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Preface
In order to implement and achieve the socio-development plan of Lao PDR
from now until 2020, the government stress on poverty eradication, graduating from the
least developed country and making Laos an industrialised country.The Ministry of
Agriculutre and Forestry (MAF) has focused on human resources development as the
first priority in order to meet four goals and 14 rules determined by MAF.
Currently, the technical staff of MAF in all levels still lack qualified knowledge.
Therefore, from now until 2020 the focus is on creating skillful staff. English is one of
the inadequate mentioned skills.As a result, the team of English teachers together
created the textbook called “ Communicative English For Agriculture”.This textbook
focuses ondeveloping all 4 skills for students of English as a foreign language. It
presents fundamental structures and vocabulary. This text actively promotes the
development of speaking, listening, writing and reading. Students can practice by
themselves or with their friends, apart from learning from the teacher. Moreover, it is
emphasized on communicative English and English for Agriculture, namely Livestock,
Agronomy, Forestry and Agribusiness.
This textbook is developed to make it easy for understanding and suitable for
the beginners to communicate English fluently in the Agriculture and Forestry Colleges.
The English Curriculum Development Team would like sincerely thank all
related parties for the financial and technical support to make this a success. This
textbook will be used in all Agriculture and Forestry Colleges throughout Laos. Should
the users or implementers see any mistakes, please submit the comments to our team
for further development.
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Part.  General English
Lesson 1 Can
Objective
 Students will be able to use “can” to talk about their abilities.
 Students will be able to make sentences.
 Students will be able to ask and answer the questions about “can”.

Content
1.1

What is the verb “can”?
Can is one of the helping verbs. We like to use can to talk about what

we can do in our daily lives. Apart from talking about the abilities, we also use
“can” to ask for permissions and make requests. When using can, we can use
the simple structure
1.2

The structure of the verb “can”
S

+ can + V1

Lists of the verbs to be used with “Can”
V1

V2

V3

awake

Awoke

awoken

be

was, were

been

beat

Beat

beaten

become

Became

become

begin

Began

begun

bend

Bent

bent

bet

Bet

bet

bid

Bid

bid

bite

Bit

bitten

blow

blew

blown

break

broke

broken
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bring

brought

brought

broadcast

broadcast

broadcast

build

built

built

burn

burned or burnt

burned or burnt

buy

bought

bought

catch

caught

caught

choose

chose

chosen

come

came

come

cost

cost

cost

cut

Cut

cut

dig

Dug

dug

do

Did

done

draw

drew

drawn

dream

dreamed or dreamt

dreamed or dreamt

drive

drove

driven

drink

drank

drunk

eat

Ate

eaten

fall

Fell

fallen

feel

Felt

felt

fight

fought

fought

find

found

found

fly

flew

flown

forget

forgot

forgotten

forgive

forgave

forgiven

freeze

froze

frozen

get

Got

got (sometimes gotten)

give

gave

given

go

went

gone

grow

grew

grown

hang

hung

hung

have

Had

had

hear

heard

heard

hide

Hid

hidden

hit

Hit

hit

hold

held

held
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hurt

hurt

hurt

keep

kept

kept

know

knew

known

lay

Laid

laid

lead

Led

led

learn

learned or learnt

learned or learnt

leave

Left

left

lend

lent

lent

let

Let

let

lie

Lay

lain

lose

lost

lost

make

made

made

mean

meant

meant

meet

met

met

pay

paid

paid

put

Put

put

read

read

read

ride

rode

ridden

ring

rang

rung

rise

rose

risen

run

Ran

run

say

said

said

see

saw

seen

sell

sold

sold

send

sent

sent

show

showed

showed or shown

shut

shut

shut

sing

sang

sung

sit

Sat

sat

sleep

slept

slept

speak

spoke

spoken

spend

spent

spent

stand

stood

stood

swim

swam

swum

take

took

taken

4

teach

taught

taught

tear

tore

torn

tell

Told

told

think

thought

thought

throw

threw

thrown

understand

understood

understood

wake

woke

woken

wear

wore

worn

win

won

won

write

wrote

written

“Can” is used to talk about the ability.
1.

I can play football.

2. I can sing Lao song.
3. I can play the guitar.
4. I can cook Lao food.
5. I can dance.
6. I can swim at the waterfall.
7. I can jump in the park.
8. I can climb the tree.
9. I can speak English.
10. I can cut the flowers.
11. I can grow the trees.
12. I can raise the chickens/cows/goats/fish/pigs/buffaloes.
13. I can prepare the fish breeding tank.
“Can” is used to talk about requests.
1.

Can you bring me some tea?

2. Can you give me some ice?
3. Can I borrow your book?
4. Can you close the door?
5. Can you open the door?
6. Can you turn on the lights?
7. Can you turn off the lights?
8. Can you lend me some money?
9. Can you add more salt in the soup?
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1.3

Using Question Words with “Can”
Question words “What, where, when, who, why, how” are the words

used at the beginning of the sentences to ask for specific information.
For example,
1.

What can you do?
I can sing.

2. Where can you sing?
I can sing in the restaurant.
3. When can you sing in the restaurant?
I can sing in the restaurant at ten o’clock.
4. Who can you sing in the restaurant with?
I can sing in the restaurant at ten o’clock with my friends.
5. Why can you sing in the restaurant?
I can sing in the restaurant because I work there.
6. How can you sing in the restaurant?
I can sing in the restaurant by using the microphones.

1.4

Yes/No questions with “Can”
We ask Yes/No questions to check understanding to confirm the

uncertain information and abilities. The structure of this type of question is “Can
you+V1?”. When asking this type of question, the last word always has the rising
tone.
1.

Can you eat ice-cream?
Yes, I can.

2. Can you play football?
No, I cannot.
3. Can you swim?
Yes, I can.
4. Can you dance?
No, I cannot.
5. Can you write A.B.C?
Yes, I can.
6. Can you sing?
No, I cannot.
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7. Can you go to school?
Yes, I can.
8. Can you cook fish?
No, I cannot.
9. Can you drink coffee?
Yes, I can.
10. Can you speak English?
No, I cannot.
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Lesson 2 Have
Objective
 Students will be able to use “Have” to talk about things that they have.
 Students will be able to make sentences using the verb to have.
 Students will be able to ask and answer the questions about “Have”.

Content
2.1

What is the verb “to have”?
Have is one of the helping verbs. We like to use have to talk about what

we have. Even though, “Have” can mean possession, it can have many usages.
For example, Have can mean eat (I have breakfast). We can use the simple
structure.
S + have + object …….
“Have” is used to talk about what people have.
1.

I have a guitar.

2. I have a T-shirt.
3. I have a cell phone.
4. I have a motorbike.
5. I have an apple.
6. I have a computer.
7. I have a dictionary.
8. I have a balloon.
9. I have a banana.
10. I have a chair.
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2.2

Vocabulary Checklist

Numbers

colors

clothes

One

black

belt

Two

blue, dark blue, light blue

blouse

three

green, dark green, light green

boots

four

brown, dark brown, light brown

coat

Five

gray, dark gray, light gray

dress

Six

orange

short

seven

pink

hat

eight

purple

jacket

nine

red

jeans

ten

tan, beige

pants

twenty

white

sandals

Thirty

yellow

scarf

Forty

gold

shirt

Fifty

silver

shoes

Sixty

skirt

seventy

slacks

eighty

suit
For example:
1. I have two red shirts.
2. I have six yellow jeans.
3. I have two purple scarves.

2.3

Using Question Words with “Have”
Question words with “What, where, when, who.......”
For example:
1. What do you have?
I have a belt.
2. Where do you have a belt?
I have a belt in the market.
3. When do you have a belt?
I have a belt in the market at four o’clock.
4. Why do you have a belt?
I have a belt because I lost the old one.
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2.4

Yes/No questions with “Have”
We ask Yes/No questions to check understanding and to confirm things

that we have. The structure of this type of question is “Do you have….?
1. Do you have a car?
Yes, I do.
2. Do you have a scarf?
No, I don’t.
3. Do you have a red hat?
Yes, I do.
4. Do you have four mangoes?
No, I don’t. I have two mangoes.
5. Do you have a dog?
Yes, I do.
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Lesson 3 Present Simple Tense
Objective
 Students will be able to use “Present Simple Tense” to talk about
things that happen every day and naturally.
 Students will be able to make sentences about present simple tense.
 Students will be able to ask and answer the questions about
“Present simple tense”

Content
3.1

What is the “Present simple tense”?
Present simple tense is the tense talk about real facts and information.

For example, we use this tense to talk about what people do, who he/she is,
where they come from...., what his/her job is, what they like etc......
Present Simple Tense Structure:
S + V1 + Obj...
Example:
1. I drink water.
2. I play football.
3. I swim at the Mekhong River.
4. I eat chocolate.
5. I dance at the party.
6. I jump rope.
7. I listen to the radio.
8. I read English.
9. I beat the drum.
10.I feed the fish.
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WH Questions with "do"
WH + do + you

+ V1?

Examples:
1. What do you do?
I play football.
2. Where do you play football?
I play football at the park.
3. When do you play football at the park?
I play football at the park at 5 o’clock.
4. Who do you play football at the park at 5 o’clock with?
I play football at the park at 5 o’clock with my friends.
5. Why do you play football….?
I play football because I like it.
WH Questions with "be"
WH + be

+

Subject

Examples:
* Where are you from?
* Who is that man?
* When is your class?
WH Questions are similar to YES/NO questions, but they have
WH words at the start.
Let's look at an example:
Are you from Canada?
* Where are you from?
Here are some examples of the questions and answers:
1. Where are you from?
I am from Japan.
2. What is your name?
My name is Monkham.
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3. When do you wake up?
I wake up at 7:30 am.
4. Why are you angry?
I am angry because I did not pass my exam.

3.2

Positive sentence

Subject + Verb1 + Object.......
drink

I

water/coffee/milk

eat

sticky rice/chicken meat

He

Drives

a motorbike/a car

She

writes

It

rains

a letter/a message

We

Work

on a farm/for a project

you

have

They

like

ten buffaloes/five goats

a lot/ a little bit

cat fishes/rabbit

Examples:
1. We study English for agriculture
2. He harvests potatoes in the field

3.3

Interrogative sentence

Verb to do + Subject + verb1 + Object........
Do

drink

water/coffee/milk

eat

sticky rice/chicken meat?

He

drive

a motorbike/a car

she

write

a letter/a message

it

rain

a lot/ a little bit?

we

Work

on a farm/for a project

you

have

ten buffaloes/five goats

they

like

cat fishes/rabbit?

I

Does

Do
Examples:

1. Do we study English for agriculture?
2. Does he harvest rice in the field?
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3.4

Negative sentence
Subject +Verb to do+not+verb1 + Object............
I

do not/ don’t

drink

water/coffee/milk

eat

sticky rice/chicken meat

He

does not/ doesn’t drive

she

write

a letter/a message

it

rain

a lot/ a little bit

we

work

on a farm/for a project

have

ten buffaloes/five goats

like

cat fishes/rabbit

you
they

do not/don’t

Examples:
1. We don’t study English for agriculture
2. He doesn’t harvest rice in the field

a motorbike/a car
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Lesson 4 Present Continuous Tense
Objective
 Students will be able to use the structure of Present Continuous
Tense.
 Students will be able to make the sentences using Present
Continuous Tense.

Content
4.1

What is the Present Continuous Tense?
We use Present Continuous Tense to talk about an event that is

happening at the moment. The present continuous tense is formed from the
present tense of the verb be and the present participle (-ing form) of a verb:
Structure of Present Continuous Tense
S + am, is, are+ V1 + ing
Use
 We use the present continuous tense to talk about the present:
 For something that is happening now:
I am eating chocolate.
Please be quiet. The children are sleeping.
I am kicking the ball.
I am studying English.
I am dancing on the floor.
 For something which is happening before and after a given time
At eight o’clock we are usually having breakfast.
When I get home, the children are doing their homework.
 For something which we think is temporary:
He’s studying Livestock and fishery at NAFC.
I’m working in LuangPrabang for the next two weeks.
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 For something which is new and contrasts with a previous state:
These days most people are using email instead of writing
letters.
What sort of clothes are teenagers wearing nowadays?
What sort of music are they listening to?
 To show that something is changing, growing or developing:
The children are growing quickly.
The climate is changing rapidly.
Your English is improving.
 For something which happens again and again:
It’s always raining in Laos.
They are always arguing.
George is great. He’s always laughing.
Note: We normally use always with this use.
 We use the present continuous tense to talk about the future:
 For something which has been arranged or planned:
Mrs Phannga is going to a new school next term.
What are you doing next week?
Examples:
1.

I am cooking dinner

2. I am playing football
3. I am singing Lao song
4. I am swimming
5. I am listening to the music
6. I am speaking English
7. I am doing my homework
8. I am writing the letter
9. You are brushing your teeth
10. You are walking to the cattle farm
11. You are feeding chickens
12. He is drinking water
13. He is planting the trees
14. He is harvesting the rice in the field
15. She is digging the plot
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16. She is castrating testicles of the buffaloes
17. She is steaming the rice

4.2

Using Question Words with Present Continuous Tense
1. What are you doing?
I am cooking dinner
2. When are you cooking dinner?
I am cooking dinner at 7:30
3. Who are you cooking dinner with?
I am cooking dinner with my mother
4. Why are you cooking dinner with your mother?
I am cooking dinner with my mother because I like to help her

4.3

Yes/No questions with Present Continuous Tense
1.

Are you cooking dinner?
Yes, I am

2. Are you dancing?
No, I am not
3. Are you watching TV?
Yes, I am
4. Are they playing football?
Yes, they are
5. Are they swimming?
No, they are not
6. Are we going to the market?
Yes, we are
7. Is he doing his homework?
Yes, he is
8. Is he playing rattan ball?
No, he is not
9. Is she eating mango?
Yes, she is
10. Is she reading history book?
No, she is not
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1.

Affirmative (Positive) Sentences

Subject

“To Be”

Verb (Present Participle)

Rest of the sentence

I

Am

working

In my office.

You

Are

learning

English at home.

We

Are

reading

newspaper

He

Is

speaking

on the phone.

She

Is

writing

a novel.

It

Is

getting

worse.

They

Are

playing

football.

2. Negative Sentences
Subject

“To Be”

Verb (Present Participle)

Rest of the sentence

I

am not

working

In my office

You

are not

learning

English at home

We

are not

reading

newspaper

He

is not

speaking

on the phone

She

is not

writing

a novel

It

is not

getting

worse

They

are not

playing

football

3. Yes/No type Question
Auxiliary

Subject

Verb (Present Participle)

Rest of the sentence?

Am

I

working

In my office?

Are

You

learning

English at home?

Are

We

reading

newspaper?

Is

He

speaking

on the phone?

Is

She

writing

a novel?

Is

It

getting

worse?

Are

They

playing

football?

18

4. Information Questions
Question

Auxiliary

Subject

Present Participle

Rest of the sentence?

When

Am

I

working

on my website?

Where

Are

you

learning

English?

What

Are

we

reading

?

What

Is

he

speaking

on the phone?

What

Is

she

writing

?

Why

Is

it

getting

worse?

Where

Are

they

playing

cricket?
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Lesson 5 Future Tense
Objective
 Students will be able to usefuture simple tense to talk about the
future.
 Students will be able to make sentences about the future tense.

Content
5.1

What is the future simple tense?
The FutureSimple Tense is one of the tenses in English. We like to talk

about the future and something we will do in the future or something that will
happen soon. The future simple tense structure is as follow.
S + will + V1

Future simple tense is used about the future.
1.

I will go to school at half past seven tomorrow morning.

2. I will sleep under the tree at ten o’clock next Sunday.
3. I will walk to the market tomorrow morning.
4. I will talk to my friend tomorrow.
5. I will feed my pig tomorrow evening.
6. I will do my exercise after school tomorrow.
7. I will cook Lao food tomorrow evening.
8. I will get up at six o’clock tomorrow morning.
9. I will study English at 10:00 tomorrow morning.
10. I will grow the trees tomorrow night.
11. I will have lunch with my parents at noon tomorrow.
12. I will eat the vegetables at 6:30 tomorrow evening.
13. I will at the library tomorrow afternoon.

20

14. I will be back in a few minutes.
15. I know the weather will turn cold in October.
16. I will be at home tomorrow night.
17. I will try to study hard next year.
18. I will be ready in a few month.

5.2

Lists of words be used with “Future Simple Tense”
Tomorrow
tomorrow morning
tomorrow afternoon
tomorrow evening
tomorrow night
next week
next month
next year
next spring
next summer
next fall
next winter
next Monday
next Tuesday
next Wednesday
next Thursday
next Friday
next Saturday
next Sunday
in a minute
in two minutes
in three minutes
in two more minutes
in three minutes
in three more minutes
in a few minutes
in a few more minutes
in a couple of minutes
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5.3

Using Question Words with “Future Simple Tense”
Question words “What, where, when, who, why, how” are the words

used at the beginning of the sentences to ask for specific information.
For example,
1. What will you do tomorrow?
I will play football.
2. Where will you play football?
I will play football in the football stadium.
3. When will you play in the football stadium?
I will play in the football stadium at 5:00 o’clock.
4. Who will you play with in the football stadium?
I will play with my friends.
5. Why will you play in the football stadium?
I will play football because it is quite near my house.
6. How will you go to the football stadium?
I will go to the football stadium by bicycle.

5.4

List of chart “future simple tense”
5.4.1

Affirmative sentences in the will + V1
Example:

1. I will win the match.
2. You will win the match.
3. He will win the match.
4. She will win the match.
5. It will win the match.
6. We will win the match.
7. You will win the match.
8. They will win the match.

5.4.2

Negative sentences in the will + not + V1
Example:

1. I will not win the match.
2. You will not win the match.
3. He will not win the match.
4. She will not win the match.
5. It will not win the match.
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6. We will not win the match.
7. You will not win the match.
8. They will not win the match.

5.4.3

Interrogative sentences in the will + S + V1
Example:

1. Will he go to the market tomorrow morning?
2. Will you be home next week?
3. Will your friends help you clean your room tomorrow
morning?
4. Will she talk about history in a few days?
5. Will someone buy some milk and cheese for next
workshop?
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Lesson 6 Question Words
Objective
 Students will be able to use “Question words” to ask about their
questions.
 Students will be able to make questions with different verb forms.

Content
6.1

What is “Question Words”?
“Question Words” are the words used for making the wh-questions. The

wh-questions require broader information in their answers. Typical wh- words
are what, where, when, why, who, whose, how, which
For example:
1. What are you doing?
I am cleaning my pig farm.
2. Where is your pig farm?
My pig farm is at Vientiane province
3. How far is it from Vientiane?
My pig farm is far from here about twenty-three kilometers
4. How often do you go to your pig farm?
I usually go to the farm twice a week
5. Why do you like to go the farm?
I like to go the farm because I like to clean and feed them
6. How can you clean and feed them?
I can clean them by spraying water and I feed them two times a
day.
7. Who do you go to the farm with every week?
I go to the farm with my father and brother
8. When will the pig be sold?
When they are fully grown for four months then they will be sold.
9. Where do you send them for sell?
I send them to the slaughterhouse and then send the meat to
the market
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6.2

How to use “What” ?
“What” is used to ask question about things and physical, typical

description of something.
For example:
1. What made you angry?
2. What do you need?
3. What colour is your house?
4. What kind of animal do you like?
5. What do you talk about?

6.3

How to use “Where”?
“Where” is used to ask question about place/location/point of something.
For example:
1. Where can I find a pen?
2. Where do you live in?
3. Where will you go?
4. Where is my pocket?
5. Where is your chicken farm?

6.4

How to use “When”?
“When” is used to ask question about time.
For example:
1. When were you born?
2. When do you go to school?
3. When do you finish your homework?
4. When will you graduate?
5. When will you apply for a job?

6.5

How to use “Why”?
You can use question word “Why” to ask question about the reasons
For example:
1. Why are you angry?
2. Why are you late to school?
3. Why do you to school?
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4. Why do you finish your homework?
5. Why will you looking for a job?

6.6

How to use “Who”?
“Who” is used to ask question about person.
For example:
1. Who do you work with?
2. Who do you play football with?
3. Who do you eat with?

6.7

How to use “Whose”?
“Whose” is used to ask question about possession
For example:
1. Whose book is it?
2. Whose pencil is it?
3. Whose computer is it?

6.8

How to use “How”?
We use question word “How” for asking questions about manner,
quantity, Length of time/frequency.
For example:
1. How can you play football?
2. How can you cook rice?
3. How can you make coffee?

6.9

How to use “Which”?
“Which” is used to ask question about the choices of something
For example:
1. Which musical instrument can you play?
2. Which book do you like?
3. Which pen do you like?
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6.10

Lists of the verbs
V1

V2

V3

Awake

Awoke

awoken

Be

was, were

been

beat

Beat

beaten

become

Became

become

begin

Began

begun

bend

Bent

bent

bet

Bet

bet

Bid

Bid

bid

bite

Bit

bitten

blow

Blew

blown

break

Broke

broken

bring

brought

brought

broadcast

broadcast

broadcast

build

Built

built

burn

burned or burnt

burned or burnt

buy

bought

bought

catch

caught

caught

choose

Chose

chosen

come

Came

come

cost

Cost

cost

cut

Cut

cut

dig

dug

dug

do

Did

done

draw

drew

drawn

dream

dreamed or dreamt

dreamed or dreamt

drive

drove

driven

drink

drank

drunk

eat

ate

eaten

fall

fell

fallen

feel

felt

felt

fight

fought

fought

find

found

found

fly

flew

flown
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V1

V2

V3

forget

forgot

forgotten

forgive

forgave

forgiven

freeze

froze

frozen

get

got

got (sometimes gotten)

give

gave

given

go

went

gone

grow

grew

grown

hang

hung

hung

have

had

had

hear

heard

heard

hide

hid

hidden

hit

Hit

hit

hold

held

held

hurt

hurt

hurt

keep

kept

kept

know

knew

known

lay

laid

laid

lead

led

led

learn

learned or learnt

learned or learnt

leave

left

left

lend

lent

lent

let

Let

let

lie

lay

lain

lose

lost

lost

make

made

made

mean

meant

meant

meet

met

met

pay

paid

paid

put

put

put

read

read

read

ride

rode

ridden

ring

rang

rung

rise

rose

risen

run

ran

run
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V1

V2

V3

say

said

said

see

saw

seen

sell

sold

sold

send

sent

sent

show

showed

showed or shown

shut

shut

shut

sing

sang

sung

sit

sat

sat

sleep

slept

slept

speak

spoke

spoken

spend

spent

spent

stand

stood

stood

swim

swam

swum

take

took

taken

teach

taught

taught

tear

tore

torn

tell

told

told

think

thought

thought

throw

threw

thrown

understand

understood

understood

wake

woke

woken

wear

wore

worn

win

won

won

write

wrote

written

29

Lesson 7 Past Simple Tense
Objective
 Students will be able to make “Past simple Tense”.
 Students will be able to use “Past simple Tense” to talk/write about
their activities.

Content
7.1

What is “Past Simple Tense”?
“Past Simple Tense” is the tense to use for talking/writing about the

events that happened in the past. The form of “Past Simple Tense” is
S+V2+OBJECTIVE
For example:
1. Where were you yesterday morning?
In yesterday morning, I was at home
2. What did you do at home?
I did my homework
3. Who did you do your homework with?
I did home work by myself
4. What did you do last night?
I watched TV last night.
5. What did you do last night?
I read my final report
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Tense forms of “Verb”
 Most verbs are regular verbs. It’s just adding -ed/-ied when are in
V2,V3 form.
 Some verbs are irregular verbs. It may change the form when they
are in V2,V3.
V1

V2

V3

awake

Awoke

awoken

Be

was, were

been

beat

Beat

beaten

become

Became

become

begin

Began

begun

Cut

Cut

cut

Dig

Dug

dug

Do

Did

done

draw

Drew

drawn

enjoy

Enjoyed

enjoyed

hope

Hoped

hoped

listen

listened

listened

study

studied

studied

start

Started

started

Win

Won

won

Write

Wrote

written
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Lesson 8 Adjectives
Objective
 Students will be able to use “Adjectives” to describe about their
appearances, attitudes and shapes.
 Students will be able to make sentences using adjectives.
 Students will be able to ask and answer the questions about
“Adjectives”.

Content
8.1

What is the “Adjective” ?
An adjective is a word describing, explaining, or telling something about

the noun. We can use the simple structure of
S + am, is, are + adjectives
“Adjectives” is used to describe about someone.
1.

I am fat.

2.

I am tall.

3. I am thin.
4. I am wise.
5. I am short.
6. I am beautiful.
7. I am happy.
8. I am handsome.
9. I am funny.
10. I am young.
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8.2

Vocabulary Checklist
Positive

Comparative

Superlative

Tall

Taller

The tallest

Small

Smaller

The smallest

Large

Larger

The largest

Slow

Slower

The slowest

Fast

Faster

The fastest

Old

Older

The oldest

Cheap

Cheaper

The cheapest

Long

Longer

The longest

Short

Shorter

The shortest

Safe

Safer

The safest

High

Higher

The highest

Big

Bigger

The biggest

Hot

Hotter

The hottest

Wet

Wetter

The wettest

Sad

Sadder

The saddest

Thin

Thinner

The thinnest

Pretty

Prettier

The prettiest

Easy

Easier

The easiest

Early

Earlier

The earliest

Healthy

Healthier

The healthiest

Friendly

Friendlier

The friendliest

Busy

Busier

The busiest

Sunny

Sunnier

The sunniest

Dirty

Dirtier

The dirtiest

Dry

Drier

The driest

Hungry

Hungrier

The hungriest

More

The most

Comfortable

comfortable

comfortable

Boring

More boring

The most boring

Interesting

More interesting

The most interesting
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Positive

Comparative

Superlative

Expensive

More expensive

The most expensive

Dangerous

More dangerous

The most dangerous

Popular

More popular

The most popular

Common

More common

The most common

Generous

More generous

The most generous

Difficult

More difficult

The most difficult

For example:
1. He is tall. I am taller than him. My sister is the tallest.
2. He am short. I am shorter than him. She is the shortest.
3. He is old. I am older than him. She is the oldest.

8.3

Using Question “Adjective”
Questions words “What, where, when, who, why, how” are the words

used at the beginning of the sentences to ask for specific information.
For example:
1. Why are you happy?
I am happy because I won the football games.
2. How difficult was the examination?
It was not so difficult.
3. Why is this book so expensive?
It is so expensive because it is the newest version.
4. Who is the oldest person in this room?
Mr Kham is the oldest in this room.
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Lesson 9 Prepositions
Objective
 Students will be able to use “Preposition” to talk about where and
when something is.
 Students will be able to make sentences using prepositions.
 Students will be able to ask and answer the questions about
“Preposition”.

Content
9.1

What is the “Preposition” ?
A preposition is a word used to link noun and noun, or phrases to other

words within a sentence. Prepositions are usually short words, and they are
normally placed directly in front of nouns.
1.

The table is on the floor.

2. He sits on the sofa.
3.

I live in Savannakhet.

4. We walk in library.
5. It is hot in summer.
6. I go to school at 7 o’clock.
7. Thongdy arrives at 10 o’clock.
8. I work at a farm.
9. I am afraid of the dogs.
10. I go to the market with my friends.
11. I play football after finish class.
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9.2

Preposition of time “in, at, on”
Subject + Verb

Preposition

"noun"

The pen is

on

the table.

He lives

In

England.

Henry is looking

for

you.

The newspaper is

under

your green book.

Pascal is used

To

English people.

She is not used

To

working.

We ate

before

coming.

Prepositions of Time / Place at, in, on


At for a PRECISE TIME



In for MONTHS, YEARS, CENTURIES and LONG PERIODS



On for DAYS and Dates

At

In

On

At 4:30 pm

in March

on Monday

At 3 o'clock

In Winter

On 6 March

At noon

In the summer

On 22 Dec.2012

At dinnertime

In 1990

On Christmas Day

At bedtime

In the next century

On your birthday

At the moment

In the future

On New Year's Eve

Using of the prepositions of time in and on in these common expressions:


In the morning /On Monday morning



In the mornings / On Sunday mornings



In the afternoon(s) / On Sunday afternoons



In the evening(s) / On Friday evenings

Place: at, in, on
In General:


At for a POINT (dog, money, love)



In for an ENCLOSED SPACE



On for a SURFACE
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At

In

On

At the bus stop

In London

On the wall

At the corner

In the garden

On the ceiling

At the entrance

In a box

On the floor

At the crossroads

In a building

On the carpet

At the top of the page

In a car

On a page

Some other common uses of at / on / in
At

In

On

At home

In a car

On a bus

At work

In a taxi

On a train

At school

In a helicopter

On a plane

At university

In an elevator

On a bicycle

At the top

In the sky

On the radio

At the bottom

In the street

On the left

At the side

In a row

On a horse

At reception

In a boat

On a boat

For example:
1. I was born in 1975.
2. I wake up in the morning.
3. I will go to Hawaii in this summer.
4. Chidta lived in Bolikhamxay in 1965.
5. I will drive to the city in the evening.
6. I was born on 15 April.
7. Somdy’s wedding party is in this Wednesday.
8. I work hard in the Christmas day.
9. I did not have breakfast on Monday morning.
10. I did not sleep well last Thursday night.
11. The school opens at 7 o’clock.
12. I cannot sleep at night.
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9.3

Using Question words with the “Prepositions”
Question words are “who, what, where, which, how, when, why”.
For example:
1. Who is on the floor?
Chidta is on the floor.
2. Where is the book?
It is on the table.
3. Where is the pen?
The pen is on the sofa.
4. When do you work in restaurant?
I work in restaurant at 5 o’clock.
5. Why do you work in therestaurant?
I work in the restaurant because I want to have money.
6. Which street do you live in?
I live in the street number 14.
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Lesson 10 Giving Directions
Objective
 Students will be able to give directions in English
 Students will be able to learn prepositions for locating the places.
 Students will be able to identify traffic sings

Content
10.1

Giving Directions
We give directions to persons who are new to the places since they do

not know how to go to somewhere. Moreover, we give examples of how to ask
for directions as well.
For example
1. Where is the hospital?
You go straight until you see the gas station and the hospital is
on the left.
2. Where is a roundabout?
You turn left then you will see a roundabout
3. Where is your house?
You turn right at the end of the road and my house is number 67.
4. Can you tell me? Where is post office?
Take the third road on the right and you will see the office on
the right
5. Excuse me, where is the school?
Take the second road on the left and you will see the school
straight ahead
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Asking and giving directions conversation
Conversation 1
Mr Somdy:

Excuse me, Mr Monkham Where is the bus station?

Mr Monekham: You go straight on and turn left then you walk along the King’s
road, and the bus station is opposite the Italian restaurant.
Mr Somdy:

Thanks

Conversation 2
Moudaphon:

Excuse me, Moukdaphon can you tell me where the hospital is?

Phannga:

You go straight on and turn right then you walk along the king’s
road and the hospital isat the corner on your left hand side.

Moudaphon:

Thanks

photo 1

10.2

Using the Questions
1.

Can you tell me how I can go to Kouangsi Waterfall?

2. Where is the bus station?
3. How can I get to the local market?
4. How do I get to the office?
5. What's the best way to get to your house?
6. Where is Phousi Market can you tell me please?
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photo 2
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Part. 
Lesson 11 Introduction to MAF Structure
Objectives
 Students will be able to learn the names of the organizations under
the Ministry of Agriculture and Forestry (MAF) and their
abbreviations.

DoOP

Ministry of Agriculture and Forestry ກະຊວງກະສິກາ ແລະ ປື່າໄມ ັ້
Permanent Secretary Office ຫັ້ອງການ ກະຊວງກະສິກາ ແລະ ປື່າໄມ ັ້
ັ້
Department of Organization and Personal ກົມຈັດຕັງແລະ
ພະນັກງານ

DF

Department of Forestry

MAF
PSO

PAFO
PFO

ກົມປື່າໄມ ັ້

Provincial Agriculture and Forestry Office ພະແນກກະສິກາ ແລະ ປື່າໄມ ັ້ແຂວງ
Provincial Forestry Section ຂະແໜງປື່າໄມ ັ້ແຂວງ

DAFO

District Agriculture and Forestry Office ຫັ້ອງການກະສິກາປື່າໄມ ັ້ເມອງ

OCES

ົ ລອງພດສວນ
Horticulture Experimental Station ສະຖານີທດ

DoLF

Department of Livestock and Fisheries ກົມລັ້ຽງສັດ ແລະການປະມົງ

FS

Fisheries Station ສະຖານີປະມົງ

FTNC

Forest Tree Nursery Centre ສູນເພາະຊາກ ັ້າເບັ້ຍໄມ ັ້

Nursery ສວນກ ັ້າເບັ້ຍໄມ ັ້
EW

Extension Worker ພະນັກງານສົື່ງເສີມ

DoIr

Department of Irrigation ກົມຊົນລະປະທານ
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Lesson 12 Vocabularies of Livestock and Fisheries
Objectives
 Students will learn various vocabularies in livestock and fisheries and
use the terminologies in the given situations below.

Contents
12.1

Raising Chicken
12.1.1

Planning a Chicken Coop
1)

Find out if it is legal to raise chickens on your land.
Many cities have ordinances against raising chickens in city

lines. Go tohttp://www.backyardchickens.com/atype/3/Laws to find out if there
are laws in your state or your locality. It is a good idea to search for town
ordinances and to check with your homeowner’s association. They may have
additional restrictions. Most cities have stricter laws about roosters than
chickens. If you want a rooster in order to grow chickens for meat, you may
have more trouble.
2)

Talk to your neighbors.
Chickens make a fair amount of noise. In order to quell their

fears, choose not to have roosters, if you have close neighbors. Although
chickens will still squawk, they will not crow like roosters. Consider offering your
neighbors free eggs every few weeks. They may be more amenable to the idea
if they reap some benefits
3)

Ensure you have enough time in your schedule to care for

chicks and chickens.
You will need to stay at home the first day the chicks arrive,
and clean and harvest eggs most days of the year.
4)

Set aside an area in your back yard for the chicken coop.
If you are raising the birds from chicks, you will have a little

bit of time to build it while they grow. If you are buying older hens, you will need
the coop immediately.
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12.1.2

Making a Chicken Brooder/Coop
1)

Buy a chicken coop before your chickens are 2 months old.
Search online for people who make chicken coops in your

area, and you may be able to pick up a newly made model to avoid shipping.
You can also get plan to build a coop online.


Look for a coop or design with lots of light, so your chickens will be



Choose a coop with a run, so that chickens can roam, but be

happy.
protected during the day.


You can buy a chicken coop from Amazon, Williams Sonoma, Petco

and numerous other outlets.


Find chicken coop plans

at http://www.backyardchickens.com/atype/2/Coops.


You can also buy a chicken tractor, which is a portable chicken run.
2) Prepare your brooder/coop before you bring chicks home.
Add bedding, feeders and a heat lamp.

12.1.3

Choosing Chickens
1)

Consider buying hens.
They are often available in the fall, after people have raised

too many chicks for their needs. However, it is hard to distinguish hens that are
near the end of their egg-laying years (over 2 years old) from those who are
young with many egg-laying years ahead of them, so vet your farm or seller
well.
2) Opt for buying chicks rather than hatching eggs the first year
you raise chickens.
Hatching eggs are available through purchase by mail order
and in stores. While they may be cheaper than chicks, they may not have the
sex determined and some eggs do not hatch.
3) Set up your brooder before you take the chick’s home.
A brooder is a heated nesting place that will keep chicks
warm. They cannot regulate their body temperature for the first few weeks of
life.
Find a thick cardboard or plastic box. It should be smaller
when the chicks are small, and then you should replace it incrementally as they
grow.
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Place the box in an area of your house that has a steady
temperature.
Pour 1 inch (2.5 cm) of pine shavings into the bottom of the
box.
Place a heat lamp on the side of the box. Use a
thermometer to keep the temperature at a steady 95 degrees Fahrenheit (35
degrees Celsius).
12.1.4

Purchase a chick water, chick feeder and chick starter feed from

your local feed store.
1)

Buy day-old chicks at the local feed store or online.
You can usually buy them between February and April.

Look for “pullets” because they are female.
A full grown chicken between 2 months and 2 years old will
lay approximately 5 eggs per week. In order to get a dozen per week, buy 3 to
4 chickens.
Make sure your coop size is large enough to accommodate
them. There should be 3 to 4 square feet (0.9 to 1.2 square meters) of space
per chicken inside the coop and 10 square feet (3 square meters) of space per
chicken outside the coop.
2) Purchase several types of egg-laying chickens.
A mixed group will provide varied sizes and colors. The
following are some breeds to consider:
Americana chickens, sometimes called “Easter Eggers” are
prized for their colored eggs.
Other popular breeds are Rhode Island reds, Cochin
chickens and Barred Rocks.
Breeds called Australorps, Orpingtons and Faverolles are
considered “winter layers” so it may be worth buying them in cold-weather
areas.
Breeds that are considered “fancy” will lay fewer eggs.
They are developed genetically for their looks rather than their egg-laying
abilities.
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12.1.5

Raising Chickens
1)

Move the heat lamp slightly farther away every week for 8

weeks.
Keep it at 95 degrees the first week and decrease by 5
degrees each week until you reach 65 degrees (18 degrees Celsius).
The week after you reach 65 degrees, you can take the
lamp away completely.
Keep a thermometer in the box so you can accurately judge
the temperature
2) Dip the chick’s beaks in water the first day you bring them
home.
They are possibly dehydrated and don’t know how to drink
yet. Keep an eye on water levels for the next few months to ensure they are
staying hydrated.
Thirsty/hot chicks will have their beak open and pant.
3) Buy chick feed for the first few months.
Chickens need food with a little sand in it, and baby chick
crumbles have already accounted for this. When you replace chickens in later
years, you can try mixing your own scraps with sand.
4) Move the chickens outdoors to their coop after 2 months.
If it is still very cold in your area, you might want to wait a
little longer.
5) Feed your chickens varied food to make deeper yolks.
They can eat store-bought chicken crumbles, food scraps,
insects from the lawn, night crawlers, grass and corn. Cracked corn is essential
in the winter to keep their body temperature up.
Free-range eggs have lower cholesterol and saturated fats
than store bought eggs. They also have higher omega-3 fatty acids.
6) Avoid letting your chickens roam free without supervision.
Although you may want them to have freedom, they will
become prey.
Let them out to run around when you are doing yard work
or playing in the lawn.
Keep them in the run until nightfall, and then close up the
coop.
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12.1.6

Gathering Eggs
1)

Place a fake egg in the nesting boxes of young hens.
Make sure it is not a real egg, or they can get into the habit

of eating eggs. They need to be shown where to lay their eggs.
In later years, having chickens of varying ages helps teach
new hens how to behave. Most sources suggest replacing 1/4 to 1/3 of the flock
each year.
2) Gather eggs each day to free up the nesting boxes.
3) Wipe the eggs with a soft cloth, which removes mess, but not
the anti-bacterial bloom on the egg.
Mother hens produce this coating to protect their eggs from
disease.
4) Store eggs at approximately 45 degrees Fahrenheit (7.2
degrees Celsius).
They should be stored in the refrigerator rather than at
room temperature. Warmer temperatures can promote bacterial growth.
5) Protect against salmonella.
The following habits will prevent backyard hens from
producing contaminated eggs.
Wash eggs that are covered with chicken feces. Roll them
around in a sanitizer with 1/2 oz. (14.8 ml) of chlorine to 1 gallon (3.8 l) of water.
Eat eggs quickly. Older eggs have a higher risk of
contamination as the egg white breaks down.
Place chicken manure in a composter for 45 to 60 days
before adding it to vegetable beds. Fresh chicken manure may contaminate
vegetables with salmonella.
Keep potentially contaminated eggs away from pregnant
women, young children or chronically ill people, who have a higher chance of
infection.


Protect against salmonella. The following habits will prevent backyard
hens from producing contaminated eggs.



Wash eggs that are covered with chicken feces. Roll them around in a
sanitizer with 1/2 oz. (14.8 ml) of chlorine to 1 gallon (3.8 l) of water.



Eat eggs quickly. Older eggs have a higher risk of contamination as the
egg white breaks down.
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Place chicken manure in a composter for 45 to 60 days before adding it
to vegetable beds. Fresh chicken manure may contaminate vegetables
with salmonella.



Keep potentially contaminated eggs away from pregnant women, young
children or chronically ill people, who have a higher chance of infection.

Photo 3
Source: http://www.wikihow.com/Raise-Chickens-for-Eggs

12.2

Raising fish
12.2.1

Choose a fish.
Decide which fish you’d like to breed and research its breeding

habits. Choose a species that’s for your level. Some good species for beginning
breeders are easy-to-care-for livebearers, such as guppies, platies
and swordtails.
12.2.2 Set up a breeding tank.
Get an appropriate size of breeder tank (this will depend on
your species and the information found during research), a sponge filter and
water from the parents’ tank.
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12.2.3 Condition the parent fish.
Choose healthy fish to breed, feed them a lot of live foods, keep
their water clean and do any other species-specific steps found during
research.
12.2.4 Breed and grow out the fry.
Some species breed at early morning light, others need to be
separated for a day or two with a tank divider, some need large water changes
or an increase in water temperature. For easy livebearers, you should be able
to just sit back and watch. Once baby fish are in the tank, feed the fry foods
small enough for them to eat. Some breeders culture infusoria or buy
commercially made baby fish foods. After a while, move the fry to a larger tank
so they can grow out without getting any diseases or having stunted growth
from an overcrowded tank.
12.2.5 Find homes for the fry.
Some stores take donations of fry, but often are overrun with
easy livebearing species, so make sure to find homes for the baby fish before
trying a breeding project. If stores won’t take the fry, give them to friends or
auction them at a local fish club. Some hobbyists also let other fish in the
community tank eat them.

Photo 4
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Lesson 13 Vocabularies of Agronomy
Objectives
 Students will learn various vocabularies in Agronomy and use the
terminologies in the given situations below.

Contents
13.1

The meaning of Agronomy
Agronomy is the science of farming, including the study of soil, plants,

and animals, and ways to improve the production of food on farms

13.2

Steps to growing vegetables with conservation agriculture and
drip irrigation

Photo 5
Source: Manuel Reyes, professor, North Carolina A&T State University
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As told by Manuel Reyes, professor in Biological Engineering at North
Carolina Agricultural & Technical State University:
 Manually till and weed a small plot of land (no more than 200 square
meters).
 Make vegetable beds.
 Find a source of mulch for your site. Mulch should not contain seeds
and not grow vegetatively.
 Cut mulch and let it dry.
 Install drip irrigation on the site.
 Put dried mulch on the entire area including the furrows between the
vegetable beds. Mulch should be at least 2.5 inches thick.
 With your hands, push mulch and expose soil (about 2 inches in
diameter). Dig a hole and put vegetable seed or vegetable transplant in
the hole. Depending on the type of mulch you use, you will likely need to
add nitrogen fertilizer at this point.
 After planting is complete, turn on drip irrigation. Check that water drips
from each emitter.
 After a few days, inspect for weeds and make sure to weed by hand
immediately, including in furrows.
 Keep manually weeding on a regular basis.
 Inspect mulch. When parts of the mulch degrade, add new mulch to
keep the area well covered.
 Make plans for planting the next (different) vegetable crop before the
current vegetable crop is harvested.
 If possible, plant the next vegetable crop between the current crop. Do
not till. Do not remove drip tape. No need to rebuild vegetable beds. If
properly mulched, the vegetable beds should still be intact and weeds
should be under control.
 Repeat the process of weeding, inspecting mulch, and replanting a new
crop before harvest.
Our research in Cambodia (and in North Carolina too) so far has shown
no decrease in yields for vegetable crops using conservation agriculture and
drip irrigation. So far, the big advantage in using these practices has been
reduced menial labor in manual irrigation, land preparation and weeding.
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Conservation agriculture practices have the potential to increase
vegetable yields and soil health as well, after repeated use. In grain production,
the use of conservation agriculture practices usually decreases yield for two to
three years, followed by an increase in yields. Our vegetable field trials are
ongoing.
Photo at top: Leafy vegetables grow in a Cambodian field with
conservation agriculture practices and drip irrigation beneath the mulch.
(Horticulture Innovation Lab photo by Ren Ry)

Photo 6
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13.3

Wordlists

Affect,

Earth

Impact,

Plants,

Study,

Agriculture,

science,

Influences,

Plowing,

Substances,

Aid

Ecology,

Insects,

Pollution,

Sustainable,

Biology,

Economics,

Intense,

Potassium,

Systems

Biotechnology, Effect,

Interest,

Pricing,

Technology,

Branch,

Energy,

Involvement,

Production,

Toxicology,

Breeding

Environment, Irrigation,

Profitable,

Training,

Chemistry,

Equipment,

Issues

Protein

Triticale,

Classification,

Erosion

Lab,

Quality,

Urban

Combination,

Farming,

Livestock,

Quantity,

Varieties,

Contour

Fertility,

Management,

Query,

Vegetables,

plowing,

Fertilizer,

Meteorology,

Quest

Vital

Control,

Fiber,

Management,

Range,

Waste,

Corn,

Field-crop,

Meteorology,

Reclamation,

Water,

Crop,

Focus,

Methods

Research,

Ways,

Crop grading,

Food,

Need,

Roots,

Weeds,

Crossbreeding Fuel

Nitrogen,

Rotation,

Wheat,

Deficiencies,

Genetics,

Nutrients,

Rural,

Wind,

Degrees,

Growth,

Oilseed,

Rye

Yields,

Development,

Healthy,

Organic

Schooling,

Zone

Diseases,

History,

Permaculture, Science,

Disorders,

Horticulture,

Phosphorous,

Seeds,

Divisions,

Husbandry

Physiology,

Soil,

Drainage

Identification, Plants,

Soybean,
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Lesson 14 Vocabularies of Forestry
Objectives
 Students will learn various vocabularies in Forestry and use the
terminologies in the given situations below.

Contents
14.1

The meaning of Forestry
Forestry is the science of planting and taking care of large areas of trees.

Should I Become a Forester?
Foresters manage and monitor wooded areas for public agencies or
private companies. Their duties include conservation of forests for commercial
and recreational uses as well as assessment and restoration of forests
damaged by wildfire, insects, or logging. They conduct inventories of forest
resources and manage harvesting, reclamation, and planting to maintain the
forest. They also monitor compliance with government regulations and fire
management requirements.
Most foresters work outdoors as well as in an office; however, their
outside work subjects them to all sorts of weather, as well as hazards like insect
bites, wild animals, and physical exertion. They must also be physically fit, since
their job can involve strenuous hikes. Foresters usually work regular business
hours unless they are called upon to respond to a forest fire or other outdoor
emergency. Foresters generally need a bachelor's degree in forestry, and some
states require licensure.
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Photo 7
Source:http://study.com/articles/Become_a_Forester_Education_and_Career_Roadma
p.html

14.2

Wordlists
Acre: An area of land measuring 43,560 square feet. A square 1-acre

plot measures 209 feet by 209 feet; a circular acre has a radius of 117.75 feet.
Amphibian: Any of a class of vertebrates that regulate their body
temperature externally; lay shell-less eggs in wet areas; live in water during
early development and live both in water and on land as adults; and use lungs,
gills and their skin for breathing. Most have four legs and smooth, moist skin
without scales.
Angiosperm: A plant that has true flowers and bears its seeds in fruits.
In temperate zones, many angiosperms are deciduous trees, while in tropical
zones, many are evergreen trees. Examples include oaks, willows, maples and
birches.
Annual Ring: The combination of one early wood layer (light colored)
and one latewood layer (dark colored) seen in a cross-section of a tree. One
annual ring usually represents one year of growth.
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Artificial Regeneration: The growth of new trees through seeding and
planting.
Bark: The tough exterior covering of a woody root or stem that protects
the tree from injury caused by insects and other animals, by other plants, by
disease and by fire.
Best Management Practices: Procedures employed during harvesting
and/or timber stand improvement activities that reduce erosion and prevent or
control water pollution.
Biltmore Stick: A stick similar to a yardstick in appearance, but usually
about 25 inches long. One side is scaled to read a tree’s diameter by holding
the stick horizontally at arm’s length and against the tree at breast height. A
Merritt hypsometer runs along one edge of the stick and is scaled to read a
tree’s height from 66 feet away from the tree’s base. These two measurements
are then used to find the tree’s volume according to the volume table printed on
one face of the stick.
Biodiversity: The variety of life forms in a given area; can be categorized
in terms of number of species, variety of plant and animal communities, genetic
variability or some combination of these categories.
Bird: Any of a class of vertebrates that regulate their body temperature
internally, have bodies that are covered almost entirely with feathers and have
forelimbs modified as wings that enable most to fly.
Board Foot: A unit of measure equal to a board that is 1 inch thick, 12
inches long and 12 inches wide, or 144 cubic inches.
Bole: The main trunk of a tree.
Broadleaf: A class of trees that have broad, flat leaves of many different
shapes; most are deciduous; also called hardwood because most broad-leaved
trees have harder wood than do conifers. Examples include oak, hickory, maple
and ash.
Buffer Strip: A narrow zone or strip of land, trees or vegetation
bordering an area. Common examples include visual buffers, which screen the
view along roads, and streamside buffers, which are used to protect water
quality. Buffers may also be used to prevent the spread of forest pests.
Cambium: A thin layer of specialized cells within a tree’s trunk that
divide to produce new inner bark cells to the outside and new sapwood cells to

56

the inside. The narrow band of cells that is responsible for the tree’s growth in
circumference.
Canopy: The “roof” of the forest formed by the crowns of the tallest
trees.
Carrying Capacity: The maximum number of healthy wildlife that a given
habitat or area can support without degradation of the habitat.
Cellulose: The scientific name for wood fiber.
Chain: A distance of 66 feet.
Clear cut : A harvesting and regeneration method that removes all trees
within a given area. Most commonly used in pine and hardwood forests that
require full sunlight to regenerate and grow efficiently.
Clinometer: An instrument that is held at eye level to read stump height
and merchantable or total height when standing 50 and 66 feet from the base of
the tree. The difference between the two readings yields the height.
Competition: The struggle between trees to obtain sunlight, nutrients,
water and growing space. Every part of the tree, from the roots to the crown,
competes for space and food.
Conifer: A class of trees that are evergreen, have needle or scale like
foliage and cone like fruit; often called softwood. Examples include pine,
hemlock, cedar and cypress.
Conservation: Planned management and wise use of natural resources
for present and future generations.
Cord: A standard unit of measure equivalent to 128 cubic feet of round
or split wood. A standard cord measures 4 feet by 4 feet by 8 feet. A face cord
or short cord is 4 feet by 8 feet by any length of wood under 4 feet.
Cover: Any plant that intercepts rain drops before they reach the soil or
that holds soil in place; a hiding place or vegetative shelter for wildlife from
predators or inclement weather.
Crown: The branches and foliage at the top of a tree.
Cruise: A survey or inventory of forestland to locate timber and estimate
its quantity by species, products, size, quality or other characteristics.
Deciduous: A group of trees that lose all of their leaves every year.
Decomposition: The process by which organic material such as leaves
and branches are broken down by bacteria, fungi, protozoans and the many
different kinds of animals that live in the soil.
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Dendrology: The study of trees; tree identification.
Diameter at Breast Height (DBH): Tree diameter measured at 4.5 feet
above ground level.
Diameter Tape: A steel measuring tape that has a scale calibrated to
read a tree’s diameter when wrapped around the tree’s circumference.
Early wood: Wood cells produced at the beginning of a tree’s growing
season that are generally light in color. Also called springwood.
Ecology: The science or study of the relationships between organisms
and their environment.
Ecological Succession: The gradual change of plant and animal
communities over time.
Ecosystem: A loosely defined area consisting of numerous habitat
Edge: The transition between two different types or ages of vegetation.
Endangered Species: Any species that has been classified by the U.S.
Fish and Wildlife Service or a state wildlife agency as being in danger of
extinction throughout all or a significant portion of its range. A species is
endangered when the total number of remaining members may not be sufficient
to reproduce enough offspring to ensure survival of the species.
Environment: The sum of all external living and non-living conditions and
influences that affect the development and survival of an organism.
Erosion: The wearing away or removal of land or soil by the action of
wind, water, ice or gravity.
Even-Aged Management: A forest management method used to
produce stands that are all the same age or nearly the same age by harvesting
all trees in an area at one time or in several cuttings over a short time. This
management method is commonly applied to shade-intolerant conifers and
hardwoods.
Evergreen: A group of trees that do not lose all of their leaves every
year but go through a gradual replacement by dropping only their oldest leaves
each year. Instead of being bare in winter, these trees have leaves all year.
Foliage: The leaves of a tree or other plant.
Forage: Vegetation such as leaves, stems, buds and some types of
bark, that can be eaten for food and energy.
Forb: Any herb other than grass.
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Forest Floor: The lowest level of the forest that is made up of tree
seedlings, dead leaves and needles, grasses, ferns, flowers, fungi, and
decaying plants and logs.
Forest Management: Caring for a forest so that it stays healthy and
vigorous and provides the products and values the landowner desires.
Forest Stewardship Plan: A written document listing activities that
enhance or improve forest resources (wildlife, timber, soil, water, recreation and
aesthetics) on private land over a five-year period.
Forest Type: A designation or name given to a forest based on the most
abundant tree type or types in the stand; groups of tree species commonly
growing in the same stand because their environmental requirements are
similar. Examples of North Carolina forest types include (a) pine; (b) mixed
hardwood; (c) cypress, tupelo and black gum; and (d) oak and hickory.
Forestry: The art and science of managing forests to produce various
products and benefits including timber, wildlife habitat, clean water, biodiversity
and recreation.
Fuel Loading: A buildup of easily ignited leaves, pine straw, branches
and trees on the forest floor.
Group Selection: (a) The removal of small groups of trees to regenerate
shade-intolerant

trees

in

the

opening

(usually

at

least

1/4

acre);

(b) a specific type of selective cutting.
Gymnosperm: A plant whose seeds are not enclosed in flowers. Most
gymnosperms produce their seeds on the surface of the scales of female cones
and are pollinated by wind. Conifers are the most common type of gymnosperm.
Habitat: An area in which a specific plant or animal naturally lives, grows
and reproduces; the area that provides a plant or animal with adequate food,
water, shelter and living space.
Hardwoods: Trees with broad, flat leaves as opposed to coniferous or
needled trees. Wood hardness varies among the hardwood species, and some
are actually softer than some softwoods.
Heartwood: The central core of a tree, which is made up of dense, dead
wood and provides strength to the tree.
High-Grading: A harvesting technique that removes only the biggest and
most valuable trees from a stand and provides high returns at the expense of
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future growth potential. Poor quality, shade-loving trees tend to dominate in
continually high-graded sites.
Hypsometer: Any device used for measuring tree height.
Increment Borer:
A hollow auger-like tool with a screw bit used to remove core samples
from trees.
Latewood: Wood cells produced at the end of the growing season that
make up the darker section of an annual ring. Also called summerwood.
Limiting Factor: Any requirement for wildlife survival that is in limited
supply.
Mammal: Any of a class of higher vertebrates whose bodies are
covered with hair, who give birth to live young, nourish their young with milk
from mammary glands, regulate their body temperature internally, have four
types of well-developed teeth and typically have four well-developed legs with
toes that have nails, claws or hoofs.
Mast: Fruits or nuts used as a food source by wildlife. Soft mast
includes most fruits with fleshy coverings, such as persimmon, dogwood seed or
black gum seed. Hard mast refers to nuts such as acorns and beech, pecan
and hickory nuts.
Merritt Hypsometer: A scale that measures the number of 16-foot logs in
a tree.
Multiple-Use Management: The management of land or forest for more
than one purpose, such as wood production, water quality, wildlife, recreation,
aesthetics and clean air.
Natural Regeneration: The growth of new trees in one of the following
ways without human assistance: (a) from seeds carried by wind or animals, (b)
from seeds stored on the forest floor, or (c) from stumps that sprout.
Naval Stores: Products such as turpentine, pitch and rosin that come
from pine trees and are used in the construction and maintenance of wooden
sailing vessels.
Phloem: The part of a tree that carries sap from the leaves to the rest of
the tree. Also called inner bark.
Photosynthesis: The process by which a plant or tree combines water
and carbon dioxide with energy from the sun to make glucose and oxygen.
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Plant Succession: The progression of plants from bare ground to mature
forest.
Prescribed Burning: The practice of using regulated fires to reduce or
eliminate material on the forest floor, for seedbed preparation or to control
competing vegetation. Prescribed burning simulates one of the most common
natural disturbances. Also called controlled burning.
Pulpwood: Wood used in the manufacture of paper, fiberboard or other
wood fiber products. Pulpwood-sized trees are usually a minimum of 4 inches in
diameter.
Reforestation: Reestablishing a forest by planting or seeding an area
from which forest vegetation has been removed.
Release: To free a tree from competition with its immediate neighbors
by removing the surrounding trees. This occurs naturally and artificially.
Renewable Resource: A naturally occurring raw material or form of
energy that has the capacity to replenish itself through ecological cycles and
sound management practices.
Reptile: Any of a class of vertebrates that regulates its body
temperature externally, has dry, glandless skin covered with scales, breathes
through lungs and lays large eggs that develop on land.
Resin: A group of sticky liquid substances secreted by plants that
appear on the plant’s external surface after a wound.
Roots: The underground portion of a tree that helps anchor the tree in
the ground and absorbs water and nutrients from the soil.
Rotation: The number of years required to establish and grow trees to a
specified size, product or condition of maturity. A pine rotation may range from
as short as 20 years for pulpwood to more than 60 years for sawtimber.
Salvage Cut: The harvesting of dead or damaged trees, or the
harvesting of trees in danger of being killed by insects, disease, flooding or
other factors in order to save their economic value.
Sawtimber: Wood of large enough size to be used to produce lumber for
construction and furniture.
Sedimentation: The deposition or settling of soil particles suspended in
water.
Seed Tree Cut: A harvesting method in which a few scattered trees are
left in the area to provide seeds for a new forest stand. Selection of seed trees
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is based on growth rate, form, seeding ability, wind firmness and future
marketability. This harvesting method produces an even-aged forest.
Selective Cutting: The periodic removal of individual trees or groups of
trees to improve or regenerate a stand.
Shade-Intolerant Species: Trees that require full sunlight to thrive and
cannot grow in the shade of larger trees.
Shade-Tolerant Species: Trees that have the ability to grow in the shade
of other trees and in competition with them.
Shelterwood Cut: Removing trees in the harvest area in a series of two
or more cuttings so that new seedlings can grow from the seeds of older trees.
This method produces an even-aged forest.
Silviculture: The art, science and practice of establishing, tending and
reproducing forest stands of desired characteristics. It is based on knowledge of
species’ characteristics and environmental requirements.
Site Index: A relative measure of forest site quality based on the height
(in feet) of the dominant trees at a specific age (usually 25 or 50 years,
depending on rotation length). Site index information helps estimate future
returns and land productivity for timber and wildlife.
Snag: A standing dead or dying tree.
Softwood: A tree belonging to the order Coniferales. Softwood trees are
usually evergreen, bear cones and have needles or scalelike leaves. Examples
include pines, spruces, firs and cedars. See conifer.
Species: A group of related organisms having common characteristics and
capable of interbreeding. Loblolly and Virginia pine are common tree species
that can interbreed.
Springwood: See earlywood.
Stand: A group of trees that are sufficiently the same in species
composition and arrangement of age classes and condition so that they can be
managed as a unit.
Streamside Management Zone (SMZ): An area adjacent to a stream in
which vegetation is maintained or managed to protect water quality.
Summerwood: See latewood.
Suppression: The process by which a tree loses its vigor due to
inadequate light, water and nutrients.
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Thinning: A tree removal practice that reduces tree density and
competition between trees in a stand. Thinning concentrates growth on fewer,
high-quality trees, provides periodic income and generally enhances tree vigor.
Heavy thinning can benefit wildlife through the increased growth of ground
vegetation.
Threatened Species: Any species that has been classified by the U.S.
Fish and Wildlife Service or a state wildlife agency as likely to become
endangered within the foreseeable future throughout all or a significant portion
of its range. A threatened species has declining or dangerously low populations
but still has enough members to maintain or increase numbers.
Transpiration: The loss of water through leaves.
Tree Caliper: A metal or wooden device consisting of an arm and two
prongs, one of which is free to slide along a graduated scale on the arm. The
prongs are placed against opposite sides of a tree to read its diameter on the
scale.
Turpentine: A distilled chemical produced from tapping into a living pine
and harvesting the sap.
Understory: The area below the forest canopy that comprises shrubs,
snags and small tree. Because the understory receives little light, many of the
plants at this level tolerate shade and will remain part of the understory. Others
will grow and replace older trees that fall.
Wildlife: A broad term that includes non - domesticated vertebrates,
especially mammals, birds and fish.
Wood: The solid interior of a tree.
Wood Chemicals: Chemicals that are found naturally in the various parts
of a tree.
Xylem: The part of a tree that transports water and nutrients up from the
roots to the leaves. Older xylem cells become part of the heartwood. Also called
sapwood.
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Lesson 15 Vocabularies of Irrigation
Objective
 Students will be able to use Vocabularies of Irrigationto talk/write
about their activities.
 Students will be able to apply them for their work.

Content
15.1

What is Irrigation?
Irrigation is an irrigated system to apply water for agriculture area,

storage conservation, drainage, flooding control, hydro-electric power, water
transportation, and reclamation soil.

15.2

How is Irrigation importance?
Irrigation is a very importance work and it is the foundation for the

agriculture sector. Most irrigation construction projects are technically
constructed for quality insurance; utilization span and quantity of supplying
water for agricultural productions. The irrigation water is supplied by canal to
the rice fields, fish ponds and other horticulture garden. However, quantity of
the water in an irrigation system must be sufficiently provided for the demandsof
crop growing until harvest season as the irrigation can help increase the yield.

15.3

What is the irrigation system like?
The irrigation system consists of two types as the pumping and the

dam/weir/spillway systems. The pumping system is used for levelling up the
water flow from the high areaand the dam/weir/spillway system is used for
levelling up the water flow too. Both systems have different usage of the
headwork systems.The pumping system must use electricity for operation, so
that the water can flow smoothly, but the system of dam/weir/spillway does not
use electricity, but the water can naturally flow by itself from high to low level.
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15.4

What is the Irrigation construction like?
The Irrigation Construction Project consists of processions of main

operation as step of survey work (control surveying, land- property, topographic,
mine, hydro graphic). The design process includes the construction cost
calculation (headwork, canals, gateways, diversion, turn out, spillway, check
drop, drainage…).The construction work includes (checking of technical method,
construct materials, checking of construct survey). The irrigation system
includes the maintenance after the transfer of the projects (farmers’group
arrangement, the rules of group, technical control of irrigation system operation).
Those mentioned work require the efficiency of designing to ensure the project
lasts longer.

15.5

What should we do in the steps of topographic survey?
 First, the team of surveyor have to survey looking around for
collection data of natural condition
 - The team of survey should have three-four people
 - The surveyors must prepare equipment, map and other document
 - The total station (theodolite) can measure value of distance and
angle in the vertical and horizontal ways.


15.6

Wordlist
A
abandoned water right: a water right which was not put to beneficial use

for a number of years, generally five to seven years.
abandoned well: a well which is no longer used. In many places,
abandoned wells must be filled with cement or concrete grout to prevent
pollution of ground water bodies.
Absorption: the uptake of water, other fluids, or dissolved chemicals by
a cell or an organism (as tree roots absorb dissolved nutrients in soil).
Accretion: a gradual increase in land area adjacent to a river.
acid rain: the acidic rainfall which results when rain combines with sulfur
oxides emissions from combustion of fossil fuels.
Acidic: the condition of water or soil that contains a sufficient amount of
acid substances to lower the pH below 7.0.
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acre-foot: the amount of water required to cover one acre to a depth of
one foot. An acre-foot equals 325,851 gallons, or 43,560 cubic feet. A flow of 1
cubic feet per second produces 1.98 acre-feet per day.
activated carbon adsorption: the process of pollutants moving out of
water and attaching on to activated carbon.
Adhesion: the molecular attraction asserted between the surfaces of
bodies in contact. Compare cohesion.
Adjudication: a court proceeding to determine all rights to the use of
water on a particular stream system or ground water basin.
abandoned well a well which is no longer used. In many places,
abandoned wells must be filled with cement or concrete grout to prevent
pollution of ground water bodies.
administrative order
a legal document signed by U.S. EPA directing an individual, business,
or other entity to take corrective action or refrain from an activity. It describes
the violations and actions to be taken, and can be enforced in court. Such
orders may be issued, for example, as a result of an administrative complaint
ordering the respondent to pay a penalty for violations of the Clean Water Act.
administrative order on consent
a legal agreement signed by U.S. EPA and an individual, business, or
other entity through which the violator agrees to pay for correction of Clean
Water Act violations, take the required corrective or cleanup actions, or refrain
from an activity. It describes the actions to be taken, may be subject to a
comment period, applies to civil actions, and can be enforced in court.
Adsorption: the adhesion of a substance to the surface of a solid or
liquid. Adsorption is often used to extract pollutants by causing them to be
attached to such adsorbents as activated carbon or silica gel. Hydrophobic, or
water-repulsing adsorbents, are used to extract oil from waterways in oil spills.
advanced wastewater treatment any treatment of sewage that goes beyond the
secondary or biological water treatment stage and includes the removal of
nutrients such as phosphorus and nitrogen and a high percentage of suspended
solids.
aerated lagoon: a holding and/or treatment pond that speeds up the
natural process of biological decomposition of organic waste by stimulating the
growth and activity of bacteria that degrade organic waste.
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Aeration: the mixing or turbulent exposure of water to air and oxygen to
dissipate volatile contaminants and other pollutants into the air.
aeration tank: a chamber used to inject air into water.
aerobic treatment: process by which microbes decompose complex
organic compounds in the presence of oxygen and use the liberated energy for
reproduction and growth. Such processes include extended aeration, trickling
filtration, and rotating biological contactors.
Aerobic: life or processes that require, or are not destroyed by, the
presence of oxygen.
Affusion: pouring on; as of baptismal water.
Aggradation: a progressive build up of a channel bed with sediment over
several years due to a normal sequence of scour and deposition, as
distinguished from the rise and fall of the channel bed during a single flood.
aggressive water: water which is soft and acidic and can corrode
plumbing, piping, and appliances.
Alfet: cauldron of boiling water used during trials by ordeal.
Algae: simple rootless plants that grow in sunlit waters in proportion to
the amount of available nutrients. They can affect water quality adversely by
lowering the dissolved oxygen in the water. They are food for fish and small
aquatic animals.
algal bloom: a phenomenon whereby excessive nutrients within a river,
stream or lake cause an explosion of plant life which results in the depletion of
the oxygen in the water needed by fish and other aquatic life. Algae bloom is
usually the result of urban runoff (of lawn fertilizers, etc.). The potential tragedy
is that of a "fish kill," where the stream life dies in one mass extinction.
Algicide: substance or chemical used specifically to kill or control algae.
Alkaline: the condition of water or soil that contains a sufficient amount
of alkali substance to raise the pH above 7.0.
Alkalinity: the measurement of constituents in a water supply which
determine alkaline conditions. The alkalinity of water is a measure of its capacity
to neutralize acids. See pH.
allogenic recharge: recharge that occurs in a sinking stream, entering an
aquifer through sinkholes or fault planes. Contrast autogenic recharge.
Alluvial: relating to, composed of, or found in alluvium.
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Alluvium: sediments deposited by erosional processes, usually by
streams.
Alluvion: effect of water impacting on shoreline.
Alvusion: a sudden or perceptible change in a river's margin, such as a
change in course or loss of banks due to flooding.
ambient background concentration: a representative concentration of the
water quality in a receiving water body, determined from monitoring. The
statistic or data used to determine the value from the range of data is
dependent on the purpose of the monitoring and the application of the data.
ambient medium: material surrounding or contacting an organism (e.g.,
outdoor air, indoor air, water, or soil through which chemicals or pollutants can
reach the organism.
amprometric titration: a way of measuring concentrations of certain
substances in water using the electric current that flows during a chemical
reaction.
Anabranch: a secondary channel of a stream which leaves and then
rejoins the main channel. The two channels are separated by stable, vegetated
lands.
Anacamptic: reflecting or reflected light; sound or water.
Anaerobic: a life or process that occurs in, or is not destroyed by, the
absence of oxygen.
Anhydrous: without water.
Anhydrobiosis: life without water.
anistropic aquifer: an aquifer in which permeability varies with direction
of flow. The Edwards is a highly anistropic aquifer. Modeling flow in such
aquifers is very problematic.
annular space: the space between two concentric cylindrical objects,
one of which surrounds the other, such as the space between the walls of a
drilled hole and a casing.
anti-degradation clause: part of federal and water quality requirements
prohibiting deterioration where pollution levels are above the legal limit.
Antigropelos: waterproof leggings.
appropriative rights: "first in time, first in right” principle of allocating
water rights based. Usually involves a user being allowed to take water from a
particular source without regard to the contiguity of the land to the source.
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Aquaphobia: fear of water.
Aquarelle: watercolour painting.
Aquatic: growing in, living in, or frequenting water.
aquatic life use: a beneficial use designation in which the water body
provides suitable habitat for survival and reproduction of desirable fish, shellfish,
and other aquatic organisms.
Aquiclude: a formation which, although porous and capable of absorbing
water slowly, will not transmit water fast enough to furnish an appreciable
supply for a well or a spring.
Aqueous: something made up of water.
aqueous solubility: the maximum concentration of a chemical that will
dissolve in pure water at a reference temperature.
Aquiculture: the raising or fattening of fish in enclosed ponds. Compare
mariculture.
Aquifer: a geologic formation that will yield water to a well in sufficient
quantities to make the production of water from this formation feasible for
beneficial use; permeable layers of underground rock or sand that hold or
transmit groundwater below the water table.
Aquitard: geological formation that may contain groundwater but is not
capable of transmitting significant quantities of it under normal hydraulic
gradients. May function as confining bed.
Armouring: the formation of an erosion-resistant layer of relatively large
particles on a streambed or bank resulting from removal of finer particles by
erosion.
artesian aquifer: a geologic formation in which water is under sufficient
hydrostatic pressure to rise above the top of the aquifer in the subsurface.
Artesian aquifers are confined aquifers. Also see unconfined aquifer.
artesian well: a water well drilled into a confined aquifer where enough
hydraulic pressure exists for water rise in the well to a height above the top of
the aquifer in the subsurface. Also see flowing artesian well.
artesian zone: a zone where water is confined in an aquifer under
pressure so that the water will rise in the well casing or drilled hole above the
bottom of the confining layer overlying the aquifer.
Aspergillum: vessel for sprinkling holy water.
Aspersory: vessel for holding holy water.
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Assay: a test for a specific chemical, microbe, or effect.
Assemblage: an organism group of interacting species in a given
ecosystem, for example, a fish assemblage or a benthic macroinvertebrate
assemblage.
Assimilation: the ability of a water body to purify itself of pollutants.
assimilative capacity: the capacity of a natural body of water to receive
and dilute wastewaters or toxic materials without damage to aquatic life or
humans who consume the water.
Attenuation: the process whereby the magnitude of a flood event is
reduced by slowing, modifying, or diverting the flow of water.
autogenic recharge: recharge that occurs by falling directly on an
aquifer's outcrop at the surface. Contrast allogenic recharge.
average annual recharge: amount of water entering the aquifer on an
average annual basis. Averages mean very little for the Edwards because the
climate of the region and structure of the aquifer produce a situation in which
the area is usually water rich or water poor.
B
background level: the concentration of a substance in an environmental
media (water or soil) that occurs naturally or is not the result of human activities.
Backpressure: a pressure that can cause water to backflow into the
water supply when a user's wastewater system is at a higher pressure than the
public system.
Backsiphonage: reverse seepage of water in a distribution system.
Backwashing: reversing the flow of water through a home treatment
device filter or membrane to clean and remove deposits.
Bank: the sloping land bordering a stream channel that forms the usual
boundaries of a channel. The bank has a steeper slope than the bottom of the
channel and is usually steeper than the land surrounding the channel. Right and
left banks are named facing downstream.
bank-full capacity: the rate of water flow that completely fills a channel;
the flow rate at which the water surface is level with the flood plain.
bank stability: occurs when the channel bank configuration does not
change significantly over time.
bar screen: in wastewater treatment, a device used to remove large
solids from the incoming wastewater stream.
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Barrage: any artificial obstruction placed in water to increase water level
or divert it. Usually the idea is to control peak flow for later release.
base flows: the component of a flow regime that represents normal flow
conditions between precipitation events. Base flows provide a range of suitable
habitat conditions that support the natural biological community of a specific
river sub-basin.
Bathymetric: related to the measurement of water depth within a water
body.
Bathyorographical: of, like, or pertaining to depth underwater or
elevation above sea level.
Bathythermograph: instrument for recording water temperature as
compared to depth.
bed forms: three-dimensional configurations of bed material, which are
formed in streambeds by the action of flowing water.
bed load: the particles in a stream channel that mainly move by
bouncing, sliding, or rolling on or near the bottom of the stream.
bed stability: occurs when the average elevation of the streambed does
not change significantly over time. Aggradation and degradation are the two
forms of bed instability.
beneficial use: the amount of water necessary when reasonable
intelligence and diligence are used for a stated purpose; Texas law recognizes
the following uses as beneficial: (1) domestic and municipal uses, (2) industrial
uses, (3) irrigation, (4) mining, (5) hydroelectric power, (6) navigation, (7)
recreation, (8) stock raising, (9) public parks, and (10) game preserves.
benthic: pertaining to the bottom of a body of water, on or within the
bottom substrate material.
Best Management Practice (BMP): methods or measures designed and
selected to reduce or eliminate the discharge of pollutants from point and
nonpoint source discharges. As used in the stormwater context, BMPs are a
schedule of activities, prohibitions of practices, maintains procedures and other
management practices to prevent or reduce the pollution of waters of the state.
BMPs include treatment requirements, operating procedures and practices to
control plant site runoff, spills or leaks, sludge or waste disposal, or drainage
from raw material storage.
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bioaccumulation: uptake and retention of substances by an organism
from its surrounding medium (usually water) and from food.
bioassay: a test to determine the relative strength of a substance by
comparing its effect on a test organism with that of a standard preparation.
bioassessment: monitoring the aquatic environment to determine the
health of a stream.
biodiversity: the variety of plant, animal, and microorganism species
present in the ecosystem and the community structures the form.
biogeochemical cycling: the flow of chemical substances to and from the
major environmental reservoirs (atmosphere, hydrosphere, lithosphere, and
biosphere).
biological integrity: the ability to support and maintain balanced,
integrated functionality in the natural habitat of a given region. The concept is
applied primarily in drinking water management.
biological oxidation: decomposition of complex organic materials by
microorganisms. Occurs in self-purification of water bodies and in activated
sludge wastewater treatment.
biomonitoring: a test used to evaluate the relative potency of a chemical
by comparing its effect on a living organism with the effect of a standard
population on the same type of organism.
bioremediation: a process that uses living organisms to remove
pollutants.
biosolids: a nutrient-rich organic material resulting from the treatment of
wastewater. Biosolids contain nitrogen and phosphorus along with other
supplementary nutrients in smaller doses, such as potassium, sulfur,
magnesium, calcium, copper and zinc. Soil that is lacking in these substances
can be reclaimed with biosolids use. The application of biosolids to land
improves soil properties and plant productivity, and reduces dependence on
inorganic fertilizers.
biosphere: the earth and all its ecosystems.
biota: the plant (flora) and animal life (fauna) of a region or ecosystem.
blackwater: wastewater from toilet, latrine, and agua privy flushing and
sinks used for food preparation or disposal of chemical or chemical-biological
ingredients.
bletonism: alleged ability to find an underground water supply.
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blinds: water samples containing a chemical of known concentration
given a fictitious company name and slipped into the sample flow of the lab to
test the impartiality of the lab staff.
bloom: a proliferation of algae and/or higher aquatic plants in a body of
water; often related to pollution or excessive nutrients, especially when they
accelerate growth.
blowdown: the water drawn from boiler systems and cold water basins
of cooling towers to prevent the buildup of solids.
blunge: to mix clay with water.
bog: a type of wetland that accumulates appreciable peat deposits.
They depend primarily on precipitation for their water source, and are usually
acidic and rich in plant matter with a conspicuous mat or living green moss.
bogan: quiet tributary or backwater.
boiling point: the temperature at which a liquid boils. It is the
temperature at which the vapor pressure of a liquid equals the pressure on its
surface. If the pressure of the liquid varies, the actual boiling point varies. For
water it is 212 degrees Fahrenheit or 100 degrees Celsius.
BOD: Biochemical Oxygen Demand. A measure of the amount of
oxygen required to neutralize organic wastes. The BOD of a wastewater is a
characteristic reflecting treatability or stage of decomposition. Compare COD
and CBOD.
boundary conditions: definition or statement of conditions or phenomena
at the boundaries of a model; water levels, flows, and concentrations that are
specified at the boundaries of the area being modeled.
bore: to create a well by drilling; the hole or passage made by a drill;
tidal flow of water up estuaries.
brackish: mixed fresh and salt water.
breakpoint chlorination: addition of chlorine to the point where all organic
matter and ammonia compounds have been destroyed and any additional
chlorine becomes a free chlorine residual available for disinfection.
bridgewater: anything undesirable or worthless.
Brine: highly salty and heavily mineralized water containing heavy metal
and organic contaminants.
buoyancy: the tendency of a body to float or rise when immersed in a
fluid; the power of a fluid to exert an upward force on a body placed in it.
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C
calcium carbonate: CACO3 - a white precipitate that forms in water
lines, water heaters and boilers in hard water areas; also known as scale.
calorie: amount of energy required to raise the temperature of 1 gram of
water 1 degree Celsius.
calibration: to check, adjust, or determine by comparison that a
computer model will produce results that meet or exceed some defined criteria
within a specified degree of confidence.
calcine: to burn so as to drive out water and carbon dioxide.
calcivorous: feeding on or living in limestone.
camlet: strong waterproof silk or wool fabric.
canopy: the overhanging cover formed by branches and foliage.
capillary action: movement of water through very small spaces due to
molecular forces called capillary forces.
capillary forces: forces that cause ground water to rise above the
surface of the saturated zone into the spaces between soil particles in the
unsaturated zone.
capillary zone: soil area above the water table where water can rise up
slightly through the cohesive force of capillary action. See phreatophytes.
carbamates: a class of new-age pesticides that attack the nervous
system of organisms.
carbon adsorption: a treatment system that removes contaminants from
ground water or surface water by forcing it through tanks containing activated
carbon treated to attract the contaminants.
carbonates: the collective term for the natural inorganic chemical
compounds related to carbon dioxide that exist in natural waterways.
casing: a tubular structure intended to be watertight installed in the
excavated or drilled hole to maintain the well opening and, along with
cementing, to confine the ground waters to their zones of origin and prevent the
entrance of surface pollutants.
catadromous: migrating from fresh to salt water to spawn.
cavern: a large underground opening in rock (usually limestone) which
occurred when some of the rock was dissolved by water. In some igneous
rocks, caverns can be formed by large gas bubbles.
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CBOD: Carbonaceous Biochemical Oxygen Demand. A BOD test in
which a nitrification inhibitor is added, so that only the carbonaceous oxygen
demanding compounds are measured.
catoptromancy: divination by examining mirror placed underwater.
cement grout: a mixture of water and cement in the ratio of not more
than 5-6 gallons of water to a 94 pound sack of portland cement which is fluid
enough to be pumped through a small diameter pipe.
CERCLA: Comprehensive Environment Response, Compensation and
Liability Act. Also known as SUPERFUND. The Act gave EPA the authority to
clean up abandoned, leaky hazardous waste sites.
certificate of water right: an official document which serves as court
evidence of a perfected water right.
CFU: colony forming units. Concentrations of water quality indicator
organisms such as fecal coliform bacteria are measured in cfu/100 ml.
channel: a natural or artificial watercourse that continuously or
intermittently contains water, with definite bed and banks that confine all but
overbanking streamflows.
channelization: natural or intentional straightening and/or deepening of
streams so water moves faster and causes less flooding. Channelization can
sometimes exacerbate flooding in other downstream areas.
check dam: a small dam constructed in a gully or other small water
course to decrease the streamflow velocity, minimize channel erosion, promote
deposition of sediment and to divert water from a channel.
chemical weathering: attack and dissolving of parent rock by exposure
to rainwater, surface water, oxygen, and other gases in the atmosphere, and
compounds secreted by organisms. Contrast physical weathering.
Chezy's equation: the empirical equation used to estimate the hydraulic
conditions of flow within a channel cross section. Alternative to Manning's
equation.
Chezy's roughness: a coefficient in Chezy's equation that accounts for
energy loss due to the friction between the channel and the water.
chlorination: the adding of chlorine to water or sewage for the purpose
of disinfection or other biological or chemical results.
chlorine contact chamber: the part of a wastewater treatment plant
where treated water is disinfected by chlorine.
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chlorine demand: the difference between the amount of chlorine added
to water, sewage, or industrial wastes and the amount of residual chlorine
remaining at the end of a specific contact period. Compare residual chlorine.
chute spillway: the overall structure which allows water to drop rapidly
through an open channel without causing erosion. Usually constructed near the
edge of dams.
circulate: to move in a circle, circuit or orbit; to flow without obstruction;
to follow a course that returns to the starting point.
cistern: a tank used to collect rainwater runoff from the roof of a house
or building.
clarification: the clearing action that occurs during wastewater treatment
when solids settle out. Clarification is often aided by centrifugal action or
chemically induced coagulation.
clarifier: a tank in which solids settle to the bottom and are subsequently
removed as sludge.
Clean Water Act: federal legislation enacted in 1972 to restore and
maintain the chemical, physical and biological integrity of the surface waters of
the United States. The stated goals of the Act are that all waters be fishable
and swimmable.
clepsydra: instrument which measures time by trickling water.
climatic cycle: the periodic changes climate displays, such as a series of
dry years following a series of years with heavy rainfall.
climatic year: a period used in meteorological measurements. The
climatic year in the U.S. begins on October 1.
climate: generalized weather at a given place on earth over a fairly long
period; a long term average of weather. Compare weather.
cloudburst: a torrential downpour of rain, which by it spottiness and
relatively high intensity suggests the bursting and discharge of water from a
cloud all at once.
coagulation: in water treatment, the use of chemicals to make
suspended solids gather or group together into small flocs.
coaming: raised edge around ship's hatches to keep water out.
COD: Chemical Oxygen Demand. A measure of the oxygen equivalent
of the organic matter content of a sample that is susceptible to oxidation by a
strong chemical oxidation. Differs from the BOD test in that COD uses oxygen
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derived from chemicals, while BOD uses oxygen derived from air dissolved in
water.
cohesion: a molecular attraction by which the particles of a body are
united throughout the mass whether like or unlike. Compare adhesion.
cold vapor: method to test water for the presence of mercury.
coliform bacteria: non-pathogenic microorganisms used in testing water
to indicate the presence of pathogenic bacteria.
collector well: a well located near a surface water supply used to lower
the water table and thereby induce infiltration of surface water through the bed
of the water body to the well.
colloids: finely divided solids which will not settle but which may be
removed by coagulation or biochemical action.
combined sewer: a sewer system that carries both sanitary sewage and
stormwater runoff. When sewers are constructed this way, wastewater
treatment plants have to be sized to deal with stormwater flows and oftentimes
some of the water receives little or no treatment. Compare separate sewer.
Combined Sewer Overflow (CSO) : the discharge of a mixture of storm
water and domestic waste when the flow capacity of a sewer system is
exceeded during rainstorms.
Community water system: In Texas, a public water system which has a
potential to serve at least 15 residential service connections on a year-round
basis or serves at least 25 residents on a year-round basis.
Completion: sealing off access of undesireable water to the well bore by
proper casing and/or cementing procedures.
Composite sample, weighted: a sample composed of two or more
portions collected at specific times and added together in volumes related to the
flow at time of collection. Compare grab sample.
Concentration: amount of a chemical or pollutant in a particular volume
or weight of air, water, soil, or other medium.
condensation: the change of state from a gas to a liquid. Compare
evaporation, sublimation.
conduit: a natural or artificial channel through which fluids may be
conveyed.
cone of depression: natural depression in the water table around a well
during pumping.
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conferva: green algae that floats on surface of stagnant water.
confined aquifer: an aquifer that lies between two rock layers of very low
permeability. Most confined aquifers also are artesian aquifers. Compare
unconfined aquifer.
confining bed or unit: a body of impermeable or distinctly less permeable
material stratigraphically adjacent to one or more aquifers.
confluent growth: in coliform testing, abundant or overflowing bacterial
growth which makes accurate measurement difficult or impossible.
conjunctive management: integrated management and use of two or
more water resources, such as an aquifer and a surface water body.
connate water: water trapped in the pore spaces of a sedimentary rock
at the time it was deposited. It is usually highly mineralized.
connectivity: refers to the movement and exchange of water, nutrients,
sediments, organic matter, and organisms within a riverine ecosystem.
Connectivity occurs laterally: (between the stream and its floodplain),
longitudinally (along the stream),

vertically (between the stream and

groundwater), and temporally.
conservation: to protect from loss and waste. Conservation of water may
mean to save or store water for later use.
constituent: an informal term used to describe a detectable element or
component or attribute of waste or effluent.>
consolidated formation: naturally occurring geologic formations that have
been lithified (turned to stone). The term is sometimes used interchangeably
with the term "bedrock." Commonly, these formations will stand at the edges of
a bore hole without caving.
consumptive use: the quantity of water not available for reuse.
Evapotranspiration, evaporation, incorporation into plant tissue, and infiltration
into groundwater are some of the reasons water may not be available for reuse.
Compare nonconsumptive use.
contact recreation: activities involving a significant risk of ingestion of
water, such as wading by children, swimming, water skiing, diving and surfing.
Compare noncontact recreation.
contamination: the introduction into water of sewage or other foreign
matter that will render the water unfit for its intended use.
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control variables: large-scale environmental factors that control patterns
found in local geomorphic features. For example, geology, soils, land use,
hydrology, channel features, and valley characteristics.
conveyance loss: water loss in pipes, channels, conduits, and ditches by
leakage or evaporation.
cooling tower: large tower used to transfer the heat in cooling water
from a power or industrial plant to the atmosphere either by direct evaporation
or by convection and conduction.
correlative rights: rights that are coequal or that relate to one another,
so that any one owner cannot take more than his share.
creek: a small stream of water which serves as the natural drainage
course for a drainage basin. The term is relative according to size. Some creeks
in a humid region would be called rivers if they occurred in an arid area.
crest: the top of a dam, dike, or spillway, which water must reach before
passing over the structure; the summit or highest point of a wave; the highest
elevation reached by flood waters flowing in a channel.
critical low flow: low flow conditions below which some standards do not
apply. The impacts of permitted discharges are analyzed at critical low-flow.
cross-connection: any actual or potential connection between a drinking
water system and an unapproved water supply or other source of
contamination.
cross-contamination: a condition created when a drill hole, boring, or
improperly constructed well forms a pathway for fluid movement between a
saturated zone which contains pollutants and a formerly separated saturated
zone containing uncontaminated groundwater. Also, where potable water
supplies and sanitary services are interconnected.
cubic foot per second (CFS): the rate of discharge representing a
volume of one cubic foot passing a given point during 1 second. This rate is
equivalent to approximately 7.48 gallons per second, or 1.98 acre-feet per day.
current: the portion of a stream or body of water which is moving with a
velocity much greater than the average of the rest of the water. The progress of
the water is principally concentrated in the current. See thalweg.
current velocity: the velocity of water flow in a stream, measured in units
of length per unit of time, such as feet per second (fps).
cutoff: here the stream cuts through the neck of a meander bend.
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D
dam: a structure of earth, rock, or concrete designed to form a basin
and hold water back to make a pond, lake, or reservoir.
dap: to dip gently into water.
dead end : the end of a water main that is not connected to other parts
of the distribution system.
decomposable waste: waste that under suitable natural conditions can
be transformed through biological and chemical processes into compounds that
do not impair water quality.
deionized water: water free of inorganic chemicals.
delta: an alluvial deposit made of rock particles (sediment, and debris)
dropped by a stream as it enters a body of water.
demand: the number of units of something that will be purchased at
various prices at a point in time. Compare supply.
demersal: subaqueous; living underwater; sinking to the bottom.
dense non-aqueous phase liquid (DNAPL): non-aqueous phase liquids,
such as chlorinated hydrocarbon solvents or petroleum fractions, with a specific
gravity greater than 1.0 that sink through the water column until they reach a
confining layer. Because they are at the bottom of aquifers instead of floating on
the water table, typical monitoring wells do not indicate their presence.
density: a measure of how heavy a specific volume of a solid, liquid, or
gas is in comparison to water.
dental fluorosis: disorder caused by excessive absorption of fluorine and
characterized by brown staining of teeth.
depletion curve: in hydraulics, a graphical representation of water
depletion from storage stream channels, surface soil, and groundwater. A
depletion curve can be drawn for base flow, direct runoff, or total flow.
deposit: something dropped or left behind by moving water, as sand or
mud.
deposition: the laying down of material by erosion or transport by water or air.
desalinatio: the process of salt removal from sea or brackish water.
detection limit: the lowest level that can be determined by a specific
analytical procedure or test method.
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detention time: the time required for a volume of water to pass through a
tank at a given rate of flow; in storage reservoirs, the length of time water will be
held before being used.
detergent: synthetic washing agent that helps remove dirt and oil. Some
contain compounds toxic to bacteria that are useful in the wastewater treatment
process; other contain nutrients such as phosphorous that may encourage
algae growth when they are in wastewater that reaches receiving waters.
detritus: decaying organic matter (mostly leaves and other matter from
vegetation).
dewater: remove or separate a portion of the water in a sludge or slurry
to dry the sludge so it can be handled and disposed; remove or drain the water
from a tank, trench, or aquifer.
diatomaceous: consisting of or abounding in diatoms, a class of
unicellular or colonial algae having a silicified cell wall that persists as a skeleton
after death.
digester: in wastewater treatment, a unit in which anaerobic bacterial
action is induced and accelerated in order to break down and stabilize organic
matter removed from the treatment process.
diluting water: distilled water that has been stabilized, buffered, and
aerated. Used in the BOD test.
dilution ratio: the critical low flow of the receiving water at the point of
recycled water discharge divided by the flow of the discharge. Is used in the
biomonitoring test to simulate in-stream conditions that organisms will be
exposed to during critical low-flow times.
discharge: the volume of water that passes a given point within a given
period of time. It is an all-inclusive outflow term, describing a variety of flows
such as from a pipe to a stream, or from a stream to a lake or ocean.
discharge permit: a permit issued by a state or the federal government
to discharge effluent into waters of the state or the United States. In many
states both State and federal permits are required.
discharger: any person who discharges waste that could affect the
quality of state waters. The term includes any person who owns, or is
responsible for the operation of, a waste management unit such as a
wastewater treatment plant.
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disinfectant: a chemical or physical process that kills or inactivates
pathogenic organisms in water.

Chlorine is the most commonly used

disinfectant for recycled water, potable water supplies, wells, and swimming
pools. Other disinfectants include ozone, bromine, iodine, chlorine dioxide, heat,
and ultraviolet light.
disinfection: the killing of the larger portion of the harmful and
objectionable bacteria in the sewage. Usually accomplished by introduction of
chlorine, but more and more facilities are using exposure to ultraviolet radiation,
which renders the bacteria sterile.
disinfection byproducts: halogenated organic chemicals formed when
water is disinfected.
dispersion: the movement and spreading of contaminants out and down
in an aquifer.
displacement: distance by which portions of the same geological layer
are offset from each other by a fault.
dissolve: the process by which solid particles mix molecule by molecule
with a liquid and appear to become part of the liquid.
dissolved oxygen (DO) : amount of oxygen gas dissolved in a given
quantity of water at a given temperature and atmospheric pressure. It is usually
expressed as a concentration in parts per million or as a percentage of
saturation.
dissolved solids: inorganic material contained in water or wastes.
Excessive dissolved solids make water unsuitable for drinking or industrial uses.
See TDS.
distillation: water treatment method where water is boiled to steam and
condensd in a separate reservoir. Contaminants with higher boiling points than
water do not vaporize and remain in the boiling flask.
distilled water: water that has been treated by boiling and condensation
to remove solids, inorganics, and some organic chemicals.
diversion: to remove water from a water body. Diversions may be used
to protect bottomland from hillside runoff, divert water away from active gullies,
or protect buildings from runoff.
downgradient:

the

direction

“downstream” for surface water.

that

groundwater

flows;

similar

to
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draft: the act of drawing or removing water from a tank, reservoir or
groundwater supply.
drainage area: of a stream at a specified location is that area, measured
in a horizontal plane, enclosed by a topographic divide from which direct surface
runoff from precipitation normally drains by gravity into the stream above the
specified location.
drainage reuse: reuse of agricultural drainage on salt-tolerant crops.
drainage well: a well drilled to carry excess water off agricultural fields.
Because they act as a drain from the surface to the groundwater below,
drainage wells can contribute to groundwater pollution.
drawdown: the drop in the water table or level of groundwater when
water is being pumped from a well; the amount of water used from a tank or
reservoir; the drop in the water level of a tank or reservoir.
dredging: removal of mud from the bottom of water bodies. This can
disturb the ecosystem and cause silting that kills aquatic life. Dredging of
contaminated mud can expose biota (the flora and fauna of a region) to heavy
metals and other toxics. Dredging activities may be subject to regulation under
state and federal laws.
driller's well log: a log kept at the time of drilling showing the depth,
thickness, character of the different strata penetrated, location of water-bearing
strata, depth, size, and character of casing installed.
dripstone: deposits of calcium carbonate that include stalactites,
stalagmites, columns, and cave pearls; stone projection used to dispose of
rainwater.
drought: although there is no universally accepted definition of drought,
it is generally the term applied to periods of less than average precipitation over
a certain period of time. In south Texas ranchers say drought begins as soon as
it stops raining.
duplicates: two separate samples with separate containers taken at the
same time at the same place.
E
echard: water in the soil not available to plants.
ecoregion: a geographic area over which the macroclimate is sufficiently
uniform to permit development of similar ecosystems on sites with similar
geophysical properties.
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ecosphere: total of all the ecosystems on the planet, along with their
interactions; the sphere of air, water, and land in which all life is found.
ecosystem: the interacting system of a biological community and its nonliving environmental surroundings; a complex system composed of a community
of fauna and flora, taking into account the chemical and physical environment
with which the system is interrelated.
ecotone: a transition zone between two distinctly different ecosystems or
communities.
eddy viscosity: a model parameter that reproduces the effects of
turbulent mixing in fluid flow.
Edwards Aquifer: an arch-shaped belt of porous, water bearing
limestones composed of the Comanche Peak, Edwards, and Georgetown
formations trending from west to east to northeast through Kinney, Uvalde,
Medina, Bexar, Comal, Hays, Travis, and Williamson counties.
Edwards outcrop: where the Edwards and associated limestone
formations are found at the surface. This area is also referred to as the
Recharge Zone.
effective porosity: the portion of pore space in saturated permeable
material where the movement of water takes place.
effective precipitation: the part of precipitation which produces runoff; a
weighted average of current and antecedent precipitation "effective" in
correlating with runoff. It is also that part of the precipitation falling on an
irrigated area which is effective in meeting the requirements of consumptive
use.
effluent: any substance, particularly a liquid, that enters the environment
from a point source. Generally refers to wastewater from a sewage treatment or
industrial plant.
effluent limitation: restrictions established by a a regulating agency such
as a State or the EPA in an NPDES permit on quantities, rates, and
concentrations in wastewater discharges.
electrodialysis: a process which uses an electrical current and an
arrangement of permeable membranes to separate soluble minerals from water.
It is often used to desalinate salt or brackish water.
electrofishing: a biological collection method that uses electric current to
facilitate capturing fishes.
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elydoric: painted with both oil and watercolour.
embeddedness: a measure of the degree that gravel and larger
substrates are surrounded by fine particles (silt and sand).
endangered species: one having so few individual survivors that the
species could soon become extinct in all or part of its region.
endemism: the characteristic of being confined to or indigenous in, a
certain area or region.
enrichment: the addition of nutrients such as nitrogen and phosphorous
from wastewater effluent or agricultural runoff to surface water. Enrichment
greatly increases the growth potential for algae and other aquatic plants.
enteric viruses: a category of viruses related to human excreta found in
waterways.
entrain: to trap bubbles in water either mechanically through turbulence
or chemically through a reaction.
environment: aggregate of external conditions that influence the life of
an individual organism or population.
environmental indicator: a measurement, statistic or value that provides
evidence of the effects of environmental management programs or of the state
or condition of the environment.
Environmental Impact Statement (EIS): a document that analyzes the
effects of major federal projects on the environment. Required by the National
Environmental Policy Act. It must be filed with the President and the Council on
Environmental Quality, and made available to the public.
EPA: Environmental Protection Agency. The federal regulatory agency
responsible for protecting environmental quality throughout the nation. Also acts
in an oversight role to state environmental agencies that carry out federal laws.
epilimnion: warm, less dense top layer in a stratified lake. Compare
hypolimnion.
eromancy: divination using water vessels.
erosion: the wearing away of the land surface by wind, water, ice or
other geologic agents. Erosion occurs naturally from weather or runoff but is
often intensified by human land use practices.
escarpment: the topographic expression of a fault.
estuarine waters: deepwater tidal habitats and tidal wetlands that are
usually enclosed by land but have access to the ocean and are at least
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occasionally diluted by freshwater runoff from the land (such as bays, mouths of
rivers, salt marshes, lagoons).
estuarine zone: area near the coastline that consists of estuaries and
coastal saltwater wetlands.
estuary: thin zone along a coastline where freshwater system(s) and
river(s) meet and mix with a salty ocean (such as a bay, mouth of a river, salt
marsh, lagoon).
euphotic zone: surface layer of an ocean, lake, or other body of water
through which light can penetrate. Also known as the zone of photosynthesis.
eutrophic: having a large or excessive supply of plant nutrients (nitrates
and phosphates). Compare oligotrophic.
eutrophication (natural): an excess of plant nutrients from natural erosion
and runoff from the land in an aquatic ecosystem supporting a large amount of
aquatic life that can deplete the oxygen supply.
evaporation: the change by which any substance is converted from a
liquid state and carried of in vapor. Compare condensation, sublimation.
evapotranspiration: combination of evaporation and transpiration of
water into the atmosphere from living plants and soil. Distinguish transpiration.
external cost: cost of production or consumption that must be borne by
society; not by the producer.
extinction: complete disappearance of a species because of failure to
adapt to environmental change.
F
facultative bacteria: bacteria that can live under aerobic or anaerobic
conditions.
fathometer: instrument for measuring underwater depth using sound.
fecal coliform: the portion of the coliform bacteria group which is present
in the intestinal tracts and feces of warm-blooded animals. A common pollutant
in water.
fen: a type of wetland that accumulates peat deposits, but not as much
as a bog. Fens are less acidic than bogs, deriving most of their water from
groundwater rich in calcium and magnesium.
fermentation, anaerobic: process in which carbohydrates are converted
in the absence of oxygen to hydrocarbons (such as methane).
field capacity: the amount of water held in soil against the pull of gravity.
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filter: a device used to remove solids from a mixture or to separate
materials. Materials are frequently separated from water using filters.
filtration: the mechanical process which removes particulate matter by
separating water from solid material, usually by passing it through sand.
finite difference: a method of solving the governing equations of a
numerical model by dividing the spatial domain into a mesh of nodes. Solution of
the governing equations is approximated from values at the node locations.
finite element: a method of solving the governing equations of a
numerical model by dividing the spatial domain into elements in each of which
the solution of the governing equations is approximated by a continuous
function.
finite volume: a method of solving the governing equations of a
numerical model by dividing the spatial domain into a mesh of nodes and
corresponding volumes around each node. Solution of the governing equations
is obtained from approximation of the fluxes across the boundaries of adjacent
volumes.
"first in time, first in right": phrase indicating that older water rights have
priority over more recent rights if there is not enough water to satisfy all rights.
fixed ground water: water held in saturated material that it is not
available as a source of water for pumping.
flashiness: a measure of a river or stream's tendency to carry a high
percentage of its flow volume in large, infrequent events rather than more
moderate flows that occur frequently.
flocculation: large scale treatment process involving gentle stirring
whereby small particles in flocs are collected into larger particles so their weight
causes them to settle to the bottom of the treatment tank.
flood: an overflow or inundation that comes from a river or other body of
water and causes or threatens damage. It can be any relatively high streamflow
overtopping the natural or artificial banks in any reach of a stream. It is also a
relatively high flow as measured by either gage height or discharge quantity.
flood frequency: how often, on average, a discharge of a given
magnitude occurs at a particular location on a stream. Usually expressed as the
probability that the discharge will exceed some size in a single year (for
example, the 100 year flood has a 1 percent probability of being equaled or
exceeded in any one year).
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floodplain: land next to a river that becomes covered by water when the
river overflows its banks .
flora: plant population of a region.
flow: the rate of water discharged from a source expressed in volume
with respect to time.
flow augmentation: the addition of water to meet flow needs.
flow duration curve: a measure of the range and variability of a stream's
flow. The flow duration curve represents the percent of time during which
specified flow rates are exceeded at a given location. This is usually presented
as a graph of flow rate (discharge) versus percent of time that flows are greater
than, or equal to, that flow.
flow meter: a gauge indicating the velocity and/or volume of a flowing liquid.
flow-sensitive habitats: habitats that show hydraulic response to
relatively small changes in streamflow. Responses may be reflected in changes
in depth, velocity patterns, wetted width and/or habitat area. Example are
shallow-water, edge, and riffle habitats.
flowing artesian well: a special case of an artesian well where a water well
drilled into a confined aquifer has enough hydraulic pressure for the water to rise to
a height above ground surface and to flow at the surface without pumping.
flume: a natural or artificially made channel that diverts water.
flumen: a flowing or a stream, usually in a man-made structure
flush: to open a cold-water tap to clear out all the water which may have
been sitting for a long time in the pipes; to force large amounts of water through
a system to clean out piping or tubing and storage or process tanks.
fluvial: of, relating to, or inhabiting a river or stream.
fluviology: study of watercourses.
foodweb: a model structure used to represent the links between
organisms within an environment, based upon the order in which various
organisms consume one another.
forebay: the water behind a dam.
forfeited water right: a water right canceled because of several
consecutive years of nonuse.
freeboard: the vertical distance between the lowest point along the top
of a surface impoundment dike, berm, levee, treatment works or other similar
feature and the surface of the liquid contained therein.
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free ground water: water in interconnected pore spaces in the zone of
saturation down to the first impervious barrier, moving under the control of the
water table slope.
freezing: the change of a liquid into a solid as temperature decreases.
For water, the freezing point is 32 F or 0 C.
fresh water: water containing less than 1,000 parts per million (ppm) of
dissolved solids of any type. Compare saline water.
fresh water inflow requirements: freshwater flows required to maintain
the natural salinity, nutrient, and sediment delivery in a bay or estuary that
supports their unique biological communities and ensures a healthy ecosystem.
fresh: salt water interface the region where fresh water and salt water
meet. In the Edwards region, it is commonly referred to as the "bad water line",
although it is zone and not a line.
frost: a covering of minute ice crystals on a cold surface.
Froude number: a dimensionless number comparing inertial and
gravitational forces. Used to quantify the resistance of an object moving through
water, and compare objects of different sizes. Froude numbers greater than 1
correspond to supercritical flow, less than 1 to subcritical flow.
furrow irrigation: irrigation method in which water travels through the
field by means of small channels between each group of rows.
G
gaging station: the site on a stream, lake or canal where hydrologic data
is collected.
gallon: A unit of volume. A U.S. gallon contains 231 cubic inches, 0.133
cubic feet, or 3.785 liters. One U.S. gallon of water weighs 8.3 lbs.
game fish: a species such as trout, salmon, or bass, caught for sport.
gas chromatograph: an instrument that identifies the molecular
composition and concentrations of various chemicals in water and soil samples.
geohydrology: a term which denotes the branch of hydrology relating to
subsurface or subterranean waters; that is, to all waters below the surface.
geologic erosion: normal or natural erosion caused by geological
processes acting over long geologic periods and resulting in the wearing away
of mountains, the building up of floodplains, coastal plains, etc.
geopressured reservoir: a geothermal reservoir consisting of porous
sands containing water or brine at high temperature or pressure.

89

geyser: a periodic thermal spring that results from the expansive force
of super heated steam.
giardia lamblia: a protozoa found in the feces of infected humans and
animals that can cause severe gastrointestinal ailments. It is a common
contaminant of surface waters.
glacier: a huge mass of land ice that consists of recrystallized snow and
moves slowly downslope or outward.
grab sample: a sample taken at a given place and time. Compare
composite sample.
granular activated carbon: pure carbon heated to promote "active" sites
which can adsorb pollutants. Used in some home water treatment systems to
remove certain organic chemicals and radon.
grassed waterway: natural or constructed watercourse or outlet that is
shaped or graded and planted in suitable vegetation for the disposal of runoff
water without erosion.
greywater: wastewater from clothes washing machines, showers,
bathtubs, handwashing, lavatories and sinks that are not used for disposal of
chemical or chemical-biological ingredients.
groundwater: water within the earth that supplies wells and springs;
water in the zone of saturation where all openings in rocks and soil are filled, the
upper surface of which forms the water table.
groundwater hydrology: the branch of hydrology that deals with
groundwater; its occurrence and movements, its replenishment and depletion,
the properties of rocks that control groundwater movement and storage, and the
methods of investigation and utilization of ground water.
groundwater law: the common law doctrine of riparian rights and the
doctrine of prior appropriation as applied to ground water.
groundwater recharge: the inflow to a ground water reservoir.
groundwater reservoir: an aquifer or aquifer system in which ground
water is stored. The water may be placed in the aquifer by artificial or natural
means.
groundwater runoff: the portion of runoff which has passed into the
ground, has become ground water, and has been discharged into a stream
channel as spring or seepage water.
groundwater storage: the storage of water in groundwater reservoirs.
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groyne: wooden breakwater.
guild: a group of species or organisms that use the same environmental
resources (habitat, food source, etc.) or life history strategy (such as
reproduction) in the same way.
gully: a deeply eroded channel caused by the concentrated flow of
water.
gully reclamation: use of small dams of manure and straw; earth,
stone,or concrete to collect silt and gradually fill in channels of eroded soil.
guyot: flat-topped underwater mountain.
H
habitat: the native environment or specific surroundings where a plant or
animal naturally grows or lives. Habitat includes physical factors such as
temperature, moisture, and light together with biological factors such as the
presence of food or predator organisms.
habitat indicator: a physical attribute of the environment measured to
characterize conditions necessary to support an organism, population, or
community in the absence of pollutants. For example, salinity of estuarine
waters or substrate type in streams or lakes.
hail: a form of precipitation which forms into balls or lumps of ice over
0.2 inch in diameter. Hail is formed by alternate freezing and melting as
precipitation is carried up and down in highly turbulent air currents.
halolimnic: of, like or pertaining to sea creatures who spend time in fresh
water.
halophilous: tolerant of salt or salt-water.
hardpan: a shallow layer of earth material which has become relatively
hard and impermeable, usually through the deposition of minerals. In the
Edwards region hardpans of clay are common.
hard water: water containing a high level of calcium, magnesium, and
other minerals. Hard water reduces the cleansing power of soap and produces
scale in hot water lines and appliances.
hardness (water): condition caused by dissolved salts of calcium,
magnesium, and iron, such as bicarbonates, carbonates, sulfates, chlorides,
and nitrates.
hardwood bottomland: hardwood forested lowlands adjacent to some
rivers, especially valuable for wildlife breeding, nesting, and habitat.
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head: the pressure of a fluid owing to its elevation, usually expressed in
feet of head or in pounds per square inch, since a measure of fluid pressure is
the height of a fluid column above a given or known point.
headgate: the gate that controls water flow into irrigation canals and
ditches. A watermaster regulates the headgates during water distribution and
posts headgate notices declaring official regulations.
heat of vaporization: the amount of heat necessary to convert a liquid
(water) into vapor.
heavy water: water in which all the hydrogen atoms have been replaced
by deuterium.
herbicide: a chemical used to kill nuisance plants. Herbicides can
contain pollutants found in runoff.
heterogenic aquifer: an aquifer that has a variety of forms or
characteristics, such as differering permeabilities. The Edwards is highly
heterogenic. Contrast homogenous aquifer.
high flow pulses: the component of an instream flow regime that
represents short-duration, in-channel, high flow events following storm events.
They maintain important physical habitat features and longitudinal connectivity
along the river channel.
holding pond: a small basin or pond designed to hold sediment laden or
contaminated water until it can be treated to meet water quality standards or be
used in some other way.
holding time: the maximum amount of time a sample may be stored
before analysis.
homogenous aquifer: an aquifer that has similar forms or characteristics
throughout, such as a uniform gravel aquifer. The Edwards is not homogenous,
it is highly heterogenic.
hydatoid: watery.
hydragogue: removing water or serum.
hydraulic conductivity: the rate at which water can move through a
permeable medium.
hydraulic control: a feature in a stream (such as a constriction or a weir)
that controls the upstream water surface elevation.
hydraulic gradient: the direction of groundwater flow due to changes in
the depth of the water table.
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hydraulic model: a computer model of a segment of river used to
evaluate hydraulic conditions. Compare hydrologic model.
hydraulic roughness: an estimate of the resistance to flow due to energy
loss caused by friction between the channel and the water. Chezy's and
Manning's roughness are two different ways to express this parameter.
hydrocarbons: chemical compounds that consist entirely of carbon and
hydrogen; also referred to as volatile organic compound.
hydroelectric plant: electric power plant in which the energy of falling
water is used to spin a turbine generator to produce electricity.
hydrogenic: caused or formed by water.
hydrogeology: the geology of groundwater, with particular emphasis on
the chemistry and movement of water.
hydrognosy: historical account of water surfaces of the earth.
hydrograph: a chart that measures the amount of water flowing past a
point as a function of time.
hydrography: study of investigating bodies of water.
hydrologic balance: an accounting of all water inflow to, water outflow
from, and changes in water storage within a hydrologic unit over a specified
period of time.
hydrokinetics: study of motion of fluids.
hydrologic basin: the drainage area upstream from a given point on a
stream.
hydrologic cycle: natural pathway water follows as it changes between
liquid, solid, and gaseous states; biogeochemical cycle that moves and recycles
water in various forms through the ecosphere. Also called the water cycle.
hydrologic model: a computer model of a watershed used to evaluate
how precipitation contributes to flow in streams. Compare hydraulic model.
hydrologic unit: is a geographic area representing part or all of a surface
drainage basin or distinct hydrologic feature.
hydrology: the science dealing with the properties, distribution, and
circulation of water.
hydrolysis: the decomposition of organic compounds by interaction with
water.
hydromancy: divination using water.
hydromania: irrational craving for water.
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hydrometeorology: study of atmospheric moisture.
hydrometer: an instrument used to measure the density of a liquid.
hydropathy: study of or treating diseases with water.
hydrophanous: becoming transparent when placed in water.
hydrophilous: loving or preferring water.
hydropneumatic: a water delivery system, usually small, that maintains
water pressure in the distribution system by means of pressure in a
compressed air tank.
hydrophobia: fear of water.
hydropower: electrical energy produced by falling water.
hygroscopic nuclei: piece of dust or other particle around which water
condenses in the atmophere. These tiny droplets then collide and coalesce, with
as many as 10,000 nuclei contributing to formation of a raindrop.
hydropic: dropsical; thirsty.
hydroscope: instrument for viewing under water.
hydroscopist: one who divines sources of fresh water.
hydrosphere: region that includes all the earth's liquid water, frozen
water, floating ice, frozen upper layer of soil, and the small amounts of water
vapor in the Earth's atmosphere.
hydrostatic head: a measure of pressure at a given point in a liquid in
terms of the vertical height of a column of the same liquid which would produce
the same pressure.
hydrostatic pressure: pressure exerted by or existing within a liquid at
rest with respect to adjacent bodies.
hydrotimeter: instrument for measuring water hardness.
hyetal: rainy; of, like or pertaining to rainfall.
hyetograph: instrument for recording rainfall.
hyetology: science of rainfall.
hyetometer: instrument for measuring rainfall.
hyetometrograph: instrument for recording rainfall.
hygric: of, like or pertaining to water or moisture.
hygrograph: instrument for recording variations in atmospheric humidity.
hygrology: study of humidity.
hygrometer: instrument for measuring air moisture.
hygrometry: science of humidity.
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hygrophilous: preferring or living where there is an abundance of
moisture.
hygroscope: instrument for displaying changes in air humidity.
hygrostat: machine for regulating humidity of air.
hypolimnion: bottom layer of cold water in a lake. Compare epilimnion.
hyporheic zone: the zone under a river or stream comprising substrate
whose interstices are filled with water.
I
ice: a solid form of water.
illuvium: material dissolved in water and deposited in layers.
imhoff cone: a clear, cone-shaped container used to measure the
volume of settleable solids in a specific volume of water.
immerge: to immerse; to dip into water.
immerse: dip or submerge in a liquid.
immiscibility: the inability of two or more substances or liquids to readily
dissolve into one another, such as soil and water.
impaired water body: a water body that has been determined under
state and federal law as not meeting water quality standards, or having the
potential to do so in the future.
imperiled species: declining, rare, or uncommon species; species
federally listed as threatened or endangered, or candidates for such; and
species with limited distributions.
impermeable: material that does not permit fluids to pass through.
impervious: the quality or state of being impermeable; resisting
penetration by water or plant roots. Impervious ground cover like concrete and
asphalt affects quantity and quality of runoff.
impoundment: a body of water such as a pond, confined by a dam, dike,
floodgate or other barrier. It is used to collect and store water for future use.
Index of Biotic Integrity: a multi-metric measure of biological condition
developed from collection of data for fish or other organisms. It consists of
metrics in three broad categories: species composition, trophic composition, and
organism abundance and condition.
in-line filtration: a pretreatment method in which chemicals are mixed by
flowing water; commonly used in pressure filtration installations.
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in-situ flushing: introduction of large volumes of water, at times
supplemented with cleaning compounds, into soil, waste, or groundwater to
flush hazardous contaminants from a site.
in-situ oxidation: technology that oxidizes contaminants dissolved in
groundwater, converting them into insoluble compounds.
in-situ stripping: treatment system that removes or strips volatile organic
compounds from contaminated groundwater or surface water by forcing an air
stream through the water and causing the compounds to evaporate.
in-situ vitrification: technology that treats contaminated soil in place at
high temperatures, at 3,000 degrees Fahrenheit or more.
inchoate water right: an unperfected water right.
indicator organisms:

microorganisms,

such

as coliforms, whose

presence is indicative of pollution or of more harmful microorganism.
indicator parameters: measurable physical or chemical characteristics or
attributes of water or soil-pore moisture used to indicate the possible presence
of waste constituents, or the effects of waste constituents on waters.
indicator tests: tests for a specific contaminant, group of contaminants,
or constituent which signals the presence of something else (ex., coliforms
indicate the presence of pathogenic bacteria).
infiltration: the penetration of water through the ground surface into subsurface soil or the penetration of water from the soil into sewer or other pipes
through defective joints, connections, or manhole walls.
infiltration rate: the quantity of water that can enter the soil in a specified
time interval.
inflow: entry of rainwater into a sewer system from sources other than
infiltration, such as basement drains, manholes, storm drains, and street
washing.
influent: water, wastewater, or other liquid flowing into a reservoir, basin,
or treatment plant.
initial dilution: the process that results in the rapid and irreversible
turbulent mixing of effluent and receiving water around the point of discharge.
injection well: as defined by the U.S. EPA, any bored, drilled or driven
shaft, dug pit or hole in the ground into which waste or fluid is discharged, and
any associated subsurface appurtenances, the depth of which is greater than
the largest surface dimension of the shaft, pit or hole.
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injection zone: a geological formation receiving fluids through a well.
inland: freshwater wetlands swamps, marshes, and bogs found inland
beyond the coastal saltwater wetlands.
instream cover: overhanging or instream structure, such as tree roots,
undercut streambanks, boulders, or aquatic vegetation that offer protection for
aquatic organisms.
instream use: use of water that does not require withdrawal or diversion
from its natural watercourse; for example, the use of water for navigation,
recreation, and support of fish and wildlife.
interbasin transfer: the physical transfer of water from one watershed to
another; regulated by the Texas Water Code.
interceptor sewer: very large sewer lines that collect the flow from main
and trunk lines and carry them to treatment plants.
interface: the common boundary between two substances such as
water and a solid, water and a gas, or two liquids such as water and oil.
interfacial tension: the strength of the film separating two immiscible
fluids (e.g., oil and water) measured in dynes per, or millidynes per, centimeter.
intermittent stream: one that flows periodically. Compare perennial
stream.
interstate water: according to law, interstate waters are defined as (1)
rivers, lakes and other waters that flow across or form a part of state or
international boundaries; (2) waters of the Great Lakes; (3) coastal waters
whose scope has been defined to include ocean waters seaward to the
territorial limits and waters along the coastline (including inland streams)
influenced by the tide.
interstices: the void or empty portion of rock or soil occupied by air or
water.
inert waste: waste that does not contain hazardous waste or soluble
pollutants at concentrations in excess of applicable water quality objectives, and
does not contain significant quantities of decomposable waste.
irrigate: to supply water to (land or crops) to help growth, typically by
means of channels or sprayers.
irrigation efficiency: the percentage of water applied, and which can be
accounted for, in the soil moisture increase for consumptive use.
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irrigation return flow: water which is not consumptively used by plants
and returns to a surface or ground water supply. Under conditions of water right
litigation, the definition may be restricted to measurable water returning to the
stream from which it was diverted.
irrigation water: water which is applied to assist crops in areas or during
times where rainfall is inadequate.
irriguous: watered; wet; irrigating.
irroration: watering a plant with discharge of a sick person.
isobath: line connecting points of equal underwater depth.
isotherm: line that connects points of equal temperature.
isohyet: line that connects points of equal rainfall.
J
jar test: a laboratory procedure that simulates a water treatment plant's
coagulation/flocculation units with differing chemical doses, mix speeds, and
settling times to estimate the minimum or ideal coagulant dose required to
achieve certain water quality goals.
jet stream: along narrow meandering current of high-speed winds near
the tropopause blowing from a generally westerly direction and often exceeding
a speed of 250 miles per hour.
jetteau: a jet of water.
jetter: one (as a geyser) that sends out a jet.
jetty: a structure (as a pier or mole of wood or stone) extending into a
sea, lake, or river to influence the current or tide or to protect a harbor.
K
kalema: a violent surf that occurs on the coast of the Guinea region,
West Africa.
kalpis: a water jar.
kame: a short ridge, hill, or mound of stratified drift deposited by glacial
meltwater.
kame terrace: a terrace of stratified sand and and gravel deposited by
streams between a glacier and an adjacent valley wall.
katabothron: underground water-channel.
kelp beds: significant aggregations of a large, fast growing marine algae
throughout the water column.
kelpie: mischievous water spirit.
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key habitats: flow-sensitive habitats as well as habitats that support key
species.
key species: species that are targeted for instream flow assessment or
more generally taxa of interest; may include lotic-adapted species, imperiled
species, sport fishes, or other species related to study objectives.
khor: a dry watercourse; a ravine.
kibble: the bucket of a well.
kinetic energy: energy possessed by a moving object or water body.
kilogram: one thousand grams.
kraken: legendary sea monster.
krasis: addition of water to sacramental wine.
kyle: narrow strait.
kymograph: instrument for recording fluid pressure.
L
laboratory water: purified water used in the laboratory as a basis for
making up solutions or making dilutions. Water devoid of interfering substances.
lag time: the time from the center of a unit storm to the peak discharge
or center of volume of the corresponding unit hydrograph.
lagoon: a shallow pond where sunlight, bacterial action, and oxygen
work to purify wastewater. Lagoons are typically used for the storage of
wastewaters, sludges, liquid wastes, or spent nuclear fuel.
lake: an inland body of water, usually fresh water, formed by glaciers,
river drainage etc. Usually larger than a pool or pond.
land application: discharge of wastewater onto the ground for treatment
or reuse.
landscape impoundment: body of reclaimed water which is used for
aesthetic enjoyment or which otherwise serves a function not intended to
include contact recreation.
Langelier Saturation Index (LSI): an index reflecting the equilibrium pH
of a water with respect to calcium and alkalinity; used in stabilizing water to
control both corrosion and scale deposition.
leachate: water containing contaminants which leaks from a disposal
site such as a landfill or dump.
leachate collection system: a system that gathers leachate and pumps it
to the surface for treatment.
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leaching: extraction or flushing out of dissolved or suspended materials
from the soil, solid waste, or another medium by water or other liquids as they
percolate down through the medium to groundwater.
lecanomancy: divination using water in a basin or pool.
lecanoscopy: staring at pool of water as means of self-hypnosis.
lentic system: a nonflowing or standing body of fresh water, such as a
lake or pond. Compare lotic system.
levee: a natural or man-made earthen obstruction along the edge of a
stream, lake, or river. Usually used to restrain the flow of water out of a river
bank.
limestone: rock that consists mainly of calcium carbonate and is chiefly
formed by accumulation of organic remains.
limiting factor: factor such as temperature, light, water, or a chemical
that limits the existence, growth, abundance, or distribution of an organism.
limnetic: living in fresh water; pertaining to fresh water.
limnobiology: study of freshwater ecosystems.
limnology: scientific study of physical, chemical, and biological conditions
in lakes, ponds, and streams.
limnophilous: living in ponds or marshes.
limpid: clear; transparent.
Lindane: a pesticide that causes adverse health effects when present in
domestic water supplies and is toxic to freshwater fish and aquatic life.
liner: a relatively impermeable barrier designed to keep leachate inside
a landfill; an insert or sleeve for sewer pipes to prevent leakage or infiltration.
liquid: a state of matter, neither gas nor solid, that flows and takes the
shape of its container.
littoral zone: area on or near the shore of a body of water.
loden: heavy waterproof woolen fabric.
lotic-adapted species: species for which all or part of their life history is
dependent on flowing water.
lotic system: a flowing body of fresh water, such as a river or stream.
Compare lentic system.
lysimeter: instrument for measuring percolation of water through soil.
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M
macrointervebrate: an animal without a backbone, large enough to be
seen without magnification and unable to pass through a 0.595 mm mesh.
macrophyte: macroscopic plants in the aquatic environment. The most
common macrophytes are the rooted vascular plants that are usually arranged
in zones in aquatic ecosystems and restricted in their area by the extent of
illumination through the water and sediment deposition along the shoreline.
Manning's equation: an empirical equation used to estimate the average
hydraulic conditions of flow within a channel cross section.
Manning's roughness: a coefficient in Manning's equation that accounts
for energy loss due to the friction between the channel and the water. Many
hydraulic models use this coefficient to estimate resistance to flow.
mariculture: cultivation of fish and shellfish in estuarine and coastal
areas. Compare aquiculture.
marsh: an area periodically inundated and treeless and often
characterized by grasses, cattails, and other monocotyledons
MCL - Maximum Contaminant Level: the maximum level of a
contaminant allowed in water by federal law. Based on health effects and
currently available treatment methods.
mean column velocity: the average velocity of fluid flow measured in a
column extending from the surface of the water to the bed of the channel. Often
referred to simply as "velocity" or "current velocity". Compare point velocity.
meander bend: a windings or sinuous section of a stream channel. May
become an oxbow lake if cut off from the mainstem.
median particle size: value for which half the particles in a sample have
a greater diameter and half a lesser diameter.
median streamflow: the rate of discharge of a stream for which there are
equal numbers of greater and lesser flow occurrences during a specified period.
melting: the changing of a solid into a liquid.
meltwater: water that comes from the melting ice of a glacier or a
snowbank.
mermaid: a fabled marine creature usually represented as having the
head, trunk, and arms of a woman and a lower part like the tail of a fish.
mesohabitat: basic structural elements of a river or stream such as
pools, backwaters, runs, glides, and riffles.
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mesotrophic: reservoirs and lakes that contain moderate quantities of
nutrients and are moderately productive in terms of aquatic animal and plant life.
meteoric water: groundwater which originates in the atmosphere and
reaches the zone of saturation by infiltration and percolation.
method blank: laboratory grade water taken through the entire analytical
procedure to determine if samples are being accidentally contaminated by
chemicals in the lab
methyl tertiary butyl ether (MTBE): an additive originally put in gasoline
to reduce air pollution, but later found to be a source of groundwater pollution.
methoxychlor: pesticide that causes adverse health effects when found
in domestic water supplies. It is also toxic to aquatic life.
methyl orange alkalinity: A measure of the total alkalinity in a water
sample in which the color of methyl orange reflects the change in level.
micrograms per liter - Ug/L: micrograms per liter of water. One
thousands micrograms per liter is equivalent to 1 milligram per liter. This
measure is equivalent to parts per billion (ppb)
microhabitat:

zones of similar physical characteristics within a

mesohabitat unit, differentiated by aspects such as substrate type, water
velocity, and water depth.
migration: the movement of oil, gas, contaminants, water, or other
liquids through porous and permeable rock.
milligrams per liter - mg/L: milligrams per liter of water. This measure is
equivalent to parts per million (ppm).
minimum streamflow: the specific amount of water reserved to support
aquatic life, to minimize pollution, or for recreation. It is subject to the priority
system and does not affect water rights established prior to its institution.
mixed liquor: a mixture of activated sludge and water containing organic
matter undergoing treatment in an aeration tank.
mixing zone: a limited volume of receiving water that is allocated for
diluting a wastewater discharge without causing adverse effects to the overall
water body.
moiré: watered appearance on cloth or metal.
moisture content: the amount of water lost from soil upon drying to a
constant weight, expressed as the weight per unit of dry soil or as the volume of
water per unit bulk volume of the soil.
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moisture holding capacity: the amount of liquid that can be held against
gravity, by waste materials or soil, without generating free liquid.
molecule: the smallest division of a compound that still retains or
exhibits all the properties of the substance.
modified Wentworth scale: a specific scale used to classify substrate
particles by their diameter. Categories in this scale include boulder, cobble,
pebble, gravel, sand, silt, and clay.
monitoring well: a well used to obtain water quality samples or measure
groundwater levels.
monomictic: lakes and reservoirs that are relatively deep, do not freeze
over during winter, and undergo a single stratification and mixing cycle during
the year (usually in the fall).
moulin: shaft in a glacier caused by water running down a crack.
mudballs: round material that forms in filters and gradually grows when
not removed by backwashing.
multiple use: Use of bodies of water for more than one purpose, such as
recreational purposes, fishing, and water supply.
municipal discharge: discharge of effluent from treatment plants that
receive wastewater from households, commercial establishments, and industries.
municipal sewage: sewage from a community which may be composed
of domestic sewage, industrial wastes or both.
municipal sludge: semi-liquid residue remaining from the treatment of
municipal water and wastewater.
N
nappe: sheet of water flowing over a weir.
National Estuary Program: a program established under the Clean
Water Act Amendments of 1987 to conserve and manage estuaries, restore and
maintain their chemical, physical, and biological integrity, and control point and
nonpoint pollution sources.
National Municipal Plan: a U.S. EPA policy created in 1984 to bring all
publicly owned treatment works (POTWs) into compliance with Clean Water Act
requirements.
National Oil and Hazardous Substances Contingency Plan: the federal
regulation that guides determination of the sites to be corrected under the
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Superfund program, and the program to prevent or control spills into surface
waters or elsewhere.
National Pollutant Discharge Elimination System (NPDES): a provision of
the Clean Water Act that prohibits discharge of pollutants into waters of the
United States unless a permit is issued that complies with the Clean Water Act.
In Texas, the Texas Commission on Environmental Quality (TCEQ) administers
the NPDES program and issues TPDES permits.
National Priorities List (NPL): EPA's list of the most serious uncontrolled
or abandoned hazardous waste sites identified for possible long-term remedial
action under Superfund. The list is based primarily on the score a site receives
from the Hazard Ranking System. EPA is required to update the NPL at least
once a year. A site must be on the NPL to receive money for remedial action
from the Superfund Trust Fund.
National Response Team (NRT): representatives of 13 federal agencies
that, as a team, coordinate federal responses to nationally significant incidents
of pollution and provide advice and technical assistance to the responding
agencies.
National Response Center: The 24-hour a day federal operations center
receives notifications of all releases of oil and hazardous substances into the
environment. Operated by the U.S. Coast Guard, the Center evaluates all
reports and notifies the appropriate agency.
natricine: of, like or pertaining to water-snakes.
natural flow: the rate of water movement past a specified point on a
natural stream. The flow comes from a drainage area in which there has been
no stream diversion caused by storage, import, export, return flow, or change in
consumptive use caused by man-controlled modifications to land use. Natural
flow rarely occurs in a developed country.
natural resource: any form of matter or energy obtained from the
environment that meets human needs.
naturalized conditions: an estimate of natural conditions obtained by
attempting to remove effects of human activities from a set of measured
conditions.
Navier-Stokes equations: a set of equations that describe the physics
governing the motion of a fluid. In addition to applications in hydraulic studies of

104

rivers and streams, these equations are used to model weather, ocean
currents, and aerodynamics.
nekton: assemblage of swimming organisms in a body of water.
nephelometric: method of measuring turbidity in a water sample by
passing light through the sample and measuring the amount of light deflected.
neritic: belonging to the shallow waters near land.
neuston: minute organisms floating or swimming on water's surface.
NIPDWR: National Interim Primary Drinking Water Regulations.
nitrate: a compound containing nitrogen that can exist in water as a
dissolved gas. It can have harmful effects on humans and animals. Nitrates in
water can cause severe illness in infants and domestic animals. A plant nutrient
and inorganic fertilizer, nitrate is found in septic systems, animal feed lots,
agricultural fertilizers, manure, industrial wastewaters, sanitary landfills, and
garbage dumps.
nitrogen: a plant nutrient that can cause an overabundance of bacteria
and algae when high amounts are present, leading to a depletion of oxygen and
fish kills. Several forms occur in water, including ammonia, nitrate, nitrite or
elemental nitrogen. High levels of nitrogen in water are usually caused by
agricultural runoff or improperly operating wastewater treatment plants. Also
see phosphorous.
non-aqueous phase liquid (NAPL): contaminants that remain undiluted
as the original bulk liquid in the subsurface, such as spilled oil.
nonconsumptive use: using water in a way that does not reduce the
supply. Examples include hunting, fishing, boating, water-skiing, swimming, and
some power production. Compare consumptive use.
noncontact recreation: recreational pursuits not involving a significant
risk of water ingestion, including fishing, commercial and recreational boating,
and limited body contact incidental to shoreline activity. Compare contact
recreation.
nondegradation: an environmental policy that does not allow any
lowering of naturally occurring water quality regardless of pre-established health
standards.
nonporous: something which does not allow water to pass through it.
Compare porous.
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nonpoint source: source of pollution in which wastes are not released at
one specific, identifiable point but from a number of points that are spread out
and difficult to identify and control. Compare point source.
nonpotable: not suitable for drinking. Compare potable.
nonthreshold pollutant: substance or condition harmful to a particular
organism at any level or concentration.
NTU: nephlometric turbidity units.
nutrient: as a pollutant, any element or compound, such as phosphorous
or nitrogen, that fuels abnormally high organic growth in aquatic ecosystems.
Also see eutrophic.
nutrient cycle: the cyclic conversions of nutrients from one form to
another within biological communities. For example, the production and release
of molecular oxygen from water during photosynthesis by plants and the
subsequent reduction of atmospheric oxygen to water by the respiratory
metabolism of other biota.
O
oligotrophic: having a low supply of plant nutrients. Compare eutrophic.
on-site sewage treatment: any individual residential sewage treatment and
wastewater dispersal system, such as a septic system.
open system: system in which energy and matter are exchanged
between the system and its environment, for example, a living organism.
operable unit: a term used by the Superfund program to describe a
discrete action that comprises an incremental step toward comprehensively
addressing site problems. The cleanup of a site can be divided into a number of
operable units, depending on the complexity of the problems associated with the
site. Operable units may address geographical portions of a site, specific site
problems, or initial phases of an action, or may consist of any set of actions
performed over time or any actions that are concurrent but located in different
parts of a site. A typical operable unit would be removal of drums and tanks
from the surface of a site.
organic chemicals: chemicals containing carbon.
organism: any form of animal or plant life.
organism abundance and condition: that portion of an Index of Biotic
Integrity that is a metric measuring species abundance and condition, including
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proportion of individuals as hybrids and proportion of individuals with disease,
tumors, physical damage, or physical anomalies.
organotins: chemical compounds used in antifoulant paints to protect the
hulls of boats and ships, buoys, and pilings from marine organisms such as
barnacles.
orogeny: period of mountain-building.
orographic precipitation: rainfall that occurs as a result of warm, humid
air being forced to rise by topographic features such as mountains. Precipitation
on the Edwards Plateau is slightly higher because of the orographic effect of the
escarpment and hills.
osmosis: the passage of a liquid from a weak solution to a more
concentrated solution across a semi-permeable membrane that allows passage
of the solvent (water) but not the dissolved solids.
outcrop: exposed at the surface. The Edwards limestone outcrops in its
recharge zone.
outfall: the place where a wastewater treatment plant discharges
treated water into the environment.
outwash: a deposit of sand and gravel formed by streams of meltwater
flowing from a glacier.
overbank flows: the component of an instream flow regime that
represents infrequent, high flow events that exceed the normal channel. These
flows maintain riparian areas and provide lateral connectivity between the river
channel and active flood plain. They may also provide life-cycle cues for various
species.
overdraft: pumping water from a groundwater basin or aquifer in excess
of the supply flowing into the basin; results in a depletion or “mining” of the
groundwater in the basin.
overflow rate: one of the guidelines for design of the settling tanks and
clarifiers in a treatment plant.
overland flow: a land application technique that cleanses wastewater by
allowing it to flow over a sloped surface. As the water flows over the surface,
contaminants are absorbed and the water is collected at the bottom of the slope
for reuse.
oxbow: a U-shaped bend in a river or stream that may or may not be cut
off from the mainstem.
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oxbow lake: a U-shaped water body formed when a meander bend is
cut off from the mainstem of a river or stream to create a lake.
oxygen demanding waste: organic water pollutants that are usually
degraded by bacteria if there is sufficient dissolved oxygen (DO) in the water.
P
paravane: device used to cut underwater cables.
pathogen: microorganisms which can cause disease.
peak flow: in a wastewater treatment plant, the highest flow expected to
be encoutered under any operational conditions, including periods of high
rainfall and prolonged periods of wet weather.
Peclet number: the relationship between properties of the mesh, fluid
velocity, and eddy viscosity for a hydraulic computer model.
pentachorophenol:

toxic

substance

usually

used

as

a

wood

preservative.
perched water table: groundwater standing unprotected over a confined
zone.
perchloroethylene: a chlorinated solvent commonly used in dry cleaning.
Also known as tetrachloroethylene.
percolation: the movement of water through the subsurface soil layers,
usually continuing downward to the groundwater or water table reservoirs.
percolating waters: waters passing through the ground beneath the
Earth's surface without a definite channel.
perfected water right: a water right which indicates that the uses
anticipated by an applicant, and made under permit, were made for beneficial
use. Usually it is irrevocable unless voluntarily canceled or forfeited due to
several consecutive years of nonuse.
perennial stream: one that flows all year round. Compare intermittent
stream.
permeability: the ability of a water bearing material to transmit water. It
is measured by the quantity of water passing through a unit cross section, in a
unit time, under 100 percent hydraulic gradient.
petroleum derivatives: chemicals formed when gasoline breaks down in
contact with water.
pH: numeric value that describes the intensity of the acid or basic
(alkaline) conditions of a solution. The pH scale is from 0 to 14, with the neutral
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point at 7.0. Values lower than 7 indicate the presence of acids and greater
than 7.0 the presence of alkalis (bases). Technically speaking, pH is the
logarithm of the reciprocal (negative log) of the hydrogen ion concentration
(hydrogen ion activity) in moles per liter.
phenolphthalein alkalinity: the alkalinity in a water sample measured by
the amount of standard acid needed to lower the pH to a level of 8.3 as
indicated by the change of color of the phenolphthalein from pink to clear.
phenols: organic compounds that are byproducts of petroleum refining;
tanning; and textile, dye, and resin manufacturing. Low concentrations cause
taste and odor problems in water; higher concentrations can kill aquatic life and
humans.
phenotypic plasticity: the ability of an organism to alter its shape or
lifecycle in response to its environment, such as the availability of water.
phosphorous: a plant nutrient that can cause an overabundance of
bacteria and algae when high amounts are present, leading to a depletion of
oxygen and fish kills. High levels of phosphorous in water are usually caused by
agricultural runoff or improperly operating wastewater treatment plants. Also
see nitrogen.
phreatic: of, like or pertaining to underground water supplying or wells.
phreatic zone: the area in an aquifer in which relatively all pores and
fractures are saturated with water. The phreatic zone may fluctuate with
changes of season and during wet and dry periods. Compare vadose zone.
phreatophytes: plants that send their roots into or below the capillary
zone to use ground water.
physical weathering: breaking down of parent rock into bits and pieces
by exposure to temperature and changes and the physical action of moving ice
and water, growing roots, and human activities such as farming and
construction. Compare chemical weathering.
physiographic province: an area with similar characteristics based on
geology, soil type, and topography.
phytoplankton: free-floating, mostly microscopic aquatic plants.
piezometer: a nonpumping well, generally of small diameter, for
measuring the elevation of a water table.
piezometric surface: the imaginary surface to which groundwater rises
under hydrostatic pressure in wells or springs.
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plankton: microscopic floating plant and animal organisms of lakes,
rivers, and oceans.
plash: dash of water.
plate tectonics: refers to the folding and faulting of rock and flow of
molten lava involving lithospheric plates in the earth's crust and upper mantle.
plemyrameter: instrument for measuring variations in water level.
pliofilm: thin waterproof transparent sheet used for packaging.
plug: cement, grout, or other material used to fill and seal a hole drilled
for a water well.
plug flow: type of flow that occurs in tanks, basins, or reactors when a
slug of water moves through without ever dispersing or mixing with the rest of
the water flowing through.
plume: the area taken up by contaminant(s) in an aquifer.
pluvial: pertaining to precipitation.
podoscaph: pedalled boat; canoe-shaped float attached to feet for
walking on water.
polynia: open water amid sea ice.
point source: source of pollution that involves discharge of wastes from
an identifiable point, such as a smokestack or sewage treatment plant. Compare
nonpoint source.
point velocity: velocity measured at a single point in the water column of
flowing water. Compare mean column velocity.
pollution: undesireable change in the physical, chemical, or biological
characteristics of the air, water, or land that can harmfully affect the health,
survival, or activities of human or other living organisms.
polychlorinated biphenyls (PCBs): toxic industrial chemical compound
substances that were used in the manufacture of plastics and as insulating
fluids in electrical transformers and capacitors. Banned since 1979, PCBs
continue to be found in fish/animals.
pond: a body of water usually smaller than a lake and larger than a pool
either naturally or artificially confined.
poromeric: permeable to water vapour.
porous: something which allows water to pass through it. Compare
nonporous.
potable: suitable, safe, or prepared for drinking. Compare non-potable.
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potentiometric surface: the surface to which water in an aquifer can rise
by hydrostatic pressure. For karst aquifers like the Edwards, the potentiometric
surface is not an especially meaningful concept. Every well is different, because
of the complexity of the underground formation with many conduits, caverns,
and different units separated by faults. The potentiometric surface is a more
relevant measure when the aquifer involved is homogenous, such as one
composed of gravel.
potometer: instrument measuring rate at which plants absorb water.
ppb - parts per billion: number of parts of a chemical found in one billion
parts of a solid, liquid, or gaseous mixture. Equivalent to micrograms per liter
(Ug/L).
ppm - parts per million: number of parts of a chemical found in one
million parts of a solid, liquid, or gaseous mixture. Equivalent to milligrams per
liter (mg/L).
precipitate: a solid which has come out of an aqueous solution. (ex., iron
from groundwater precipitates to a rust colored solid when exposed to air).
preservative: a chemical added to a water sample to keep it stable and
prevent compounds in it from changing to other forms or to prevent
microorganism densities from changing prior to analysis.
pretreatment: processes used to reduce, eliminate, or alter the nature of
wastewater pollutants from non-domestic sources before they are discharged
into publicly owned treatment works (POTWs).
price at equilibrium: where supply and demand curves intersect. The
price at equilibrium is what allocates resources.
primary treatment: mechanical treatment in which large solids are
screened out and suspended solids in the sewage settle out as sludge.
Compare secondary treatment, tertiary treatment.
prior appropriation: a doctrine of water law that allocates the rights to
use water on a first in time, first in right, basis.
priority date: the date of establishment of a water right. It is determined
by adjudication of rights established before the passage of the Water Code. The
rights established by application have the application date as the date of
priority.
profundal zone: a lake's deep-water region that is not penetrated by
sunlight.
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psychrolusia: bathing in cold water.
public water system: a system for the provision to the public of water for
human consumption through pipes or other constructed conveyances.

In

Texas, a public water system is one that serves at least 15 service connections
or serve at least 25 individuals at least 60 days out of the year.
publicly-owned treatment works (POTW): a wastewater treatment plant
that is owned by a state, unit of local government or Indian tribe, usually
designed to treat domestic wastewaters. The term also may include devices and
systems used by those entities in the storage, treatment, recycling and
reclamation of municipal sewage or liquid industrial wastes.
puddle: a small pool of water, usually a few inches in depth and from
several inches to several feet in its greatest dimension.
pump: a device which moves, compresses, or alters the pressure of a
fluid, such as water or air, being conveyed through a natural or artificial
channel.
pump station: mechanical device installed in sewer or water system or
other liquidcarrying pipelines to move the liquids to a higher level.
pumped hydroelectric storage: storing water for future use in generating
electricity. Excess electrical energy produced during a period of low demand is
used to pump water up to a reservoir. When demand is high, the water is
released to operate a hydroelectric generator.
pumping test: a test conducted to determine aquifer or well
characteristics.
purge: to force a gas through a water sample to liberate volatile
chemicals or other gases from the water so their level can be measured.
purgeable organics: volatile organic chemicals which can be forced out
of the water sample with relative ease through purging.
Q
qanat: underground tunnel for carrying irrigation water.
quarry water: the moisture content of freshly quarried stone, esp. if
porous.
quicksilver water: a solution of mercury nitrate used in gilding.
quickwater: the part of a stream that has a strong current; an artificial
current or bubbling patch of water just astern of a moving boat.
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R
rain: water drops which fall to the earth from the air.
rain gage: any instrument used for recording and measuring time,
distribution, and the amount of rainfall.
radionuclide: a radioactive particle, man-made or natural, with a distinct
atomic weight number. Can have a very long life as a soil or water pollutant.
radius of influence: the radial distance from the center of a wellbore to
the point where there is no lowering of the water table or potentiometric surface;
the edge of the cone of depression.
rating curve: a graph showing the relationship between water surface
elevation and discharge of a stream or river at a given location. Also called a
stage-discharge curve.
reach: in general, a length of stream with relatively homogenous
characteristics.
recarbonization: process in which carbon dioxide is bubbled into water
being treated to lower the pH.
receiving waters: a river, ocean, stream, or other watercourse into which
wastewater or treated effluent is discharged.
recharge: refers to water entering an underground aquifer through
faults, fractures, or direct absorption.
recharge rate: the quantity of water per unit of time that replenishes or
refills an aquifer.
recharge zone: the area where a formation allows available water to
enter the aquifer. Generally, that area where the Edwards Aquifer and
associated limestones crop out in Kinney, Uvalde, Medina, Bexar, Comal, Hays,
Travis, and Williamson counties and the outcrops of other formations in
proximity to the Edwards limestone, where faulting and fracturing may allow
recharge of the surface waters to the Edwards Aquifer.
reclaimed water: domestic wastewater that is under the direct control of
a treatment plant owner/operator which has been treated to a quality suitable
for a beneficial use.
recruitment: survival of young plants and animals from birth to a life
stage less vulnerable to environmental change.
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recurrence interval: average amount of time between events of a given
magnitude. For example, there is a 1% chance that a 100-year flood will occur in
any given year.
release: as defined by the federal Superfund program, any spilling,
leaking, pumping, pouring, emitting, emptying, discharging, injecting, escaping,
leaching, dumping, or disposing into the environment of a hazardous or toxic
chemical or extremely hazardous substance.
remediation: methods used to remove or contain a toxic spill or
hazardous materials from a Superfund site; a generic term used to describe
cleanup activities.
reserves: amount of a particular resource in known locations that can be
extracted at a profit with present technology and prices.
reservoir: a pond, lake, tank, or basin (natural or human made) where
water is collected and used for storage. Large bodies of groundwater are called
groundwater reservoirs; water behind a dam is also called a reservoir of water.
residual: amount of a pollutant remaining in the environment after a
natural or technological process has occurred.
residual chlorine: the available chlorine which remains in solution after
the demand has been satisfied. Compare chlorine demand.
residual saturation: saturation level below which fluid drainage will not
occur.
residue: the dry solids remaining after the evaporation of a sample of
water or sludge.
resilience: the ability of an ecosystem to maintain or restore biodiversity,
biotic integrity, and ecological structure and processes following disturbance.
Resource Conservation and Recovery Act (RCRA): a federal statute that
requires the safe management and disposal of waste generated nationwide.
RCRA was passed in 1976 as an amendment to the Solid Waste Disposal Act of
1956 and was last amended in 1984. The 1984 amendments are referred to as
the Hazardous and Solid Waste Amendments (HSWA). There are three RCRA
interrelated programs, which include: 1)the Solid Waste Program (Subtitle D)
which sets criteria for municipal solid waste and other non-hazardous waste
disposal facilities and prohibits open dumping of solid waste; 2)the Hazardous
Waste Program (Subtitle C) which manages hazardous waste from the time it is
generated until it is disposed (referred to as cradle to grave); and 3) the
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Underground Storage Tank Program (Subtitle I), which regulates underground
storage, tanks storing petroleum or other hazardous substances.
response variables: environmental features of a river channel on a local
or site-specific scale, such as channel shape, cross-sectional dimensions,
substrate, bank shape, floodplain characteristics, vegetation, and channel
patterns.
retrofitting: installing modern pollution control devices at facilities without
making major changes to the facility’s design.
return flow: surface water that returns to the natural environment after
diversion for beneficial uses, such as for irrigation.
reverse osmosis: a water treatment method whereby water is forced
through a semipermeable membrane which filters out impurities.
rheophile: living or thriving in running water.
rheotaxis: direction of movement by water.
rheotropism: change in orientation or location of an organism due to
running water.
rhysimeter: instrument for measuring speed of current or watercraft.
right of capture: the idea that the water under a person's land belongs to
that person and they are free to capture and use as much as they want. Also
called the "law of the biggest pump".
rill: a small channel eroded into the soil by surface runoff; can be easily
smoothed out or obliterated by normal tillage.
rindle: small watercourse.
riparian water right: the legal right held by an owner of land contiguous
to or bordering on a natural stream or lake, to take water from the source for
use on the contiguous land.
riparian zone: a stream and all the vegetation on its banks.
river: a natural stream of water of considerable volume.
river basin: the area drained by a river and its tributaries.
routing parameters: coefficients that, along with mathematical routing
equations, can be used to estimate the attenuation and lag (time delay)
associated with the movement of flow through a length of stream channel.
runoff: surface water entering rivers, freshwater lakes, or reservoirs.
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S
safe yield: the annual amount of water that can be taken from a source
of supply over a period of years without depleting that source beyond its ability
to be replenished naturally in “wet years.”
saline water: water containing more than 1,000 parts per million (ppm) of
dissolved solids of any type. Compare fresh water.
salinity: amount of dissolved salts in a given volume of water.
salt water intrusion: the invasion of fresh surface or ground water by salt
water. It may be called seawater intrusion if it comes from the ocean.
salts: minerals that cause salinity. Water may pick up salts as it passes
through the air, over and under the ground, or as households and industry use
it.
sand filters: devices that remove suspended solids from a wastewater
treatment plant effluent or water treatment plant product.
sanitary landfill: landfill that is lined with plastic or concrete or located in
clay-rich soils to prevent hazardous substances from leaking into the
environment.
sanitary sewers: underground pipes that carry off only domestic or
industrial waste, not storm water.
saturated zone: the area below the water table where all open spaces
are filled with water under pressure equal to or greater than that of the
atmosphere.
saturation: the condition of a liquid when it has taken into solution the
maximum possible quantity of a given substance at a given temperature and
pressure.
scour: the erosive action of running water in streams, which excavates
and carries away material from the bed and banks. Or, pertaining to a place on
a streambed scoured by running water.
scupper: hole allowing water to drain from ship's deck.
scuttlebutt: cask of drinking water aboard a ship.
seal: the impermeable material, such as cement grout bentonite, or
puddling clay placed in the annular space between the borehole wall and the
casing of a water well to prevent the downhole movement of surface water or
the vertical mixing of artestian waters.
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secondary treatment: second step in most waste treatment systems, in
which bacteria break down the organic parts of sewage wastes; usually
accomplished by bringing the sewage and bacteria together in trickling filters or
in the activated sludge process. Compare primary treatment, tertiary treatment.
Compare primary treatment, tertiary treatment.
sediment: soil particles, sand, and minerals washed from the land into
aquatic systems as a result of natural and human activities.
sediment trapping efficiency: the ratio of sediment retained within the
reservoir to the sediment inflow to the reservoir.
sedimentary cycle: biogeochemical cycle in which materials primarily are
moved from land to sea and back again.
sedimentation: a large scale water treatment process where heavy
solids settle out to the bottom of the treatment tank after flocculation.
seep: a spot where water contained in the ground oozes slowly to the
surface and often forms a pool; a small spring.
seepage: percolation of water through the soil from unlined canals,
ditches, laterals, watercourses, or water storage facilities.
segment: a water body or portion of a water body that is individually
defined and classified. A segment is intended to have relatively homogenous
chemical, physical, and hydrological characteristics.
seiche: periodic side-to-side fluctuation of a body of water.
semi-confined aquifer: an aquifer partially confined by soil layers of low
permeability in which recharge and discharge can still occur.
senescence: the aging process. Sometimes used to describe lakes or
other bodies of water in advanced stages of eutrophication. Also used to
describe plants and animals.
separate sewer: a sewer system that carries only sanitary sewage, not
stormwater runoff. When a sewer is constructed this way, wastewater treatment
plants can be sized to treat sanitary wastes only and all of the water entering
the plant receives complete treatment at all times. Compare combined sewer.
septic system: an on-site system designed to treat and dispose of
domestic sewage. A typical septic system consists of a tank that receives waste
from a residence or business and a system of drainage lines or a pit for disposal
of the liquid effluent that remains after decomposition of the solids by bacteria in
the tank.
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septic tank: underground receptacle for wastewater from a home. The
bacteria in the sewage decopose the organic wastes, and the sludge settles to
the bottom of the tank. The effluent flows out of the tank into the ground through
drain lines.
settleable solids: in sewage, suspended solids that will settle when the
sewage is brought to a quiet state for a reasonable length of time, usually two
hours.
seven-day two-year low flow (7Q2): the lowest average streamflow for
seven consecutive days within a recurrence interval of two years, as statistically
determined from historical data. Used in wastewater discharge modeling and
permitting to estimate the impact of an effluent discharge on a water body under
low-flow conditions.
sewage: The waste and wastewater produced by residential and
commercial sources and discharged into sewers.
sewerage: the entire system of sewage collection, treatment, and
disposal.
shear stress: the frictional force per unit area exerted on a streambed
by flowing water. An important factor in the movement of bed material and
description of habitat for some organisms.
short circuiting: when some of the water in tanks or basins flows faster
than the rest; shortcircuiting may result in shorter contact, reaction, or settling
times than calculated or presumed.
siltation: the deposition of finely divided soil and rock particles upon the
bottom of stream and river beds and reservoirs.
sinking: controlling oil spills by using an agent to trap the oil and sink it to
the bottom of the body of water where the agent and the oil are biodegraded.
skimming: using a machine to remove oil or scum from the surface of
the water.
sleet: precipitation which is a mixture of rain and ice.
slickensides: a smooth striated polished surface produced on rock by
movement along a fault.
slipway: ramp sloping into water for supporting a ship.
sludge: solid matter that settles to the bottom of sedimentation tanks in a
sewage treatment plant and must be disposed of by digestion or other methods
or recycled to the land.
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sludge digester: tank in which complex organic substances like sewage
sludge are biologically dredged. Energy is released and much of the sewage is
converted to methane, carbon dioxide, and water.
slurry: a watery mixture of insoluble matter resulting from some pollution
control techniques.
snow: precipitation in the form of branched hexagonal crystals, often
mixed with simple ice crystals, which fall more or less continuously from a solid
cloud sheet. These crystals may fall either separately or in cohesive clusters
forming snowflakes.
soft water: any water that does not contain a significant amount of
dissolved minerals such as salts of calcium or magnesium.
soil erodibility: An indicator of a soil's susceptibility to raindrop impact,
runoff, and other eroding processes.
soil moisture: the water contained in the pore space of the unsaturated
zone.
sole-source aquifer: an aquifer that supplies 50 percent or more of the
drinking water of an area.
solubility: the amount of mass of a compound that will dissolve in a unit
volume of solution.
solute: any substance derived from the atmosphere, vegetation, soil, or
rock that is dissolved in water.
soil erosion: the processes by which soil is removed from one place by
forces such as wind, water, waves, glaciers, and construction activity and
eventually deposited at some new place.
species composition: that portion of an Index of Biotic Integrity that is a
metric measuring the number and identity of species.
specific conductance: a measure of the ability of a water to conduct an
electrical current. Specific conductance is related to the type and concentration
of ions in solution and can be used for approximating the dissolved solids
concentration in water. In general, for the San Antonio River basin, conductivity
* .6 approximates TDS. People monitoring water quality can measure electrical
conductivity quickly in the field and estimate TDS without doing any lab tests at
all. See TDS.
specific heat: the amount of heat required to raise the temperature of a
kilogram of a substance (water) by 1 degree Celsius.
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specific yield: the amount of water a unit volume of saturated permeable
rock will yield when drained by gravity.
speleothem: structure in a cave formed by deposition of minerals in
water.
spillway: the channel or passageway around or over a dam through
which excess water is diverted.
spray irrigation: application of finely divided water droplets to crops
using artificial means.
spring: an issue of water from the earth; a natural fountain; a source of
a body or reservoir of water.
spring melt/thaw: the process whereby warm temperatures melt winter
snow and ice. Because various forms of acid deposition may have been stored
in the frozen water, the melt can result in abnormally large amounts of acidity
entering streams and rivers, sometimes causing fish kills.
standard solution: any solution in which the concentration is known.
stagnation: lack of motion in water that holds pollutants in place.
stagnicolous: living in stagnant water.
standpipe: cylindrical water storage tank that is taller than its diameter.
state revolving funds (SRF): a program, capitalized in part by federal
funds, that provides low-interest loans for construction of publicly owned
wastewater treatment and water recycling facilities, for implementation of
nonpoint source and storm drainage pollution control management programs,
and for the development and implementation of estuary conservation and
management programs.
static water depth: the vertical distance from the centerline of the pump
discharge down to the surface level of the free pool while no water is being
drawn from the pool or water table.
static water level: elevation or level of the water table in a well when the
pump is not operating; the level or elevation to which water would rise in a tube
connected to an artesian aquifer or basin in a conduit under pressure.
steady-state mass balance: the mathematical concept that the sum of
upstream pollutant loads, each determined by the product of their concentration
times flow, equals a resultant downstream load after mixing.
stockpond: a pond used primarily for watering livestock.
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STORET: a national U.S. EPA computerized data base (Storage and
Retrieval) containing both surface and groundwater chemistry data.
stormwater discharge: precipitation that does not infiltrate into the
ground or evaporate due to impervious land surfaces but instead flows onto
adjacent land or water areas and is routed into drain/sewer systems.
stoup: vessel for holding holy water.
stream: a general term for a body of flowing water.
stream piracy: the tendency of one stream to capture the flow of another
by eroding a channel that intercepts the other stream's flow.
stream power: a measure of energy available to move sediment, or any
other particle in a stream channel. It is affected by discharge and slope.
stream segment: refers to the surface waters of an approved planning
area exhibiting common biological, chemical, hydrological, natural, and physical
characteristics and processes. Segments will normally exhibit common reactions
to external stress such as discharge or pollutants.
streamflow: the discharge that occurs in a natural channel.
sub-basin: in general, a portion of a river basin.
subcritical flow: flow characterized by low velocity and a Froude number
less than 1. When the Froude number is less than 1, gravitational forces are
greater than inertial forces.
sublimation: the transition of water directly from the solid state to the
gaseous state, without passing through the liquid state; or vice versa. Compare
condensation, evaporation.
subsidence: sinking down of part of the earth's crust due to
underground excavation, such as removal groundwater.
subsistence flows: the component of an instream flow regime that
represents infrequent, naturally occurring low flow events that occur for a
seasonal period of time. They maintain water quality criteria and provide
sufficient habitat to ensure organism populations capable of recolonizing the
river system once normal, base flows return.
supercritical flow: flow characterized by high velocity and a Froude
number greater than 1. When the Froude number is greater than 1, inertial
forces are greater than gravitational forces.
supercritical water: a type of thermal treatment using moderate
temperatures and high pressures to enhance the ability of water to break down
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large organic molecules into smaller, less toxic ones. Oxygen injected during
this process combines with simple organic compounds to form carbon dioxide
and water.
supply: a schedule that shows the various quantities of things offered
for sale at various prices at a point in time. Compare demand.
surface impoundment: an indented area in the land's surface, such a pit,
pond, or lagoon.
surface irrigation: application of water by means other than spraying
such that contact between the edible portion of any food crop and the irrigation
water is prevented.
surface water: water that flows in streams and rivers and in natural
lakes, in wetlands, and in reservoirs constructed by humans.
suspended load: specific sediment particles maintained in the water
column by turbulence and carried with the flow of water.
suspended solids: the small solid particles in water that cause turbidity.
Particles of suspended sediment tend to settle at the channel bottom, but
upward currents in turbulent flow counteract gravitational settling.
sustainability: the long-term capacity of an ecosystem to maintain
ecological processes and functions, biological diversity, and productivity.
sustainable management: method of exploiting a resource that can be
carried on indefinitely. Removal of water from an aquifer in excess of recharge
is, in the long term, not a sustainable management method.
sustained overdraft: long term withdrawal from the aquifer of more water
than is being recharged.
swallet: place where water disappears underground.
swamp: a type of wetland dominated by woody vegetation but without
appreciable peat deposits. Swamps may be fresh or salt water and tidal or nontidal.
swape: beam with which water is raised to irrigation ditches.
synthetic organic chemicals (SOCs): man-made organic chemicals. Some SOCs
are volatile, while others tend to stay dissolved in water instead of evaporating.
T
tail water: the runoff of irrigation water from the lower end of an irrigated
field.
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tailings pond: An excavated or diked area that is intended to contain
liquid and solid wastes from mining and milling operations.
tailrace: The channel that is downstream of the draft tube that carries
the water discharged from a turbine. The draft tube is the discharge section of
the turbine.
technology-based treatment requirements: NPDES permit requirements
based on the application of pollution treatment or control technologies including
BTP (best practicable technology), BCT (best conventional technology), BAT
(best available technology economically achievable), and NSPS (new source
performance standards).
terraqueous: amphibious; consisting of land and water.
tertiary treatment: removal from wastewater of traces or organic
chemicals and dissolved solids that remain after primary treatment and
secondary treatment.
thalweg: the line of maximum depth in a stream. The thalweg is the part
that has the maximum velocity and causes cutbanks and channel migration.
thermal gradient: temperature difference between two areas.
thermal pollution: an increase in air or water temperature that disturbs
the climate or ecology of an area.
thermocline: fairly thin zone in a lake that separates an upper warmer
zone (epilimnion) from a lower colder zone (hypolimnion).
threatened species: Under the Federal Endangered Species Act, animal
populations may be determined to be either threatened or endangered.
Populations listed as threatened are less severely depleted than populations
classed as endangered.
threshold pollutant: substance that is harmful to a particular organism
only above a certain concentration, or threshold level.
tidal marsh: low, flat marshlands traversed by channels and tidal
hollows, subject to tidal inundation; normally, the only vegetation present is salttolerant bushes and grasses.
TDS - total dissolved solids: the sum or all inorganic and organic
particulate material. TDS is an indicator test used for wastewater analysis and is
also a measure of the mineral content of bottled water and groundwater. There
is a relationship between TDS and conductivity. In general, for the San Antonio
River

basin,

TDS/.6

approximates

conductivity.

Or,

conductivity

*

.6
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approximates TDS. People monitoring water quality can measure electrical
conductivity quickly in the field and estimate TDS without doing any lab tests at
all. See specific conductance.
Total Maximum Daily Load (TMDL): a calculation of the maximum
amount of a pollutant that a waterbody can receive and still meet water quality
standards, and an allocation of that amount to the pollutant's sources.
toxaphene: chemical that causes adverse health effects in domestic
water supplies and is toxic to fresh water and marine aquatic life.
toxic hot spot: location in enclosed bay, estuary, or any adjacent waters
that has toxic pollution problems in the water or sediment in excess of
applicable standards.
toxic pollutant: those pollutants or combinations of pollutants, including
disease-causing agents, which after discharge and upon exposure, ingestion,
inhalation or assimilation into any organism can, on the basis of information
available, cause death, disease, behavioral abnormalities, cancer, genetic
mutations, physiological malfunctions or physical deformation in such organism
or their offspring. The quantities and exposures necessary to cause these
effects can vary widely.
Toxicity Reduction Evaluation(TRE): a study conducted to determine the
source(s) of toxicity in a discharge effluent so that these sources can be
controlled sufficiently to allow a discharger to comply with their permit limits.
toxicity test: the means to determine the toxicity of a chemical or an
effluent using living organisms. A toxicity test measures the degree of response
of an exposed test organism to a specified chemical or effluent.
Tragedy of the Commons: the idea that no one takes responsibility for
things that everybody owns.
transmissivity: refers to the rate at which limestone allows the
transmission of water. Limestone can be highly porous, but not very
transmissive if the pores are not connected to each other. Technically speaking,
it is the rate at which water is transmitted through a unit width of aquifer under
unit hydraulic gradient. Transmissivity is directly proportional to aquifer
thickness, thus it is high where the Edwards is thick and low where it is thin,
given the same hydraulic conductivity.
transpiration: direct transfer of water from the leaves of living plants to
the atmosphere. Distinguish evapotranspiration.
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transport capacity: the capacity of a river to carry sediment in
suspension or to move sediment along the riverbed.
treatment: any method, technique, or process designed to remove solids
and/or pollutants from solid waste, waste-streams, and effluents.
trickle irrigation: method in which water drips to the soil from perforated
tubes or emitters.
trickling filter: a treatment system in which wastewater is trickled over a
bed of stones or other material covered with bacteria that break down the
organic waste and produce clean water.
tributary: a stream that contributes its water to another stream or body
of water.
trihalomethanes (THM): chemical compounds in which three of the four
hydrogen atoms of methane (CH4) are replaced by halogen atoms. Widely used
in industry as solvents or refrigerants. THMs are also environmental pollutants,
and many are considered carcinogenic. THMs are generally by-products of
chlorination of drinking water that contains organic material.
triphibious: taking place on land, in air, and in water.
trophic composition: that portion of an Index of Biotic Integrity that is a
metric measuring the proportion of species and proportions of omnivores,
insectivores, and omnivores.
trophic structure: the feeding relationships among species within a food
web.
troposphere: the layer of atmosphere closest to the Earth, extending
seven to ten miles above the surface, containing most of the clouds and
moisture.
tube settler: device using bundles of tubes to let solids in water settle to
the bottom for removal by conventional sludge collection means. Sometimes
used in sedimentation basins and clarifiers to improve particle removal.
tuberculation: development or formation of small mounds of corrosion
products on the inside of iron pipe. These tubercles roughen the inside of the
pipe, increasing its resistance to water flow.
turbid: thick or opaque with matter in suspension. Rivers and lakes may
become turbid after a rainfall.
turbidimeter: a device that measures the cloudiness of suspended solids
in a liquid; a measure of the quantity of suspended solids.
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turbidity: a cloudy condition in water due to suspended silt or organic
matter.
turncock: valve for regulating water flow.
U
USGS: United States Geological Survey
unclassified waters: those waters for which no classification has been assigned
and which have not been identified in Appendix A of 31 Texas Administrative
Code, Chapter 307.10 of Title 31 (relating to definitions).
unconfined aquifer: an aquifer containing water that is not under
pressure; the water level in a well is the same as the water table outside the
well. Compare confined aquifer.
unconsolidated formations: naturally occurring earth formations that
have not been lithified. Alluvium, soil, gravel, clay, and overburden are some of
the terms used to describe this type of formation.
undercurrent: a current below the upper currents or surface of a fluid body.
underdrain: a concealed drain with openings through which the water
enters when the water table reaches the level of the drain.
underflow: movement of water through subsurface material.
undertow: the current beneath the surface that sets seaward or along
the beach when waves are breaking on the shore.
underwater: under the surface of the water; lying, growing, performed,
worn, or operating below the surface of the water, as underwater caverns,
underwater operation of a submarine.
undine: female water spirit.
unsaturated zone: the area above the water table where soil pores are
not fully saturated, although some water may be present.
upflow: an upward flow.
urban runoff: storm water from city streets and adjacent domestic or
commercial properties that carries pollutants of various kinds into the sewer
systems and receiving waters.
V
vadose zone: the zone between land surface and the water table where
the moisture content is less than saturation (except in the capillary fringe) and
pressure is less than atmospheric. Soil pore space also typically contains air or

126

other gases. The capillary fringe is included in the vadose zone. Compare
phreatic zone.
validation: comparison of computer model results with a set of data that
were not used for calibration.
vapor plumes: flue gases that are visible because they contain water
droplets.
vauclusian: of a spring in which water is expelled by artesian pressure.
vegetative controls: non-point source pollution control practices that
utilize vegetative cover to reduce erosion and minimize loss of pollutants.
vested water right: the right granted by a state water agency to use
either surface or ground water.
virgin flow: the streamflow which exists or would exist if man had not
modified the conditions on or along the stream or in the drainage basin.
void: the pore space or other openings in rock. The openings can be
very small to cave size and are filled with water below the water table.
volatile organic compounes (VOCs): a group of chemicals that react in
the atmosphere with nitrogen oxides, heat and sunlight to form ozone; VOCs
are referred to as hydrocarbons.
volatility: the tendency of a liquid to evaporate.
W
waftage: transportation through water or air.
wasteload allocation: term used in conjunction with the TMDL Program,
a WLA is the portion of a receiving water’s loading capacity that is allocated to
one of its existing or future point sources of pollution. Discharge limits are
usually required for the specific water quality criterion addressed by the TMDL.
wastewater: water containing waste including greywater, blackwater or
water contaminated by waste contact, including process-generated and
contaminated rainfall runoff.
water: the liquid that descends from the clouds as rain; forms streams,
lakes, and seas, and is a major constituent of all living matter. It is an odorless,
tasteless, colorless, very slightly compressible liquid.
water availability model: a numerical surface water flow model used to
determine the availability of surface water for water right permitting.
water column: an imaginary column extending through a water body
from its floor to its surface. Ambient water quality monitoring programs may
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seek to quantify the water quality of a representative water column. Samples
may be taken from a point or points throughout the depth of the water column.
water cycle: natural pathway water follows as it changes between liquid,
solid, and gaseous states; biogeochemical cycle that moves and recycles water
in various forms through the ecosphere. Also called the hydrologic cycle.
water pollution: degradation of a body of water by a substance or
condition to such a degree that the water fails to meet specified standards or
cannot be used for a specific purpose.
water purveyor: a public utility, mutual water company, county water
district, or municipality that delivers drinking water to customers.
water quality: the chemical, physical, biological, radiological, and thermal
condition of water.
water quality-based toxics control: an integrated strategy used in
NPDES permitting to assess and control the discharge of toxic pollutants to
surface waters. There are two approaches: the whole-effluent approach
involves the use of toxicity tests to measure discharge toxicity; the chemical
specific approach involves the use of water quality criteria or State standards to
limit specific toxic pollutants directly.
water quality criteria: scientifically derived ambient limits developed and
updated by EPA, under section 304(a)(1) of the Clean Water Act, for specific
pollutants of concern. Criteria are recommended concentrations, levels, or
narrative statements that should not be exceeded in a waterbody in order to
protect aquatic life or human health.
water quality standards: laws or regulations, promulgated under Section
303 of the Clean Water Act, that consist of the designated use or uses of a
waterbody or a segment of a waterbody and the water quality criteria that are
necessary to protect the use or uses of that particular waterbody. Water quality
standards also contain an antidegradation statement. Every State is required to
develop water quality criteria standards applicable to the various waterbodies
within the State and revise them every 3 years.
water recycling: the treatment of wastewater making it suitable for reuse.
water solubility: the maximum possible concentration of a chemical
compound dissolved in water.
water-soluble substance: a substance that can readily disperse through
the environment.
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water supplier: one who owns or operates a public water system.
water surface elevation: the elevation of a water surface above or below
an established reference level, such as sea level.
water table: level below the earth's surface at which the ground
becomes saturated with water. The surface of an unconfined aquifer which
fluctuates due to seasonal precipitation.
water table aquifer: an aquifer confined only by atmospheric pressure
(water levels will not rise in the well above the confining bed).
water well: any artificial excavation constructed for the purpose of
exploring for or producing ground water.
Water Year: a division based on a general pattern of annual wet and dry
periods rather than a calendar year. In Texas, the Water Year is from October 1
through September 30. The Water Year is designated by the calendar year in
which it ends. Thus, the year ending September 30, 2009 is called the 2009
Water Year.
waterage: fee paid for travelling on water.
waterfall: a sudden, nearly vertical drop in a stream, as it flows over rock.
waterish: resembling or filled with water; insipid or diluted.
waterlines: ancient and barely perceptible trails in the Ameican desert
southwest that lead to water sources.
waterlogging: saturation of soil with irrigation water so the water table
rises close to the surface.
waterman: boatman or ferryman.
watermaster: An employee of a water department who distributes
available water supply at the request of water right holders and collects
hydrographic data.
watershed: land area from which water drains toward a common
watercourse in a natural basin.
watershed approach: a coordinated framework for environmental
management that focuses public and private efforts on the highest priority
problems within hydrologically defined geographic areas.
watershed management: sater resource protection, enhancement, and
restoration. Ideally, watershed management means developing a solution for
each watershed that considers all its problems, includes all stakeholders in
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defining the problems, proposing solutions, and participating in implementing a
common solution.
waterworks: collection of wells, pipes, tanks, and other equipment and
appurtenances that comprise a water delivery system.
weather: day to day variation in atmospheric conditions. Compare climate.
weir: a wall or plate placed in an open channel to measure the flow of
water; a wall or obstruction used to control flow from settling tanks and clarifiers
to ensure a uniform flow rate and avoid short-circuiting.
well: a bored, drilled, or driven shaft or a dug hole whose depth is
greater than the largest surface dimension and whose purpose is to reach
underground water supplies or oil or to store or bury fluids below ground.
wellfield: area containing one or more wells that produce usable
amounts of water or oil.
well injection: the subsurface placement of fluids into a well.
well monitoring: measurement by on-site instruments or laboratory
methods of well water quality.
well plug: a seal installed in a borehole or well preventing movement of
fluids.
wellhead protection area: a protected surface and subsurface zone
surrounding a well or well field supplying a public water system to keep
contaminants from reaching the well water.
wetland: area that is regularly wet or flooded and has a water table that
stands at or above the land surface for at least part of the year, such as a bog,
pond, fen, estuary, or marsh.
wettability: the degree to which a fluid will spread into or coat a solid
surface in the presence of other fluids into which it will not dissolve.
wettable powder: dry formulation that must be mixed with water or other
liquid before it is applied.
whole-effluent toxicity: the aggregate toxic effect of an effluent measured
directly by a toxicity test.
winterbourne: intermittent spring of water.
X
xanthometer: instrument for measuring colour of sea or lake water.
xeransis: drying up.
xeric: dry; lacking in moisture.
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xeriscape: creative landscaping for water and energy efficiency and
lower maintenance. The seven xeriscape principles are: good planning and
design; practical lawn areas; efficient irrigation; soil improvement; use of
mulches; low water demand plants; good maintenance.
xerophily: adaptation to very dry conditions.
xerophobous: having little capacity to withstand drought.
xerophyte: plant adapted for life and growth with a limited water supply.
xerophytic: able to withstand drought.
Y
yield: the quantity of water expressed either as a continuous rate of flow
(cubic feet per second, etc.) or as a volume per unit of time. It can be collected
for a given use, or uses, from surface or groundwater sources on a watershed.
Z
zone of aeration: a region in the Earth above the water table. Water in
the zone of aeration is under atmospheric pressure and will not flow into a well.
zone of saturation: the space below the water table in which all the
interstices (pore spaces) are filled with water. Water in the zone of saturation is
called groundwater.
zooplankton: tiny aquatic animals eaten by fish.

131

Lesson 16 Vocabularies of Agribusiness
Objectives
 Students will learn various vocabularies in Agribusiness and use the
terminologies in the given situations below.

Contents
16.1

The meaning of Agribusiness
Agribusiness is the various businesses that are connected with

producing, preparing, and selling farm products.

16.2

How to Start an Agribusiness
by Denise Brown, Demand Media

Photo 8
Source: Irrigation equipment is just one example of the many agribusiness

opportunities available.
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Agribusiness is much more than just farming the land or producing
animals. Many agribusinesses buy or sell their products directly to farmers, but
other types of agribusinesses provide services that keep farmers in business.
As you start any type of agribusiness, research your market so you can have a
profitable agribusiness start-up.
Step 1
Determine what products or services you are going to sell. Create a
business plan that allows you to project the profits you intend to make over a
number of years. Include in this plan any expenses from supplies, licenses,
insurance and other operating costs. Figure in the costs of purchasing or
leasing land for your agribusiness start-up as well as any buildings you need.
Also include the costs of any equipment necessary in the operation of your farm
business. From these expenses, determine how much money you might need to
borrow to get your business started.
Step 2
Seek financing from a bank or other lending institution that offers
agribusiness loans. Use the information from your business plan to help you get
the loan. If you have the capital to start the business without a bank loan, omit
this step.
Step 3
Acquire any business licenses you need to operate in your state from
the Secretary of State's office. Register the name of your business and apply
for a tax number from the same office. If you plan to operate the business as a
limited liability company or corporation, fill out the paperwork at the Secretary of
State's office as well. Fill out applications to operate your business inside city
limits with the city clerk's office.
Step 4
Apply for any special licenses you may need at the state and federal
level. For example, you may need a chemical applicator's license if your
business sprays weeds with herbicides. You might need special permits for
disposing of farm wastes from the state's department of natural resources.
Step 5
Set up your business on the land you purchased or leased. Build or
adapt existing buildings to suit the purposes of your business. Purchase the
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materials you plan to sell to your customers and stock shelves. Buy enough
property and liability insurance to cover your assets.
Step 6
Develop a marketing plan for your agribusiness start-up that clearly
identifies you and your business with a brand or logo. Identify your market and
ways you can reach your customers. Think long term as well as short term as
you plan marketing strategies. Look for ways to advertise your brand that bring
you the biggest return on your marketing dollar. Place ads in newspapers, radio
and television, but also hang flyers on bulletin boards in places where potential
customers do business. Hire someone to create a website for your
agribusiness.
Step 7
Hire employees. While no special training is necessary for most
agribusiness employees, exceptions may exist. Hire people capable of carrying
heavy loads if you are selling products sold in 50-lb. bags. Choose employees
capable of passing tests necessary to obtain any special operator licensing,
such as to operate a field sprayer.

16.3

Steps to Improve the Promotion of Investment into Agribusiness
Understanding competitiveness and capacity to attract
agribusiness investment
Understand in detail in which sectors and sub-sectors your location is

competitive for investment. Gather relevant benchmarked data to illustrate the
sector's competitiveness vis-à-vis other competing locations. For example,
perhaps undertake a SWOT analysis of the agribusiness sector to determine
promising subsectors. Narrow the list of subsectors to no more than 10, and
focus on the most promising three. External specialist expertise may help the
IPI staff understand these subsectors and the key factors that investors need
during site selection.
Identify and gather key information to illustrate and promote for investment
1. Assess internal staff capacity, identify weaknesses in agribusiness
knowledge, and train or recruit staff with sector expertise.
2. Gather and analyze information on relevant topics, such as land
availability (ownership, transfer, titling, and leasing), labor force, infrastructure,
power, and so on. Consult external data sources such as the United Nations'
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Food and Agriculture Organization for help understanding the social and
environmental issues that must be factored into land decisions. Partner with
national, regional, and local governments and communities to find appropriate
land and ensure that proper procedures are followed for land transfers or
leases.
3. Conduct a similar analysis for water rights and usage. Because
water is not as localized an issue as land, IPIs should apply even more effort to
understanding how investment-related water use in one part of the economy
may affect water availability in other parts.
4. Ensure that you have partnerships in place, in both government
and the private sector, to get investors the information and contacts they need.
Implement best practice investment facilitation
1. Apply general best practice standards to every aspect of
promotion. Any promotion activity deemed critical for the IPI's work overall must
be implemented with the highest standards. Consider adapting what worked for
GIPB 2012's best practice IPIs to your own operations. A good example of this
is the Rwandan horticulture taskforce (see Box 9). It put in place a simple
mechanism to track communications with interested investors and record the
next steps required to move the project forward. This mechanism helps the task
force manage the pipeline of investment prospects more effectively and
maximize efforts to convert some of these leads into actual investments.
2. Look for ways to increase the linkages between foreign
investment projects and local producers and service providers in order to
maximize the project's positive impact on local development and further anchor
the investor in the location. Foreign companies need to know that agribusiness
investments are valued as highly as investments in high-tech sectors.
Enthusiastic promotion will encourage investors to deepen their ties to the
country by expanding production and employment over time.
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