevens Type A Model 71 Water Level Recorder 

Deer P r a i r i e  Slough water l e v e l s  a t  n o r t h  power l ine 
c ross ing  

2. S i x  Leupold and Stevens S t a f f  Gages - DM-1 (A-F) 

Water l e v e l s  along Deer P r a i r i e  Slough 

3. All-Weather Rain Gage 

Per iod i c  (b i -weekly t o  weekly) r a i n f  a1 1 t o t a l s  

E.3.2.2 DM-2 - 
1. MICROSCOUT Microprocessor 

2. Sierra-Misco T ipp ing  Bucket Rain Gage 

Instantaneous r a i n f a l l  measurements 

3. All-Weather Rain Gage 

., . * Pe r iod i c  (bi-weekly t o  weekly) r a i n f a l l  t o t a l s  

4. B e l f o r t  Po r tab le  L i q u i d  Level Recorder 

Measure water l e v e l s  across concrete f lume 
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5. Two Druck Pressure Transducers 

' Measure water l e v e l s  across concrete f l m e  

Measure s u r f i c i a l  ground water l e v e l s  i n  Well BH-2 

6. Concrete V-Notch Flune 

Flow c o n t r o l  f o r  discharge measurement 

7. S u r f i c i a l  Well BH-2 

Measure s u r f i c i a l  ground water l e v e l s  

8. Two Evapotranspirometers 

Measure wetland evapot ransp i ra t ion  

Measure p ine  f l  atwood evapot ransp i ra t ion  

9. S o i l  Mo is tu re  Blocks 

Measure s o i l  moisture i n  t h e  unsaturated s o i l  zone 

E.3.2.3 DM-3 - 
1. MICROSCOUT Microprocessor 

2. Sierra-Misco T ipp ing  Bucket Rain Gage 

Instantaneous r a i n f a l l  measurements 

3. All-Weather Rain Gage 

* Pe r iod i c  (b i -weekly t o  weekly) r a i n f a l l  t o t a l s  

4. B e l f o r t  Por tab le  L i q u i d  Level Recorder 

Measure water l e v e l s  across Plast i-Fab t rapezo ida l  f lwne 

5. Druck Pressure Transducer 

Measure water l e v e l s  across P l  ast i -Fab t rapezo ida l  f lume 

6 Shape Pressure Transducer 

Measure s u r f i c i a l  ground water l e v e l s  i n  Well BH-1 

7. P l  ast i -Fab Trapezoidal Flume 
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Flow c o n t r o l  f o r  discharge measurement 

8. S u r f i c i a l  Well BH-1 

Measure s u r f i c i a l  ground water l e v e l s  

9. Evapotranspirometer 

Measure d r y  p r a i r i e  evapot ransp i ra t ion  

10. S o i l  Mo is tu re  Blocks 

Measure s o i l  mo is tu re  i n  t h e  unsaturated s o i l  zone 

11. T o t a l i z i n g  Anemometer 

Measure average wind speed 

12. Humidity and Temperature Sensor 

Measure r e l a t i v e  humid i ty  

Measure a i r  temperature 

E.3.2.4 DM-4 - 
1. B e l f o r t  Cont inuously Recording Rain Gage 

" Instantaneous r a i n f a l l  measurements 

2. All-Weather Rain Gage 

Per iod i c  (b i -weekly t o  weekly) r a i n f a l l  t o t a l s  

3. I S C O  1870 Flow Meter 

" Measure water l e v e l s  across P las t i -Fab t rapezo ida l  f lume 

4. P l  ast i -Fab Trapezoidal Flune 

Flow c o n t r o l  f o r  discharge measurement 

'1. Nat iona l  Weather Serv ice Class A Evaporat ion Pan 

Measure evaporat ion r a t e s  from a f r e e  water sur face 
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2. T o t a l i z i n g  Anemometer 

Measure average wind speed 

3. All-Weather Rain Gage 

'Per iodic  (bi-weekly t o  weekly) r a i n f  a1 1 t o t a l s  

4. Submersible Maximum/Minimum Thermometer 

Measure maximum, minimum, and present evaporat ion pan water 
temperatures 

E.3.2.6 DM-6 - 
1. F l o a t i n g  F iberg lass  Lake Evaporat ion Pan 

' Measure evapot ransp i ra t ion  r a t e s  i n  Lower Myakka Lake 

2. All-Weather Rain Gage 

Per iod i c  (b i -weekly o r  weekly) r a i n f a l l  t o t a l s  

E.3.3 Network Maintenance 

A l l  o f  t h e  sur face water mon i to r ing  s t a t i o n s  were v i s i t e d  and 

mainta ined a t  a minimum o f  once per week. Maintenance procedures are 

documented i n  t h e  RMR Surface Water Mon i to r i ng  Manual (Dames & Moore, 

1985). The manual s t i p u l a t e d  data  c o l l e c t i o n  procedures, da ta  t r a n s f e r  

con t ro l ,  mani fest  systems, and maintenance procedures. 

E.3.4 Network Performance 

Data r e t r i e v e d  from t h e  inst ruments a t  each Dames & Moore sur face 

water mon i to r i ng  s t a t i o n  was c r i t i c a l  t o  t h e  successful  q u a n t i f i c a t i o n  

and understanding o f  t h e  sur face hydro logy f o r  t h e  RFa. Consequently, 

a continuous record  o f  da ta  f o r  each o f  t h e  parameters s tud ied  i s  
needed. I n  most cases a cont inuous reco rd  was r e t r i e v e d  from t h e  

mon i to r i ng  s ta t i ons .  Occassional l i g h t n i n g  s t r i k e s  and o the r  envi ron-  

mental f ea tu res  damaged some e l e c t r o n i c  equipment. Other l e s s  f requent  

pr ib lems a f fec ted  t h e  mechanical instruments. However, i n  n e a r l y  every 
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case the re  were two l e v e l s  o f  ins t rumenta t ion  measuring each parameter. 

Th i s  was i nva luab le  i n  main ta in ing  a cont inuous data  record. Estima- 

t i o n  procedures based on ac tua l  f i e l d  da ta  were l a t e r  used t o  f i l l  i n  

gaps i n  t h e  data record. 

E.4 RAINFbLL QUANTIFICATION 

R a i n f a l l  i s  t h e  i n p u t  parameter f o r  determin ing t h e  a v a i l a b l e  s i t e  

water crop. It represents t h e  i n p u t  i n t o  t h e  water budget r e l a t i o n s h i p  

whether i t  be f o r  t h e  e n t i r e  s i t e ,  a smal l  stream basin, o r  an evapo- 

t ranspi rometer .  The f o l l o w i n g  two sub-sections conta in  a d e s c r i p t i o n  

o f  t h e  mon i to r ing  network and a d iscussion o f  t h e  data analys is .  

E.4.1 Rain Gage Network 

One o r  more types of r a i n  gages were l oca ted  a t  each o f  Dames & 

Moore's sur face water mon i to r ing  s t a t i o n s  shown on F igu re  E.3-1. The 

gages themselves were post ioned f o r  proper  exposure a t  each s i t e .  Most 

gages are p laced on wooden stands 10 t o  12 f e e t  h igh.  A l i s t  o f  t h e  

types o f  r a i n  gages used a t  each mon i to r i ng  s t a t i o n  i s  inc luded i n  

Sect ion E.3 o f  t h i s  appendix. 

Three types o f  r a i n  gages were u t i l i z e d :  two S i e r r a  Misco t i p p i n g  

bucket r a i n  gages, one B e l f o r t  cont inuous ly  reco rd ing  r a i n  gage, and 

s i x  All-Weather r a i n  gages. The S i e r r a  Misco r a i n  gages work on t h e  

t i p p i n g  bucket p r i n c i p l e  and each bucket t i p  i s  recorded e l e c t r o n i c a l l y  

on a MICROSCOUT microprocessor. Bucket t i p s  are  summed toge the r  f o r  

the  e n t i r e  sampling p e r i o d  o f  1 hour, thus  record ing  t h e  t ime and 

amount o f  p r e c i p i t a t i o n .  Data i s  l a t e r  r e t r i e v e d  f rom t h e  micro-  

processor. 

The B e l f o r t  r a i n  gage i s  a we igh t ing  gage and converts weight i n t o  

inches o f  r a i n f a l l ,  i n  a d d i t i o n  t o  denot ing t h e  t ime  o f  t h e  r a i n f a l l  

event. Th is  i n fo rma t ion  i s  recorded on a paper c h a r t  which i s  l a t e r  

i n te rp re ted .  The A1 1-Weather r a i n  gages measure r a i n f  a1 1 t o t a l s  o f  one 

o r  more events over t h e  i nspec t i on  i n t e r v a l .  The t i m i n g  o f  t h e  events 
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is not known, only the total rainfall. These All-Weather rain gages 

were the primary gages at DM-1, DM-5, and DM-6. At the remaining 

stations, they were utilized to provide a check on the Sierra-Misco or 

Belfort rain gages. 

The rainfall totals found for the All-Weather and Belfort rain 

gages for the same time period were in agreement. However, the 

rainfall totals for the A1 1-Weather and Sierra-Misco rainfall gages 

were inconsistent. As a result, rainfall data reported for DM-2 and 

DM-3 are taken from the All-Weather rainfall gages, and represent 

the totals of one or more rainfall events. Corrective action for 

improving the accuracy of the tipping bucket gages has to date been 

insufficient to allow dependence on the rainfall data. Prior to 

issuance of this report a major factory, reprogramning of the equipment 

was conducted. The results of that effort have not been assessed to 

date. 

E.4.2 Rainfall Data 

Rainfall data collected from the RMR appears in two forms. It 

appears as monthly totals in Table E.4-1 for each station. Secondly, 

it appears in the form of monthly hyetographs for each station (DM-1 - 
DM-5) on Figures E.4-1 through E.4-28 and Figure E.5-4. The hyeto- 

graphs for stations DM-1, DM-2, DM-3, and DM-5 are periodic totals of 

multiple rainfall events and not individual events. The totals are 

shown when they were determined. Hyetographs for DM-4 are actual 

hourly totals. 

The data shows a typical distribution of rainfall corresponding to 

the wet and dry seasons of southwest Florida. Significant rainfall 

amounts occurred during the months of June to September. Although much 

of this rainfall occurred as isolated thunderstorms over different por- 

t i h s  of the 51-square mile site, the monthly rainfall totals for 

individual stations are in general agreement. 

An assessment of long-term rainfall patterns is provided in the 

mass balance discussion in Section E.7 and Appendix F. 
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E.5 EVAPOTRANSPIRATION QUANTIFICATION 

E.5.1 I n t r o d u c t i o n  

Evapot ransp i ra t ion  (ET) i s  t h e  most c r i t i c a l  p a r m e t e r  o the r  than 

r a i n f a l l  governing t h e  water supply p o t e n t i a l  o f  t h e  RMR. Unfortunate- 

ly, u n l i k e  r a i n f a l l ,  t h e r e  i s  no s i t e  s p e c i f i c  long-term ET data  and 

t h e  paraneter i s  d i f f i c u l t  t o  q u a n t i f y  (Shih, 1981). Due t o  t h e  prob- 

lems inherent  i n  t h e  assessment o f  ET, a  d iscussion o f  t h e  background 

l i t e r a t u r e  on ET i s  provided as a  preface t o  t h e  d e s c r i p t i o n  o f  Dames & 

Moore's q u a n t i f i c a t i o n  e f f o r t s .  

E.5.1.1 Terminology 

As s ta ted  by Tanner (1968), t h e  term evaporat ion app l ies  p r i m a r i l y  

t o  t h e  t ranspor t  o f  water vapor from t h e  source o f  vapo r i za t i on  t o  t h e  

atmosphere. However, w i t h i n  t h e  scope o f  data a c q u i s i t i o n  and water 

management, t h e  phys ica l  i m p l i c a t i o n s  associated w i t h  t h e  term can 

d i f f e r .  

The term evaporat ion possesses some anb igu i t y  due t o  i t s  l ack  o f  

source s p e c i f i c i t y .  This  anb igu i t y  has lead t o  some confus ion i n  

terminology. For t h e  purpose o f  t h i s  repo r t ,  t h e  f o l l o w i n g  d e f i n i t i o n s  

s h a l l  be observed. The term evaporat ion i t s e l f  w i l l  be l i m i t e d  t o  t h e  

vapor i za t i on  o f  water from an open water sur face d i r e c t l y  exposed t o  

t h e  atmosphere, wh i l e  t r a n s p i r a t i o n  i s  used t o  designate t h e  vaporiza- 

t i o n  of water from p l a n t  surfaces. Where t h e  vapor i za t i on  and exchange 

o f  water from a  sur face composed o f  vegeta t ive  cover and bare s o i l  i s  

described, t h e  c o l l e c t i v e  term evapot ransp i ra t ion  s h a l l  be used. 

Two bas ic  forms o f  evapot ransp i ra t ion  are c i t e d  i n  t h e  l i t e r a t u r e .  

The f i r s t  term. " p o t e n t i a l  evapot ransp i ra t ion"  i s  most comnonly def ined 

as, " t h e  m o u n t  o f  water t r a n s p i r e d  per u n i t  o f  t i m e  f o r  optimum water 

supp1.y by  a  short ,  green p l a n t  stand which has uni form he igh t  and which 

complete ly  covers t h e  ground" (Penman, 1956). The study o f  p o t e n t i a l  

evapot ransp i ra t ion  i s  an attempt t o  s i n g l e  ou t  the  c l i m a t i c  f a c t o r s  

i n f l u e n c i n g  evapotranspi rat ion.  By p rov id ing  a  wel l-watered a c t i v e l y  

Revision: 0  
Date: 3/5/86 



growing p l a n t  surface, physiographic and b i o l o g i c a l  a f f e c t s  remain l ess  

complex. The s c i e n t i f i c  comnunity i s  undecided on a  re ference p l a n t  

sur face and any values f o r  p o t e n t i a l  evapot ransp i ra t ion  must re fe rence 

the  growing surface. I n  add i t ion ,  according t o  t h e  Nat iona l  Handbook 

o f  Recommended Methods f o r  Water Data A c q u i s i t i o n  (1982) "Po ten t i a l  

evapot ransp i ra t ion  i s  de f ined as t h e  r a t e  o f  water l oss  from a  wet s o i l  

o r  well-watered. a c t i v e l y  growing vegetat ion, o r  as t h e  r a t e  o f  

evaporat ion from a  water surface." Consequently, p o t e n t i a l  

evapot ransp i ra t ion  i s  a  meteorological  q u a n t i t y  o n l y  app l i cab le  f o r  t h e  

s tud ied  cond i t ions .  

On t h e  other  hand, "ac tua l  evapotranspi rat ion,"  w i l l  depend on 

weather, s o i l ,  and p l a n t  f ac to rs .  Evapotranspi rat ion,  therefore,  can- 

no t  be determined from weather elements o n l y  (De Bruin, 1981). Th is  

parameter o f  actual  evapot ransp i ra t ion  combines meteorological  

va r i ab les  w i t h  physiographic va r iab les  such as s o i l  cond i t ions ,  p l a n t  

water requirements, vegeta t ion  s p a t i  a1 coverage, so i  1  c h a r a c t e r i s t i c s ,  

and water a v a i l a b i l i t y .  Thus, i t  i s  a  more accurate eva lua t i on  o f  

consumptive use o r  evapot ransp i ra t ion .  Unfor tunate ly ,  e f f e c t i v e  

de terminat ion  o f  t h i s  value requ i res  tremendous e f f o r t  t o  understand 

and q u a n t i f y  t h e  complex i n t e r a c t i o n  o f  t h e  var ious  components o f  t h e  

evapot ransp i ra t ion  process. 

E.5.1.2 Evapotranspi rat ion Study Purpose 

A knowledge o f  evapot ransp i ra t ion  i s  essen t i a l  i n  p lann ing  and 

i m p l m e n t i n g  water management systems. I n  t h e  case o f  t h e  RMR, 

evapot ransp i ra t ion  has a  dual impact. F i r s t ,  evapot ransp i ra t ion  

removes water t h a t  may be incorporated i n t o  t h e  water crop. Secondly, 

i t represents t h e  water requ i red  t o  main ta in  t h e  so i l -water  balance. 

Poor management o f  t h i s  so i l -water  balance cou ld  r e s u l t  i n  de t r imenta l  

a l t e r a t i o n s  i n  t h e  landscape. As a  r e s u l t ,  t h e  q u a n t i f i c a t i o n  and 

understanding o f  water-shed consumptive use i s  important  t o  t h e  

eva lua t i on  o f  an a v a i l a b l e  water crop. 

Revision: 0 
Date: 3/5/86 



E.5.2 L i t e r a t u r e  Review o f  Ava i l ab le  Methods 

The l i t e r a t u r e  revealed f o u r  ca tegor ies  o f  methods f o r  quan t i f y i ng  

evapotranspi rat ion.  These are: 

Water balance methods 

" Energy balance 

Mass Transfer  

" P r e d i c t i o n  Methods 

Wi th in  each category are vary ing  techniques, each w i t h  i t s  l i m i t a -  

t i ons ,  advantages, and disadvantages. A d e s c r i p t i o n  o f  t h e  f o u r  

categor ies i s  prov ided i n  Sect ions E.5.2.1 - E.5.2.4. 

E.5.2.1 Water Balance Methods 

Evapotranspirometers/Lysimeters 

I f  p rope r l y  constructed, located, and operated, evapotranspi r -  

ometers can prov ide  t h e  most accurate in fo rmat ion  on ac tua l  o r  

p o t e n t i a l  evapot ransp i ra t ion  and are t h e  o n l y  means t o  c a l i b r a t e  o ther  

methods o f  measuring o r  es t imat ing  evapot ransp i ra t ion  (Gangopadhyaya 

and others. 1966; Harrold, 1966; Tanner, 1967; Blad and Rosenberg, 

1975). 

According t o  t h e  Nat iona l  Handbook o f  Recomnended Methods f o r  

Water Data A c q u i s i t i o n  (1982), an evapotranspirometer i s  an instrument 

cons i s t i ng  o f  a  b lock  o f  s o i l ,  u s u a l l y  p lan ted  w i t h  some vegetat ion, 

and enclosed i n  a  conta iner  which i s o l a t e s  i t h y d r o l o g i c a l l y  frm i t s  

surroundings. I f  t h e r e  i s  p r o v i s i o n  f o r  drainage o f  t h e  s o i l  water, 

one speaks o f  l ys imeters  ( l i t e r a l l y  " leach meters").  I n  addi t ion,  t h e  

d i s t i n c t i o n  should be made as t o  whether t h e  evapotranspirometer 

conta ins  a  d i s tu rbed  o r  undisturbed s o i l  p r o f i l e .  

Wei.ghable Lysimeters 

These i n s t r m e n t s  possess t h e  bas ic  c h a r a c t e r i s t i c s  o f  a l l  lys im- 

e ters ,  however as t h e  term impl ies,  t h e  e n t i r e  apparatus i s  weighed. 
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By cont inuous ly  weighing t h e  s o i l  column w i t h i n  t h e  lys imeter ,  an 

accurate eva lua t ion  o f  t h e  water balance can be determined. Water 

f l u c t u a t i o n s  w i l l  be recorded as changes i n  weight from which losses 

due t o  evapot ransp i ra t ion  may be determined. Weighable l ys ime te rs  can 

be used t o  f o l l o w  d a i l y ,  hour ly ,  o r  even more f requent  changes i n  

evapot ransp i ra t ion .  However, as a t t r a c t i v e  as these inst ruments may 

appear, t hey  are very  expensive and d i f f i c u l t  t o  i n s t a l l  and 

mainta in.  

Nonweighable Lysimeters 

These instruments make use o f  l ys imeter  p r i n c i p l e s  bu t  do no t  use 

changes i n  weight t o  determine mois ture  changes. Mo is tu re  f l u c t u a t i o n s  

are determined by  mon i to r ing  t h e  water t a b l e  i n  t h e  l ys ime te r  and s o i l  

moisture changes i n  t h e  unsaturated zone. Due t o  mois tu re  hys te res i s  

e f f e c t s  and moni to r ing  l i m i t a t i o n s  they  are n o t  su i t ed  f o r  shor t - term 

measurements. 

According t o  t h e  Nat iona l  Handbook o f  Recommended Methods f o r  

Water Data A c q u i s i t i o n  (1982), i ns t runen ts  w i thout  drainage o u t l e t s  

should be used w i t h  a degree o f  caut ion.  This  i s  p a r t i c u l a r l y  impor- 

t a n t  when t h e  water t a b l e  i s  mainta ined a t  a constant  l e v e l .  Th is  

scenario r e s u l t s  i n  increased s o i l  water s a l i n i t y  (Wil l iamson, 1963; 

van Hylckama, 1966; Robinson, 1970). I n  add i t ion ,  i n s t a l l a t i o n s  

w i thout  drainage s u f f e r  from atmospheric a f f e c t s  r e s u l t i n g  i n  water- 

l e v e l  f l u c t u a t i o n s  which obscure t h e  t r u e  losses due t o  evapotranspira- 

t i o n  (Stevenson and van Schaik, 1967; van Hylckama, 1968). Apart from 

these shortcomings, nonweighable l ys ime te rs  are eas ie r  t o  i n s t a l l  and 

mainta in than weighable lysimeters, and combined w i th  t h e i r  low cost, 
t hey  are  an a t t r a c t i v e  a l t e r n a t i v e .  

Large-Area Water Budget Method 

Evapot ransp i ra t ion  est imates can be made f o r  a 1 arge-area us ing 

t h e  hydrologic-budget method, a l so  r e f e r r e d  t o  as t h e  water budget 
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method. The hydro log ic  components may i nc lude  p r e c i p i t a t i o n ,  sur face 

runof f ,  ground water movement, sur face and subsurface storage. The 

remainder o f  t h i s  a lgeb ra i c  r e l a t i o n s h i p  f o r  a  g iven pe r iod  i s  an e s t i -  

mate o f  evapotranspi rat ion.  Es t imat ing  evapot ransp i ra t ion  f r a n  na tura l  

watersheds i nvo l ves  measuring t h e  i n f l o w  as p r e c i p i t a t i o n  and t h e  

ou t f l ow  as stream f l o w  f o r  a  number o f  years i n  o rder  t o  determine t h e  

average annual i n f l o w  and ou t f l ow  rates.  The d i f f e r e n c e  between 

these two r a t e s  i s  an est imate o f  evapot ransp i ra t ion  (Hewlet t  and 

others, 1969). 

To use t h e  large-area water budget method f o r  t h i s  p r o j e c t  would 

r e q u i r e  years o f  s i t e  s p e c i f i c  h i s t o r i c a l  data on t h e  s i t e  o r  a  p r o j e c t  

study pe r iod  o f  several years. Since n e i t h e r  o f  these requirements can 

be met, t h i s  method i s  not  a  p l a u s i b l e  a l t e rna t i ve .  I n  add i t i on ,  

a l though such parameters as p r e c i p i t a t i o n  and s t rean f l o w  may be e a s i l y  

determined, values f o r  ground water f lows and sur face storage are much 

more d i f f i c u l t  t o  obta in.  The permeable s u r f i c i a l  sands and l imestone 

aqu i fe rs  under ly ing  t h e  RMR transcend s u r f i c i a l  drainage d i v i d e s  and 

have t h e  p o t e t i a l  f o r  t ransmi t  l a r g e  q u a n t i t i e s  o f  water underground. 

These waters may reappear downstrean, bu t  t h e  areas or  po in t s  o f  r e -  

charge o f  a l l  t h e  underground water cannot be determined, nor can a l l  

t h e  underground f l o w  be accounted f o r  w i t h  c e r t a i n t y .  These unknown 

hydro log ic  c h a r a c t e r i s t i c s  p r o h i b i t  t h e  use o f  t h e  la rge-area water 

budget re1  a t  ionship.  

So i l -Mo is tu re  Dep le t ion  Method 

According t o  t h e  Nat iona l  Handbook o f  Recomnended Methods f o r  

Water Data A c q u i s i t i o n  (1982). probably t h e  o l d e s t  and most commonly 

used method o f  determin ing evapot ransp i ra t ion  i s  measurement o f  the  

change i n  so i l -mo is tu re  content  a t  rep resen ta t i ve  s i t e s  over a  per iod  

of..,a few days t o  several weeks. So i l -mo is tu re  dep le t i on  approximates 

evapot ransp i ra t ion  under i d e a l  cond i t ions ,  where r a i n f  a1 1 i s  est imated 

from gage data, t h e  water t a b l e  i s  considerably below t h e  r o o t  zone. 

and the re  i s  no s i g n i f i c a n t  drainage f r a n  t h e  r o o t  zone. Attempts t o  
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measure t h e  f l u x  o f  s o i l  water upward o r  downward below t h e  r o o t  zone 

a t  rep resen ta t i ve  s i t e s  us ing f l u x  meters have n o t  been successful .  

S i m i l a r l y ,  at tempts t o  est imate t h e  upward o r  downward movement o f  s o i l  

water by measuring t h e  h y d r a u l i c  g rad ien t  and c a l c u l a t i n g  t h e  hyd rau l i c  

c o n d u c t i v i t y  have n o t  been very  successful .  Also, s o i l  moisture may 

move upward o r  downward due t o  t h e  thermal and s a l t  g rad ien ts  which can 

in t roduce s i g n i f i c a n t  e r r o r .  

The inherent  phys ica l  problems associated w i t h  t h i s  method, t h e  

shal low water t ab les  and t h e  p e r i o d i c  i n t e r a q u i f e r  f l u x  (Appendix C) 
made t h i s  an unacceptable approach f o r  es t ima t ing  evapot ransp i ra t ion  on 

t h e  RMR. 

E.5.2.2 Energy Balance Method 

The energy balance method o f  determin ing evapot ransp i ra t ion  i s  

based on t h e  conservat ion o f  heat energy. This  method requ i res  complex 

i ns t runen ta t i on  and i s  o f t e n  plagued by  maintenance problems wh i l e  

v o l m i n o u s  records  o f  da ta  must be generated and processed. Only a few 

s tud ies  have been conducted cont inuous ly  f o r  more than several days. 

The requirements and l i m i t a t i o n s  o f  t h i s  method were unsu i tab le  f o r  t h e  

RMR p r o j e c t .  

E.5.2.3 Mass Transfer  Methods 

Mass t r a n s f e r  methods u t i l i z e  t h e  v e r t i c a l  vapor f l u x  t o  de ter -  

mine consunptive use. L i k e  t h e  energy balance method these methods 

r e q u i r e  complex i ns t runen ta t i on  and o ther  needs t h a t  a re  n o t  com- 

mensurate w i t h  t h e  l e v e l  o f  accuracy requ i red  f o r  t h i s  study. 

E.5.2.4 P r e d i c t i o n  Methods 

Empi r ica l  Equations 
.:, 

Nunerous emp i r i ca l  equat ions have been developed f o r  es t imat ing  

p o t e n t i a l  evapotranspi rat ion.  These equat ions u t i l i z e  a i r  temperature, 

s o l a r  r a d i a t i o n ,  hun id i t y ,  and wind speed. Also inc luded i n  these 

empi r ica l  equat ions i s  a c rop  c o e f f i c i e n t  c m o n l y  r e f e r r e d  t o  as K. 
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This c o e f f i c i e n t  i s  exper imenta l l y  determined, thereby  c a l i b r a t i n g  the  

empi r ica l  r e l a t i o n .  Empi r ica l  equat ions o f t e n  make use o f  a v a i l a b l e  

c l i m a t o l o g i c a l  data, bu t  t h e  exper imenta l l y  determined crop c o e f f i c i e n t  

and t h e  s i t e - s p e c i f i c  environment used t o  develop t h e  r e l a t i o n  severe ly  

l i m i t  the  use o f  t h e  equat ion i n  o the r  areas. 

Pan Evaporat ion 

Pan evaporat ion da ta  can prov ide  very  r e l i a b l e  est imates o f  

p o t e n t i a l  evapotranspi rat ion.  However, pan evaporat ion appears t o  be 

more s e n s i t i v e  t o  wind cond i t i ons  than wel l-watered sho r t  grass, 

e s p e c i a l l y  when r a d i a t i o n  l e v e l s  are lower (Nat iona l  Handbook o f  

Recomnended Methods f o r  Water Data Acqu is i t ion ,  1982). Pan evaporat ion 

values have c o e f f i c i e n t s  app l ied  t o  them i n  order  t o  p r e d i c t  f u t u r e  

losses due t o  actual  evapotranspi rat ion.  These c o e f f i c i e n t s  are a 

means o f  c a l i b r a t i n g  pan evaporat ion data t o  model losses due t o  

seasonal evapotranspi rat ion.  These c o e f f i c i e n t s  must be der ived from 

ac tua l  evapot ransp i ra t ion  i n fo rma t ion  i n  order  f o r  t h e i r  a p p l i c a t i o n  t o  

be meaningful .  

E.5.3 RMR Evapotranspirometer Approach 

The e v a p o t r a n s p i r ~ e t e r  was chosen f o r  mon i to r i ng  and determining 

evapot ransp i ra t ion  based on t h e  prev ious d iscussion o f  a v a i l a b l e  

methods. The c r i t e r i a  f o r  t h i s  dec i s ion  were as fo l l ows :  

c r e d i b i l i t y  from t h e  s c i e n t i f i c  community 

p r a c t i c a l  cons t ruc t i on  and i n s t a l l a t i o n  requirements 

i n s t r u n e n t a t  i on  

" maintenance 

..., 
* cos t  

The u l t i m a t e  goal o f  t h i s  i n v e s t i g a t i o n  i s  development o f  empi r i -  

c a l  evapot ransp i ra t ion  r e l a t i o n s h i p s  f o r  RMR i n d i v i d u a l  macroscale 
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vege ta t i ve  c m u n i t i e s  based on seasonal evapotranspirometer and 

Nat iona l  Weather Serv ice Pan Evaporat ion data. 

E.5.3.1 Evapotranspirometer S i t e  Se lec t ion  St ra tegy  

Evapotranspirometers were l oca ted  i n  t h e  t h r e e  most d i s t i n c t  and 

c h a r a c t e r i s t i c  vegeta t ive  h a b i t a t s  found on t h e  RMR: 

* P ine Flatwood 

* Wet1 and 

Dry P r a i r i e  

The purpose o f  l o c a t i n g  an i n s t a l l a t i o n  i n  each o f  these h a b i t a t s  was 

t o  incorpora te  i n t o  t h e  analyses t h e  a f f e c t s  o f  va ry ing  exposures, 

vegetat ion, and s o i l  p roper t ies .  

E.5.3.2 Evapotranspirometer Construct ion 

The t h r e e  evapotranspirometers are i d e n t i c a l  i n  cons t ruc t ion .  

Each c y l i n d r i c a l  tank i s  6 f e e t  i n  diameter and 7 f e e t  t a l l .  The tanks 

are sealed a t  t h e  base and were formed from f i b e r g l a s s  b y  a l o c a l  

f i b e r g l a s s  f a b r i c a t o r .  

E.5.3.3 Evapotranspirometer I n s t a l 1  a t i o n  

The p ine  f la twood and d r y  p r a i r i e  i n s t a l l a t i o n s  were i n s t a l l e d  

us ing i d e n t i c a l  procedures (see Figures E.5-1 and E.5-2). F i r s t ,  a 

convenient and rep resen ta t i ve  l o c a t i o n  was chosen and v e r i f i e d  w i t h  t h e  

p r o j e c t  environmental consul tants.  The s o i l  was removed by  smal l  

backhoe i n  1- t o  3- foo t  l aye rs  c l o s e l y  corresponding t o  v i s i b l e  changes 

(e.g., co lor ,  t e x t u r e )  i n  t h e  s o i l  p r o f i l e .  The s o i l s  were stock p i l e d  

separately,  and then covered by  f i l t e r  f a b r i c  t o  prevent  d ry ing  and 

any degredat ion o f  b i o t a  t o  the  degree possib le.  P r i o r  t o  t h e  removal 

o f  each layer ,  t h e  i n  s i t u  permeabi l i ty ,  wet and d r y  dens i t ies ,  and 

water content  were determined (see Table E.5-1). The base o f  each 

evapotranspirometer i s  loca ted  5 t o  6 f e e t  below t h e  n a t u r a l  ground 

sur face.  
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Once t h e  tank was i n  place, a  4 - inch  PVC w e l l  was i n s t a l l e d  i n s i d e  

t h e  tank t o  mon i to r  f u t u r e  water t a b l e  f l u c t u a t i o n s  w i t h i n  t h e  tank. 

An add i t i ona l  mon i to r ing  w e l l  was i n s t a l l e d  ou ts ide  o f  t h e  tank t o  

determine na tu ra l  ground water f l u c t u a t i o n s .  Next a 1 - foo t  l a y e r  o f  

gravel  was spread around t h e  base o f  each w e l l  and covered w i t h  f i l t e r  

f a b r i c .  Th is  gravel  l a y e r  should prevent c logg ing  and enhance seepage 

from t h e  s o i l  column t o  t h e  w e l l  so t h a t  water l e v e l  f l u c t u a t i o n  

response t imes may be shortened. I n  addi t ion,  because t h e  s o i l  l a y e r  

ad jo in ing  t h e  gravel  l a y e r  contained s i g n i f i c a n t  amounts o f  c l a y  w i t h  

low permeab i l i t y ,  gravel  columns were placed i n t o  t h i s  l a y e r  t o  p rov ide  

b e t t e r  h y d r a u l i c  f l o w  between t h e  gravel  l a y e r  and t h e  remaining upper 

s o i l  hor izons.  

As each s o i l  ho r i zon  was replaced t o  i t s  o r i g i n a l  depth, i t  was 

again tes ted  f o r  permeab i l i t y ,  wet and d r y  dens i t ies ,  and water con- 

t e n t .  These values were compared w i t h  e a r l i e r  i n  s i t u  measurements 

(see Table E.5-1). S o i l  moisture b locks were a l so  i n s t a l l e d  w i t h i n  

each s o i l  ho r i zon  i n  o rder  t o  mon i to r  mo is tu re  f l u c t u a t i o n s  i n  t h e  

unsaturated zone. A f t e r  t h e  s o i l  column was completed, vegeta t ion  

n a t i v e  t o  t h e  surrounding h a b i t a t  was t ransp lan ted both  i n s i d e  and out -  

s ide  o f  t h e  i n s t a l l a t i o n  i n  order  t o  homogenize t h e  environment 

adjacent t o  t h e  evapotranspirometer. 

The procedure used t o  i n s t a l l  t h e  wetland evapotranspirometer 

d i f f e r e d  s l i g h t l y  from t h e  prev ious i n s t a l l a t i o n s  (see F igu re  E.5-3). 

Due t o  t h e  poor foundat ion cond i t i ons  encountered w i t h i n  t h e  wetland, 

opera t ion  o f  t h e  backhoe was l i m i t e d  and hand i n s t a l l a t i o n  was r e -  

qui red.  I n s t a l l a t i o n  d i f f i c u l t i e s  combined w i t h  problems i n  t e s t i n g  

t h e  i n  s i t u  s o i l  column l e d  t o  a  dec i s ion  n o t  t o  cont inue t e s t i n g  

i n d i v i d u a l  l aye rs  o f  t h e  s o i l  column. I t  was a l so  found du r ing  t h e  

excavation, t h a t  t h e  s o i l  column was homogeneous t o  a  depth o f  6 f e e t  

and.extensive t e s t i n g  was n o t  necessary. I n  addi t ion,  due t o  t h e  

p o o r l y  dra ined nature  o f  t h e  wetland s o i l s ,  mo is tu re  b locks and an 

ex te rna l  mon i to r i ng  w e l l  were omi t ted  from t h e  i n s t a l l a t i o n .  
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E.5.3.4 Evapotranspirometer P r i n c i p l e s  

The p r i n c i p l e  o f  evapotranspirometer opera t ion  i s  as fo l l ows :  a 

rep resen ta t i ve  soi  1 column w i t h  a c t i v e l y  growing vegetat ion i s  i s01  ated 

from t h e  surrounding s o i l .  A l l  f l u x e s  o f  water e n t e r i n g  o r  l eav ing  the  

system are measured except f o r  t h e  evapot ransp i ra t ion  f l u x .  I npu ts  t o  

t h e  system are p r e c i p i t a t i o n  and water added by  t h e  f i e l d  techn ic ian  t o  

main ta in  c e r t a i n  water t a b l e  leve ls .  Outputs are evapot ransp i ra t ion  

and water removed by  t h e  f i e l d  techn ic ian  (Bue l l  and Bal lard,  1972). 

The change i n  water storage i s  determined b y  measuring t h e  changes i n  

t h e  s o i l  column water t a b l e  l e v e l  and m u l t i p l y i n g  t h i s  change by t h e  

s p e c i f i c  y i e l d  o f  t h e  system. The spec i f i c  y i e l d  o f  t h e  system ( ) i s  

def ined as t h e  amount o f  water t h a t  must be added o r  removed t o  cause 

t h e  water t a b l e  i n  t h e  evapotranspirometer t o  change 1 f o o t .  

Changes i n  water storage occur i n  t h e  s o i l  bo th  above and below 

t h e  water t a b l e  (Bue l l  and Ba l la rd ,  1972). F luc tua t i ons  below t h e  

water t a b l e  can be monitored b y  a w e l l  w i t h i n  t h e  s o i l  column. Mois- 

t u r e  storage measurement i n  t h e  unsaturated zone i s  more problemat ic .  

S o i l  moisture b locks were i n s t a l l e d  t o  va ry ing  depths w i t h i n  t h e  s o i l  

column t o  measure s o i l  moisture.  I n  t h e  study done b y  Bue l l  and 

B a l l a r d  (1972) water s torage i n  t h e  unsaturated zone was no t  measured 

and assumed t o  be zero. According t o  t h e  Bue l l  study, t h e  long-term 

mean o f  t h e  water s torage i n  t h e  unsaturated zone i s  a term t h a t  i s  

smal l  compared t o  t h e  t o t a l  evapot ransp i ra t ion  o f  t h e  evapotranspiro- 

meter. Although i g n o r i n g  t h i s  storage may reduce t h e  accuracy o f  

weekly evapot ransp i ra t ion  estimates, t h e  e r r o r  i n  es t ima t ing  monthly 

evapot ransp i ra t ion  w i l l  be small. The water budget equat ion f o r  t h e  

evapotranspirometer becomes: 

I n p u t  - Output = A Storage Eq. E.5-1 

. ( P r e c i p i t a t i o n  + Add i t ions)  - (Evapot ransp i ra t ion  + Removals) = 
" ,,(A Water Table) Eq. E.5-2 

Evapot ransp i ra t ion  = P r e c i p i t a t i o n  + Add i t ions  -   em ovals - ,, ( A  
Water Table) Eq. E.5-3 
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The advantage of the evapotranspirometer approach is that hydro- 

logic parameters such as runoff, ground water seepage, and ground water 

interflow are eliminated from the water budget of the installation. By 
isolating the soil column fran the surrounding soil, ground water 

fluxes have been eliminated. In addition, the evapotranspirometers 

used on the RMR extend approximately 1 foot above the natural ground 

surface and capture any water that would normally run off this surface. 

Consequently, the evapotranspirometer design prevents runoff and ground 

water fluxes that would normally be difficult to measure. 

In general, within this isolated environment of the evapotrans- 

pirometer all water fluxes can be determined except for the evapotrans- 

piration flux. This flux is computed by solving the algebraic 

expression relating all of the fluxes. 

E.5.3.5 Evapotranspirqeter Monitoring 

Monitoring of the evapotranspirometers began in July 1985, and has 

been ongoing at weekly and occasionally daily intervals along with 

other surface water investigation activities. Data necessary to the 

calculation of evapotranspiration from these devices includes inches of 

rainfall, and depth to the evapotranspirometer water table. The rain- 

fall represents an input while the water table level, when compared to 

the previously recorded level, represents the change in soil water 

storage. 

Water table levels within the pine flatwoods and dry prairie 

installations were allowed to fluctuate undisturbed unless ponded 

water was present. When water ponded on the surface, it was bailed 

from a perforated sump bucket. This outflow was measured, recorded, 

and entered into the calculation of evapotranspiration. This procedure 

was followed except when the natural water table surrounding a monitor 

exceeded the ground surface. In such conditions the water table in the 

evapotranspirometer was allowed to break the surface in an attempt to 
mimic natural conditions. As the natural water table subsided, water 

was bailed from the evapotranspirometer. Above ground surf ace water 
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l e v e l s  were p e r i o d i c a l l y  experienced a t  t h e  p ine  f l a twod  moni tor  bu t  

n o t  a t  t h e  d r y  p r a i r i e  i n s t a l l a t i o n .  

I n  con t ras t  t o  t h e  two moni tors discussed above, t h e  wetland 

evapotranspirometer i s  loca ted  w i t h i n  an area o f  ponded water. As a 

r e s u l t ,  t h e  mon i to r  water l e v e l  was kept  t o  a depth n e a r l y  equ iva len t  

t o  na tu ra l  wetland pool depth, prov ided t h i s  depth d i d  no t  exceed t h e  

volume l i m i t a t i o n s  o f  t h e  evapotranspirometer. Water was removed or  

added as needed and recorded f o r  use i n  c a l c u l a t i n g  

evapotranspi rat ion.  

E.5.3.6 Evapotranspirometer I n s t a l l a t i o n  De f i c i enc ies  

Several problems and concerns have r e s u l t e d  from t h i s  evapotrans- 

p i rometer  approach and consequent evapot ransp i ra t ion  i nves t i ga t i on .  

Drainage 

L i t e r a t u r e  c i t e d  e a r l i e r  i n  t h i s  sec t ion  discouraged t h e  use o f  

evapotranspirometers w i thout  drainage. Drainage from t h e  tank was 

considered dur ing  t h e  i ncep t i on  o f  t h e  evapotranspirometer design. 

However, i t was decided n o t  t o  p rov ide  drainage f o r  several reasons. 

F i r s t ,  t h e  shal low water t a b l e  found on the  s i t e ,  combined w i t h  low 

topographic r e l i e f  reduces t h e  n a t u r a l  subsurface drainage. This  l e d  

t o  t h e  conclus ion t h a t  drainage from t h e  evapotranspirometer may no t  be 

s i g n i f i c a n t  enough t o  warrant measurement. Secondly, i f  drainage from 

t h e  tank was permit ted, i t would be necessary t o  determine t h e  quant i -  

t i e s  l eav ing  t h e  system i n  o rder  t o  l i m i t  any confounding e f f e c t s  t h i s  

v a r i a b l e  may induce i n t o  t h e  water budget computation. During t h e  

design o f  t h e  i n s t a l l a t i o n s ,  i t  was decided t h a t  t o  p rov ide  accurate 

drainage mon i to r i ng  complicated t h e  design and requ i red  an e f f o r t  no t  

commensurate w i t h  t h e  intended use o f  t h e  evapotranspirometers. 

" 

The problems o f  increased s a l i n i t y  and barometeric e f f e c t s  a re  

c u r r e n t l y  being invest igated,  and m i t i g a t i v e  measures devised. 

Poss ib le  measures i nc lude  es t imat ing  barometr ic  a f f e c t s  on water l e v e l  
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