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The original concept of The Users’ Guide was to provide Irrigation Best Management
Practices (BMPs) for the state’s agricultural industry. However, because of the diversi-
ty of Maine crop irrigation methods and regional water resources, the Maine
Agricultural Water Management Advisory Committee (MAWMAC) decided in 2002
that the best first step was to develop a generic irrigation guide. The Maine Department
of Agriculture, Food and Rural Resources (MDAFRR) had established MAWMAC to
develop sustainable irrigation policy and action plans. The Committee’s task was to
create a guide that individual agricultural commodity groups in Maine could use as a
basis for developing specific BMPs for their crops and region of the state. The
Committee worked closely with the Central Aroostook Soil and Water Conservation
District (CASWCD) to develop The Users’ Guide. 

The intent of The Users’ Guide to Crop Irrigation in Maine is to provide Maine growers
with an irrigation information clearinghouse. This guide is designed to serve the mem-
bers of the State’s agricultural community who are currently irrigating or are consid-
ering irrigation and seeks to help growers accomplish these goals:

• to gain information about irrigation that will contribute to 
the economic viability of their crop, and

• to manage and use water sources for irrigation in an efficient, 
cost-effective and environmentally responsible manner, keeping 
the environmental impact to a minimum.

Before growers make an investment in an irrigation system or an upgrade, they need
answers to the following basic questions:

• who to contact for information, services and/or equipment, 
• how much water is needed for their crop or field,
• how to assess and develop sufficient and sustainable water sources,
• how to keep on top of the regulations and permitting procedures

that need to be followed when using or developing water sources,
• how to select the appropriate irrigation system for their crop 

or field, and
• how to schedule irrigation and conserve water.

SECTION 1
1-2 Why Irrigation is Needed
1-3 Maine’s Irrigation 

Challenges
1-4 History of Irrigation in 

Maine
1-5 Future of Irrigation in  

Maine
1-6 The Decision to Irrigate
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This guide is a starting point for growers to establish irrigation systems and practices
that will benefit their business as well as the public interest. 

Why Irrigation Is Needed

In Maine, irrigation is practiced primarily to provide crops with water to supplement
deficiencies in precipitation. This provides two critically important economic benefits: 

1.  Protection from crop loss or damage due to weather-related fac-
tors, with drought and frost being the primary risks.

Irrigation can reduce the risks associated with drought to the maxi-
mum extent practicable and economically feasible for each individ-
ual grower. Natural rainfall can be unpredictable; water must be
available in sufficient quantity, of desired quality and at the opti-
mum times during the growing cycle. Drought episodes in the last
part of the 1990s in Maine established drought as a higher risk
than previously considered. Additionally, irrigation is useful for
protection against frost, a major risk to many Maine crops.

2.  Protection in the marketplace, to help the grower stay competitive
by meeting the increasing demands by consumers and processors
for consistency, quality and quantity of the product. Repeated
years of low crop yield or reduced quality due to drought could
result in the loss of long-term contracts with major processors.
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Supplemental irrigation has many benefits for crop growth, yield, and quality, including:

•   Crop Establishment. Recently transplanted or seeded crops require
water for seedbed activation, root establishment and/or germina-
tion, especially broccoli, carrots, rutabaga, tree fruits and nuts,
berry crops, grapes, nursery stock and other field vegetables. 

•   Plant Growth and Vigor. Plants require water for all phases of
growth, including cell division, cell elongation, photosynthesis and
transpiration during the growing season. It is the process of tran-
spiration that provides a cooling effect to the crop as it grows. 

•   Flower Setting and Fruit Development. Adequate water supply
enhances fruit and flower bud formation (feathering young trees),
flowering, fruit set and fruit sizing.

•   Crop Quality. The flavor, appearance and post-harvest attributes of
certain fruits and vegetables can be improved with water-efficient
irrigation. This is especially true for potatoes in Maine, where timing
of irrigation will enhance development and postharvest storability.
The major potato processors in Maine view favorably those growers
with the ability to provide uniform quality. In some situations, some
fruit and vegetable crops may not respond positively to irrigation
water in terms of flavor or sugar development. (This may be cultivar-
and soil type-specific.)

Other potentially high-value crops such as fruits, wild blueberries, sod, and nursery
stock must be of top quality to win acceptance in the marketplace. Attaining quality
requires timely management decisions—especially of crop production inputs. 

Maine’s Irrigation Challenges
Wild blueberry growers in Maine’s Downeast region, after investing two years in grow-
ing a crop, can face a 30 to 100 percent reduction in crop yield if drought occurs in
either crop year. In Aroostook County, growers know that the quality and appearance
of their potatoes can be improved with water-efficient irrigation during short-term
drought. Major potato processing plants in Maine have high standards for quality, and
growers have learned that supplemental irrigation helps their product to achieve a con-
sistently uniform quality with good processing characteristics. In addition, the timing
of irrigating potato fields can be crucial to post-harvest storability. Without supple-
mental irrigation, potato growers risk major losses in 3 out of 10 years of harvest due
to drought. Other crops, such as strawberries and nursery crops, would be uneconom-
ical to grow at all without an adequate source of water.

In surveys conducted by the Maine State Department of Agriculture in the late 1900s
and early 2000s, growers ranked irrigation as one of the most important technologies
needed to keep them in business in the next five years. Many growers interviewed
believe the cost associated with installing an irrigation system is justified not only for
increased quality and yield of crops, but to protect from partial or total crop failure.  
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Other growers stated they might go out of business in the next five years if they did not 
adopt irrigation. These facts are supported by Census of Agriculture data from the U.S.
Department of Agriculture (USDA). For the period 1995-2000, growers who irrigated
some or all of their cropland represented the net gain of farms in the state. The farms
that were not irrigating represented the net loss. The irrigating farms reportedly
increased the market value of products sold per farm by an average of $8,318 per farm
(USDA Census of Agriculture, Table 10). 

Nearly every crop grown in Maine can benefit from irrigation to improve the quality
and quantity of the product. As one farmer explained, “irrigation is as important to
maintaining farms as snowmaking is to maintaining the ski industry.” (from Growing
Agriculture, App. 2, MAWMAC, 2003). For many agricultural producers, the economic
risks associated with a potential lack of water are substantial, and a lack of access to
water can spell the difference between a profitable harvest and financial loss. 

History of Irrigation in Maine
Irrigation of agricultural crops in Maine dates back to the late 1950s and early 1960s
with the wild blueberry industry in Washington County, but did not begin in earnest
until the early 1990s. In Aroostook and Penobscot counties, irrigation technology
began to be used on potato crops in the early 1970s. Irrigation of potatoes and broccoli
became more widespread in Aroostook County in the 1980s. Irrigation is presently
used on other vegetable and fruit crops elsewhere in the State.

1 — 4
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The growth in irrigation correlates to irrigation research documenting its benefits.
Some of the more notable research includes: University of Maine studies on irrigation
benefits to fruit trees (1970s); U.S. Army Corps of Engineers, St. John River Basin
Cropland Irrigation and Conservation Research/Demonstration Program Feasibility
Report (1980s); University of Maine irrigation experiments at the agriculture and
forestry experiment stations in Presque Isle at Aroostook Farm, and in Jonesboro at
Blueberry Hill Farm (late 1980s and early 1990s); research by private growers and
processors, such as irrigation trials conducted by McCain Food LTD. in the St. John
Watershed, in neighboring New Brunswick, Canada; and recent plant demand research
by growers in the Downeast region. Ongoing research throughout Maine continues to
demonstrate the benefits of irrigation, while refining data on plant water demand, irri-
gation methods, irrigation management and crop benefits. 

Future of Irrigation In Maine
Statistics from the 1997 U.S. Census of Agriculture and 2002 MDAFRR Water Use
Survey (MAWMAC, 2003) indicate that the practice of irrigation is on the rise in
Maine. From 1992 to 1997, the number of acres irrigated rose from approximately
10,000 to 22,000 acres. The 2002 MDAFRR survey shows that growers were irrigating
nearly 29,000 acres by 2002. Informal surveys conducted in the fall of 1999 at various
agricultural forums and information developed from the Atlantic Salmon Conservation
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Water Use Plan (2000) support the results of the 2002 MDAFRR survey that in five
years (by 2007), irrigation on farms could increase by an additional 22,000 acres. To
meet this demand, water sources, above and beyond rivers, streams and lakes, will need
to be developed to meet irrigation needs in an environmentally sustainable manner. 

The results of irrigation studies previously mentioned point to the solid benefits of
supplemental irrigation. Supplemental irrigation appears to be one of the most effec-
tive tools available to growers for warding off the risks faced by agriculture in the
northeast, and at the same time providing the needed edge to remain competitive in
the marketplace. The challenges that lie ahead for Maine’s agricultural producers are
to use and manage the state’s natural resources to sustain this valuable sector of
Maine’s economy and way of life, while protecting and maintaining those natural
resources for future generations. 

The Decision to Irrigate
Growers need to conduct their own assessment of what the costs and benefits of irri-
gation are for their specific situations. Irrigation does not suit every operation. Its ben-
efits must outweigh its costs. Growers are advised to consider the factors in the fol-
lowing table before purchasing or modifying irrigation system components. A cost-
benefit analysis can focus on the whole farm or on individual fields within the farm.
The cost to develop an irrigation system is linked to several variables: 

• crop type and acreage
• soil type
• climate
• water resources
• method of irrigation

A grower may choose not to irrigate because of increased costs that outweigh the
potential benefits. For example, a strawberry grower may choose to go without an irri-
gation system because of soils with good moisture-holding capacity. If the operation is
located in a climatically preferred region and on a good site, frost losses totaling a few
thousand dollars in one out of four years may be acceptable compared to an invest-
ment of $50,000 to $100,000.
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FACTORS TO CONSIDER BEFORE CHOOSING TO IRRIGATE

GENERAL CONSIDERATIONS DETAILS

WATER QUANTITY • Sufficient volumes must be available on demand.
• Design should accommodate peak crop needs (for frost 

protection, design should be able to accommodate sev-
eral consecutive nights’ use).

• Strategy should be in place to recharge limited volumes
of water.

WATER QUALITY • Irrigation water must be free of contamination from 
pesticides (herbicides), heavy metals, organic solids, 
salts, nematode and other parasitic organisms.

• Water must be of desirable temperature and pH.

REGULATIONS & LEGAL 
CONSIDERATIONS • These must be complied with before drawing water to 

irrigate.
• See Permitting in Section 6.

CAPITAL AND OPERATING COSTS     • Capital investment and operating costs can vary dra-
matically, depending on system type, power sources, 
usage pattern, crop, field location and maintenance.

LABOR & MANAGEMENT • Irrigation systems demand differing degrees of input.

ENVIRONMENTAL IMPACT • Irrigation should not jeopardize the water cycle of a 
fragile ecosystem, nor interfere with quantity or quality
of flowing water for downstream users and aquatic 
systems.

SAFETY • An irrigation pond poses a potential hazard, especially 
in areas where there is easy access.

• Fencing should be provided, with warning signs posted
in high risk situations.

• Certain irrigation systems may carry an inherently high 
risk while in use, because of high operating pressure or
potentially dangerous electrical energy.

Source: Irrigation Management, Ontario (Canada) Ministry of Agriculture, Food and Rural Affairs, 1995.



Irrigation
Benefits for

Specific Crops
Irrigation management practices listed in this section by type of crop may increase
crop yield, quality, and, where technologically applicable, save water. The tables sum-
marize some of the documented benefits of irrigation for specific crops, including
recommendations for the most appropriate irrigation systems and critical irrigation
periods for irrigated crops from fruit trees to nursery stock. Asterisks indicate the
response benefits of irrigation to that crop. In addition, each table lists critical irriga-
tion periods, commonly used irrigation systems and special considerations. The bene-
fits of supplemental irrigation need to be determined for each irrigator depending on
crops, desired quality and yield, management techniques, and potential water source.

Note: Water requirements are for precipitation and irrigation combined.

FRUIT CROPS  
Rooting Depth

• Varies with soil type, structure 
and rootstock.

Amount of Water Required:
Up to 10 gallons per mature tree per
day  during July and August:

• 1" every 14 days to maintain 
50–100% available soil moisture

• 1"  every week during July and 
August

General Notes on Irrigation for All Fruit

Irrigation improves plant establishment, nutrient use, and bearing area and plant
health. It can also be used for frost control (sprinkler), fertigation and chemigation.

Overhead irrigation is recommended for frost protection, chemigation and evaporative
cooling. Trickle irrigation is more suitable for fertigation than overhead sprinklers, and
will cause fewer infections of scab, fire blight, brown rot, Botrytis fruit rot, etc.  
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Crop Benefit of
Irrigation

Critical
Irrigation

Periods

Commonly
Used

Systems
Considerations

APPLES
**
Low to medium
density on vigor-
ous or semi-vigor-
ous root systems

***
High density sys-
tems (M26, M9
root stocks or
equivalent)

• Increased fruit size and
yield

• More fruit bud initiation
• Less biennial bearing
• Reduces probability of

bitter pit
• Trees are in better con-

dition going into dor-
mancy.

• Better growth and
development of nursery
stock

• Moderation of June
drop

• May–
September
(trickle)

• Bloom
(through cell
division stage)

• Fruit bud initi-
ation (June)

• Fruit swell
(August–
September)

• Traveling gun
• Trickle
• Fixed-volume

gun

• Standard trees usually
require at least 63 gallons
of water per week per tree
to relieve stress during
extended periods of
drought.

• Large volume of water
applied over short time
periods are normally
applied with a gun.

• More important on fully
dwarfing rootstock

• Use short wettings to
avoid scab and fireblight
spread.

• Uniform soil moisture may
reduce bitter pit.

• Moderate or excessive
summer pruning under
drought conditions (with-
out irrigation) may have a
negative effect on crop
volume and finish.

• Do not root prune on
droughty soils unless irri-
gation is available—the
added stress may also
affect winter hardiness.

• Mulch to save water.

* Seldom expect response benefits
** Some response benefits (30-60 percent of time)
*** Expect response benefits most years (75 percent of time)
**** Expect response benefits 9 years out of 10 (90 percent of time)

PEACHES & 
NECTARINES
***

• Less thinning needed
• Fewer split pits
• Less canker
• Less winter injury
• Better hardiness
• Increased marketable

yield

• May–
September
(trickle)

• Pit hardening
through fruit
swell

• Traveling gun
• Trickle
• Fixed-volume

gun

• Maintain 50% available
soil water.

• Irrigation is critical if sod is
established between rows.

• Longer tree life is expected
from season-long irriga-
tion.

• Use trickle or low risers to
avoid spread of brown rot
and bacterial spot.

• Maximum response to irri-
gation can be expected in
the first five years after
planting.

PEARS
***

• Larger fruit and yields
• More fruit bud initiation
• Less biennial bearing
• Increased growth
• More critical in high

density systems

• May–
September
(trickle)

• Bloom
• Fruit bud initia-

tion (July)
• Fruit swell

(July–
September)

• Traveling gun
• Trickle
• Fixed-volume

gun

• Overhead irrigation may
wash psylla residue off,
but may help spread fire-
blight (less risk of fire-
blight with trickle), scab
and leaf spot disease.

• Avoid excessive growth
with balanced nutrition.

• More critical in high densi-
ty systems
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Crop Benefit of
Irrigation

Critical
Irrigation

Periods

Commonly
Used

Systems
Considerations

PLUMS
***

• Larger fruit
• Reduced probability of

heat spot and gummo-
sis

• Reduced winter injury

• May–
September 
• Pit hardening

through fruit
swell

• Traveling gun
• Trickle
• Fixed-volume

gun

• Use short wetting to
reduce spread of brown
rot with overhead irriga-
tion.

• Even soil moisture may
reduce gummosis.

• Thin crop for maximum
response.

CHERRIES
**

• Larger fruit 
• Healthier trees
• Recovery after mechani-

cal harvest

• May –
September 

• Pit hardening
through fruit
swell

• Post harvest

• Traveling gun
• Trickle
• Fixed-volume

gun

• No irrigation after fruit
color to avoid splitting
and brown rot.

• Use short wetting to avoid
lead spot infections with
overhead.

• Irrigate soon after mechan-
ical harvest

APRICOTS
***

• Larger fruit
• Less thinning required
• Less canker
• Reduced winter injury

• May-
September

• Pit hardening
through fruit
swell

• Traveling gun
• Trickle
• Fixed-volume

gun

• Greater risk of spreading
brown rot and bacterial
spot with overhead than
with trickle.

GRAPES
*

• Larger berry size
• Increased vine growth
• Increased yield in some

years
• Increased sugar content

during very dry years
when leaf function may
be limited.

• Berry set
through ripen-
ing period
(veraison)

• Avoid irrigation
after early
September to
maintain sugar
levels and
reduce proba-
bility of late
growth and
winter injury.

• Trickle • More response on clay
soils.

• More response on coarse
soils from larger vines.

• More economical for table
and juice grapes.

• Avoid overhead irrigation,
since it encourages disease
spread, e.g., Downy
mildew, Botrytis bunch
rot, phomopsis.

LOWBUSH
BLUEBERRIES
***

• Plant vigor and health
• Larger fruit
• Increased yields
• Increased root growth

• Bloom (frost
protection)

• Berry sizing
through har-
vest

• Post-mowing
(renovation)

• Hand-move port
• Solid-set

• Avoid wet plants
overnight.

HIGHBUSH
BLUEBERRIES
****

• Plant vigor and health
• Larger fruit
• Increased yields

• May-
September

• Bloom
• Berry sizing

• Traveling gun
• Trickle
• Solid-set

• Avoid wet plants overnight.
• Irrigation critical for estab-

lishment and growth.
• Requires 2” (50mm)/week

during fruit development.
• Use a maximum (9L/day)

per bush.

* Seldom expect response benefits
** Some response benefits (30-60 percent of time)
*** Expect response benefits most years (75 percent of time)
**** Expect response benefits 9 years out of 10 (90 percent of time)
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Crop Benefit of
Irrigation

Critical
Irrigation

Periods

Commonly
Used

Systems
Considerations

RASPBERRIES
***

• Larger fruit
• Taller canes
• Increased yield
• More root growth
• Annual production
• Less winter injury
• Frost protection for fall-

bearing cultivars

• Bloom
• Fruit sizing

through har-
vest

• Primocane
growth

• Traveling gun
• Trickle
• Solid- set

• Avoid wetting plants
overnight.

• High moisture require-
ments

• Keep irrigation off primo-
canes to reduce disease.

• Overhead irrigation can be
used for frost protection in
spring or fall with fall-
bearing cultivars.

OTHER BUSH
BERRIES
***

• Larger fruit
• Larger bushes
• Increased yields

• Bloom
• Fruit sizing

through har-
vest

• Hand-move port
• Traveling gun
• Trickle

• Avoid wet plants overnight
to prevent fruit rot.

• Very responsive to irrigation
• Avoid leaching on sandy

soil.
• Maintain 50-100% avail-

able soil moisture.

STRAWBERRIES
****

• Larger fruit
• Increased yields
• Frost protection
• Re-growth after renova-

tion
• Evaporative cooling

• Bloom (frost
protection)

• Fruit sizing
• Post-renova-

tion

• Trickle
• Traveling gun
• Solid- set
• Hand-move port

• Avoid wetting plants over-
night to prevent fruit rot.

• Very responsive to irriga-
tion

• Avoid leaching on sandy
soil.

• Maintain 50-100% avail-
able soil moisture.

• Irrigation for frost protec-
tion can increase the inci-
dence of bacterial angular
leaf spot since the spread
of this bacterium is favored
by very cool, wet condi-
tions (temperatures near
freezing).

CRANBERRIES
****

• Larger fruit
• Increased yields
• Frost protection
• Regrowth after renova-

tion
• Evaporative cooling
• Winter protection

• Bloom (frost
protection)

• Fruit sizing
• Post-renovation

• Solid-set • Avoid wetting plants
overnight to prevent fruit
rot.

• Very responsive to irriga-
tion

• Maintain 50-100% avail-
able soil moisture.

• Irrigation for frost protec-
tion can increase the inci-
dence of bacterial angular
leaf spot since the spread
of this bacterium is
favored by very cool, wet
conditions (temperatures
near freezing).

* Seldom expect response benefits
** Some response benefits (30-60 percent of time)
*** Expect response benefits most years (75 percent of time)
**** Expect response benefits 9 years out of 10 (90 percent of time)

Source: Irrigation Management, Ontario (Canada) Ministry of Agriculture, Food and Rural Affairs, 1995.



VEGETABLE CROPS: 
SHALLOW-ROOTED 
VEGETABLES

Shallow-rooted Vegetables: rooting depth of
1–2' (0.3-0.6 m) in most soils

Amount Of Water Required:
• Approx. 1" per week during vegetative 

growth
• Approx. 1.5–2.0" per week during 

critical periods

2 — 5

Greenhouse-grown tomatoes 

Crop Benefit of
Irrigation

Critical
Irrigation

Periods

Commonly
Used

Systems
Considerations

BEANS
(Snap & Lima)
**

• Straighter, better quality
pods

• Flowering, pod
set

• Hand-move
port

• Fixed-volume
gun

• Traveling gun
• Low-pressure

boom

• Improper irrigation can
promote mold.

• Irrigate prior to flowering.
• Avoid watering in the

evening. 
• Allow foliage to dry before

night to discourage dis-
eases.

BEET
(Red)
***

• Better quality, better
shaped roots

• Improved seed germi-
nation

• Stand estab-
lishment

• Root enlarge-
ment

• Hand-move
port

• Fixed-volume
gun

• Traveling gun
• Low-pressure

boom

• Uniform moisture required
at all growth stages.

• Boron may be applied
through irrigation if
required.

* Seldom expect response benefits
** Some response benefits (30-60 percent of time)
*** Expect response benefits most years (75 percent of time)
**** Expect response benefits 9 years out of 10 (90 percent of time)

COLE CROPS
e.g., Broccoli,
Brussels
Sprouts,
Cabbage,
Cauliflower
***

• Larger head size, quality
• Prevention of premature

heading (buttoning) of
cauliflower

• Prevents tip burn of
cabbage

• Encourages uniform
seed germinaton

• Head forma-
tion and
enlargement

• Hand-move
port

• Fixed-volume
gun

• Traveling gun
• Low-pressure

boom

• Broccoli seedbeds can be
irrigated to stimulate ger-
mination if soil moisture is
lacking.

• Excess irrigation can pro-
mote tip burn in cabbage,
head rot in cauliflower
and broccoli.

• Boron may be applied
through irrigation if
required.

• Frequent irrigation is
required for cauliflower
grown in warm months to
prevent buttoning.
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Crop Benefit of
Irrigation

Critical
Irrigation

Periods

Commonly
Used

Systems
Considerations

CARROT
****

• Seed germination
• Better quality, longer

roots

• Root enlarge-
ment

• Fixed-volume
gun

• Traveling gun
• Low-pressure

boom
• Sub-irrigation

• High moisture requirement
• Uniformity is important, as

excess moisture causes
cracking and short roots.

CUCUMBER
Muskmelon
Zucchini
***

• Larger fruit
• Less crooked fruit
• Better quality

• Flowering
• Fruit set
• Fruit sizing

• Hand-move port
• Traveling gun
• Fixed-volume

gun
• Trickle

• Fertigation may be used
with trickle to improve
yield.

CELERY
****

• Celery is very suscepti-
ble to drought at all
stages.

• Drought causes black-
heart (calcium-related
breakdown of the cen-
ter of the plant) and
buttoning

• Crop establish-
ment to har-
vest

• Hand-move port
• Traveling gun
• Low-pressure

boom

• Requires approximately 2”
(50mm) weekly

• Celery shouldn’t be grown
without irrigation.

GARLIC
On coarse- tex-
tured soils
****

• Better quality, larger
cloves

• Vegetative
growth, bul-
bing

• Hand-move port
• Traveling gun
• Fixed-volume

gun

• Requires 1-2” (25-50mm)
weekly, especially in hot
weather.

• Avoid watering in the
evening to reduce disease
development.

LETTUCE
****

• Improved germination
of direct-seeded lettuce

• Head forma-
tion and sizing

• Low-pressure
boom

• Hand-move port

• Irrigation important for
seeded lettuce, especially
in hot weather

• Avoid watering in the
evening.

• Allow foliage to dry before
night to reduce disease
development.

* Seldom expect response benefits
** Some response benefits (30-60 percent of time)
*** Expect response benefits most years (75 percent of time)
**** Expect response benefits 9 years out of 10 (90 percent of time)

ONION
***

• Larger bulbs
• More single centers

• Bulbing and
enlargement 

• Hand-move port
• Traveling gun
• Sub-irrigation

•  Requires 1-2” (25-50mm)
weekly

• Avoid watering in the
evening; allow foliage to
dry before night to
reduce disease develop-
ment.

PEPPER & EGG-
PLANT
***

• Larger fruit, better qual-
ity, less sunscald and
blossom-end-rot

• Flowering
• Fruit set
• Fruit sizing

• Hand-move port
• Traveling gun
• Fixed-volume

gun
• Trickle

•  Fertigation may be used
with trickle to improve
yield.
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Crop Benefit of
Irrigation

Critical
Irrigation

Periods

Commonly
Used

Systems
Considerations

POTATO
***

• Better sizing, better
processing quality, 
better appearance

• Tuber forma-
tion and
enlargement

• Traveling gun
• Fixed-volume

gun
• Low pressure

boom
• Center pivot
• Lateral move

•  Irrigation may reduce soil
temperature and improve
tuber set in hot weather.

•  Excess irrigation causes
cracking, hollow-heart,
and higher levels of tuber
diseases.

* Seldom expect response benefits
** Some response benefits (30-60 percent of time)
*** Expect response benefits most years (75 percent of time)
**** Expect response benefits 9 years out of 10 (90 percent of time)

Source: Irrigation Management, Ontario (Canada) Ministry of Agriculture, Food and Rural Affairs, 1995.
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Crop Benefit of
Irrigation

Critical
Irrigation

Periods

Commonly
Used

Systems
Considerations

SWEET CORN
**

• Better pollination, fewer
blank kernels, better
tip-fill

• Tasseling, pol-
lination, ear
filling

• Traveling gun • Irrigation promotes good     
tip fill.

• Maximum 2-3 irrigations 
required in very dry years

TOMATO
(Fresh Market)
***

• Larger fruit, better quali-
ty, less blossom-end-rot, 
less cracking

• Flowering, fruit 
set, fruit sizing

• Hand-move 
portable

• Fixed-volume 
gun

• Traveling gun
• Trickle

• Fertigation may be used 
with trickle to improve 
yield.

• Larger fruit, better quali-
ty, less blossom-end-rot, 
less cracking

• Flowering, fruit 
set, fruit sizing

• Traveling gun
• Low-pressure 

boom

• Beneficial on coarse sandy 
soils; limited benefit on 
loamy soils

TOMATO
(Processing)
**

Source: Irrigation Management, Ontario (Canada) Ministry of Agriculture, Food and Rural Affairs, 1995.

* Seldom expect response benefits
** Some response benefits (30-60 percent of time)
*** Expect response benefits most years (75 percent of time)
**** Expect response benefits 9 years out of 10 (90 percent of time)

VEGETABLE CROPS: 
MEDIUM-ROOTED 

VEGETABLES

Rooting Depth
• 2 – 3.25’ (0.7 – 1.0 m) in most soils

Amount Of Water Required:
• Approx. 1” every 10 days during 

vegetative growth
• Approx. 1.5 – 2” every 10 days during 

critical periods
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PUMPKIN
(Melon, Winter
Squash)
**

• Larger fruit, better 
shape

• Flowering, fruit 
set, fruit sizing

• Traveling gun
• Fixed-volume 

gun
• Hand-move 

portable

• Deep-rooted crops show a 
minimal response to irriga-
tion except in very dry 
season.

• Summer squash may show 
a more definite response 
pattern as it is a medium- 
rooted crop.

* Seldom expect response benefits
** Some response benefits (30-60 percent of time)
*** Expect response benefits most years (75 percent of time)
**** Expect response benefits 9 years out of 10 (90 percent of time)

Source: Irrigation Management, Ontario (Canada) Ministry of Agriculture, Food and Rural Affairs, 1995.

VEGETABLE CROPS: 
DEEP-ROOTED VEGETABLES

Rooting Depth
• 3.25 – 6.5’ (1.0 – 2.0 m) in most soils

Amount Of Water Required:
• Approx. 2” every 14 days 

Crop Benefit of
Irrigation

Critical
Irrigation

Periods

Commonly
Used

Systems
Considerations

ASPARAGUS
*

• Improved seed germina-
tion and seeding estab-
lishment

• Stand establish-
ment 

• Usually no     
response on 
mature aspara-
gus

• Traveling gun
• Fixed-volume 

gun

• Very deep-rooted crop; 
usually no irrigation 
response in mature aspara-
gus

• Irrigation can be used for 
frost control in spring.

• Irrigation sometimes used 
after harvest is complete 
during periods of very dry 
growing conditions
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Source: Irrigation Management, Ontario (Canada) Ministry of Agriculture, Food and Rural Affairs, 1995.

FIELD-GROWN
NURSERY STOCK

Field-grown pine trees

Type of Stock Benefits of
Irrigation

Critical
Irrigation

Periods

Amount
of Water

Commonly
Used

Systems
Considerations

SEED BEDS • Improves seed-
ing germination

• During ger-
mination

• 0.5 – 1”  
per week; 
maintain 
near field 
capacity

• Hand-move 
portable

• Semi- 
permanent

• Solid-set

• Keep soil moist during
seeding germination

• Improves trans-   
plant establish-
ment

• Increases plant 
size

• During and
after trans-
planting 

• 0.5 – 1”  
per week; 
maintain 
near field 
capacity

• Hand-move 
portable

• Traveling 
gun

• Semi- 
permanent

• Solid-set

• Irrigate budding under 
stock prior to budding

• Irrigate post planting
• Irrigate when soils are 

at 50-70% of field 
capacity

LINER BEDS &
ROWS 
(7” ROOTING
DEPTH)

• Maintains         
viability

• Ensures winter 
viability

• Increased insect 
and disease 
resistance

• Increases market-  
ability

• 0.5 – 1”  
per week; 
maintain 
near field 
capacity

• Hand-move 
portable

• Traveling 
gun

• Trickle

• Irrigate post plantingCALIPER TREES
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CONTAINER-GROWN 
NURSERY STOCK

Crop Benefits of
Irrigation

Critical
Irrigation

Periods

Commonly
Used

Systems
Considerations

CONTAINER-
GROWN
SEEDLING

• Improves seeding ger-
mination

• Maintains uniform and 
vigorous growth

• Daily during 
growing sea-
son

• Hand-move port
• Semi-permanent
• Solid-set
• Low-pressure 

boom
• Mist lines
• Hand watering

• Good for a greenhouse or an 
enclosed production area

• Requires careful judgment and 
experience

• Ensure even coverage of water:
each cavity must receive the 
same amount of water.

• Water must have low salts and 
be free of disease organisms.

• Plants vary in response to 
watering.

• Covering cavity with grit will 
help conserve moisture.

• Amount depends on medium, 
temperature, and plant.

• 0.6 gallon watering per con-
tainer four times weekly

• Over-watering should be 
avoided because of potential 
for damping off.

NEWLY 
POTTED &
ESTABLISHED
CONTAINER
STOCK

• Helps nutrient uptake 
from controlled-release 
fertilizers

• Evaporative cooling of 
plants

• Maintains health of 
establishment stock

• Following 
transplanting 
in the fall prior 
to covering 
with poly 
houses

• Can be used to 
leach when 
total salt read-
ings exceed 
3.5

• Daily during 
growing sea-
son

• Trickle
• Solid-set
• Solid-set pulsed 

delivery system

• Good for container of 1–5 gal. 
• Inefficient – only 15-55% of 

water reaches the medium.
To improve efficiency:
• Offsetting spacing of container 

is more efficient than square 
spacing.

• Group plants according to 
their water requirements, pot 
size, rate of growth and age.

• Shift plants into larger contain-
ers before plants have reached 
their maximum canopy size, 
instead of spacing containers

• Use controlled-release fertilizers.
• Using an automated system, 

water is applied in regularly 
timed intervals, e.g., a cycle 
may consist of 4 intervals on 
for 15 minutes, and then off 
for 30 minutes – this allows 
water to percolate through 
the pot (uses 30% less water).
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Crop Benefits of
Irrigation

Critical
Irrigation

Periods

Commonly
Used

Systems
Considerations

CONTAINER-
GROWN 
NURSERY
STOCK

• Maintains rapid and vig-
orous growth

• Reduces or eliminates 
transplant shock

• Daily during 
growing sea-
son

• Solid- set
• Trickle

• Used for containers larger 
than 5 gal. 

• Uses 75% less water than 
overhead irrigation system

• Requires an automated 
system capable of deliver-
ing 0.2–0.4 gal.  per 2-gal. 
container per day

• Still in experimental stage

PROPAGATION
OF NURSERY
STOCK

• Prevents cuttings from 
dehydrating

• Until cuttings 
are rooted

• Solid-set
• Intermittant 

mist lines

• Keep water on the leaves 
to maintain evaporative 
cooling.

• Requires a time clock or 
electronic leaf, interval 
adjusted to crop require-
ments

Source: Irrigation Management, Ontario (Canada) Ministry of Agriculture, Food and Rural Affairs, 1995.

Crop Benefits of
Irrigation

Critical
Irrigation

Periods

Commonly
Used

Systems
Considerations

Source: Irrigation Management, Ontario (Canada) Ministry of Agriculture, Food and Rural Affairs, 1995.

SOD

SOD • Brings turf off dormancy 
to allow sod to be har-
vested

• Moistens root zone prior 
to harvest

• Mid-summer • Center pivot
• Lateral move
• Traveling gun

• Rooting depth: 4–8” 
• Excess irrigation during 

evening or night can pro-
mote disease.

Harvest on a sod farm
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Water Use 
Management

Planning

Planning for water needs is critical to reduce the risk associated with droughts and
frosts, and to improve the quality and quantity of crops. Planning should take into
account the crop’s needs and response along with the environmental concerns. In
addition, knowing the volume and flow rate characteristics of water resources helps to
match the proper water resource to total water needs.

The first step in evaluating the cost benefit of irrigation is the development of a Water
Use Management Plan. The Plan is based on two factors: plant water demand and
available water supply. After determining how much water specific crops demand,
growers are able to develop a water source and select an irrigation system that is the
appropriate size for their business. Armed with this information, growers can compare
capital and labor costs to an estimate of economic benefit (either in increased income
or protection from loss). 

For answers to concerns regarding irrigation management and assistance with the Water
Use Management Plan, growers should contact the U.S. Department of Agriculture-
Natural Resources Conservation Service (USDA-NRCS), consultants and irrigation equip-
ment suppliers (refer to appendices for contact information). A template for a Water Use
Management Plan by USDA-NRCS is in the appendices or can be accessed online at:
http://www.me.nrcs.usda.gov/technical/IrrigationInfo.html.

SECTION 3
3-2  Elements of a Water Use 

Management Plan
3-3  Uses for Irrigation Water
3-5  Irrigation Water Budget
3-6  Water Source    

Considerations
3-7  Natural Flowing Water 

Sources
3-10 Natural Storages
3-13 Man-made Storages
3-17 Groundwater Sources
3-22 Water Source Quantity  

Assessment Consideration
3-23 Components of Assessing 

Irrigation Water Need

http://www.me.nrcs.usda.gov/technical/IrrigationInfo.html
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Elements of a Water Use Management Plan
The Water Use Management Plan combines site-specific and crop-specific conditions
with the individual grower’s needs. Maine possesses significant water resources in
association with its farmlands. The challenge for Maine growers is to manage the water
resource to make sure it is available when needed. This means understanding:

• how much water is needed for the crops produced, 
• what sustainable water resources are available, 
• what the best irrigation system is for the crop and water source.

Concern Questions for the Grower

QUANTITY: Sources
(see Section 4 for more information)

QUANTITY: Equipment
(see Section 4 for further information)

QUANTITY: Timing
(see Section 5 for further information)

QUALITY

FACTORS TO CONSIDER WHEN DEVELOPING A
WATER USE MANAGEMENT PLAN

■ Are aquatic systems being put at risk?
• Large rivers and lakes within reach can supply large amounts

of water, while small watercourses and wetlands have limited
supplies.

• Construction of impoundments, ponds and stream pumps to
facilitate water-taking can disturb watercourses, and ultimate-
ly disrupt the aquatic environment

• In some situations, a minimum suction screen size will pre-
vent destruction of small fish.

• Groundwater supplies may not be sustainable. 
• Cumulative effect of several water-taking projects on a single

groundwater or surface water source must be evaluated. 
• Excessive taking from groundwater may result in contami-

nants traveling from upper groundwater to deeper aquifers. 
• Stands of deeply rooted woody perennials such as apple

orchards or natural woodlots can suffer from drastic changes
in water table depth. 

• Large groundwater-takings can lower levels in wetlands, small
streams, and in nearby wells.

■ Is equipment being maintained and used properly?
• Pressure gauges become unreliable if used for purposes other

than irrigation, e.g., spreading liquid manure.
• Check nozzle wear, sprinkler alignment, pump wear, etc.

■ Is the best available technology being used to conserve water?

■ Is water taking being scheduled to ensure adequate flow
remains?
• Time water applications for desired crop response.
• Avoid impact on aquatic ecosystems and hydrology.

■ Is quality of irrigation water not used by the crop and returned
to the hydrologic (water) cycle good enough for downstream
users, and for reuse?
• Will water from deep groundwater sources, which can con-

tain impurities, have harmful surface water impacts due to
uncontrolled movement?

Source: Irrigation Management, Ontario (Canada) Ministry of Agriculture, Food and Rural Affairs, 1995.



After decisions are made regarding the water budget, water resources, and irrigation
equipment, irrigation scheduling is critical so water can be applied: 

• where needed, 
• when needed for maximum 

impact, and 
• in a way to conserve water. 

Maine Department of Agriculture has an interactive “Water Management Worksheet”
available to download from:

http://www.maine.gov/agriculture/mpd/irrigation/WMPWorksheet_v3.6.xls

The Water Use Management Plan is an important overall planning tool for every grow-
er. In addition, the completed plan may also meet the needs of a permitting agency for
water supply alternatives analysis. The better the understanding of water supply and
demand, the better the cost benefit
analysis, and the greater the potential for
success in developing effective irrigation
systems.

Uses for Irrigation Water 
A grower needs to know what the goal is
for using the water: is it for frost protec-
tion, increasing plant germination,
stand, yield and quality, or for drought
protection only? 

Traditionally, crop irrigation has been
used to augment the natural rainfall in
Maine to prevent crop loss due to
drought. Increasingly, growers and risk
management agencies are promoting irri-
gation to reduce drought risk and reduce
the need for expensive insurance premi-
ums for that risk. Drought is the most
important risk factor in agriculture, fol-
lowed by too much rain as the second
most important risk factor, and frost as
the third (USDA Crop Insurance
Seminar, August 2000). 

Supplying water for crop use is not the
only useful function of an irrigation sys-
tem. It can also be used to apply crop
protection materials to high-value crops.
Frosts, sandblasting and excessive heat
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ELEMENTS OF A WATER USE
MANAGEMENT PLAN

Cost analyses including the cost of water 
supply, equipment, and operation and 
maintenance of the system
Feasibility of irrigation regarding the 
availability of water, crops and varieties irrigated,
soil management, environmental impact, local,
state, and federal permitting, and noise
Water source evaluation Show location,
capacity, and drainage area of existing or 
proposed water sources and state reasons others
were eliminated.
Water management practices to ensure that
the amount of water used for crop irrigation will
be kept to a minimum
Irrigation scheduling method
Soil type
Rotation
Crops to irrigate
Irrigated acres
Consumptive use (in inches per day)
Maximum intake rate (in inches per hour)
Maximum application rate (in inches)
Amount of water required (in acre-feet)
Planned pumping rate
Maximum anticipated seasonal water
needs (in acre-feet)
Type of application equipment including
overall system efficiencies
A soils map with the irrigated acres delineated
on it
A topographic map showing the irrigated
acres and the location of the water source

http://www.maine.gov/agriculture/mpd/irrigation/WMPWorksheet_v3.6.xls


can be controlled in some situations. Also, in selected crops, productivity can be
increased and quality improved by applying crop nutrients with irrigation water
through “fertigation”. Fertigation is normally done using established drip (also known
as micro-irrigation or trickle) systems. 

Due to the increase in research on water use done by universities and private labs,
growers are beginning to utilize targeted supplemental irrigation to: 

•  improve germination, 
•  improve crop quality and yield, 
•  minimize frost damage, 
•  provide heat protection, 
•  protect from sanding,
•  harvest (cranberries and rice), 
•  provide insect control, and 
•  protect from winter desiccation and 

cold injury. 

In Maine, these practices are becoming more
important as competition from the western
United States and international markets require
Maine growers to have top quality crops and effi-
cient operations. 
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Frost protection with irrigation on Maine wild
blueberries.

Cranberry Beds in Washington County
Cranberry production requires large volumes of water on demand for harvest and winter protection.



Irrigation Water Budget
Once the decision is made to irrigate, growers need to establish the amount of water
needed for their various crops. If there are any animals or other water needs, those fac-
tors also have to be figured in to the amount of water to be used. 

Many sources of information exist regarding the par-
ticular needs of crops for irrigation water. The local
Cooperative Extension specialist or university crop
research faculty can also be of assistance. In Maine,
some crops, such as wild blueberries, cranberries,
potatoes and strawberries, have ongoing research
programs to establish when and how much water is
necessary. A rule of thumb is that a crop needs about
1 inch of water per week to maintain adequate soil
moisture to grow. This total water need can be met by
precipitation and supplemented by irrigation when
necessary. For specialized crops, such as cranberries,
sizable amounts of water are needed for special prac-
tices such as flooding for harvest, winter protection,
etc. These water needs all have to be figured into the
irrigation budget.

For standard crop irrigation in the summer, growers
will need to determine an average weekly rainfall
amount for the area from weather records, and then
figure the difference between the rainfall and crop
need to determine the amount to supplement with

irrigation. These records can be found through NOAA weather records or from the
local Cooperative Extension specialist. 

The amount of land to be used for irrigating must be established at this point so that
total water use per year can be determined.

The type of application system to be used and its level of efficiency needs to be deter-
mined and can be very variable, depending on the crop, type of land, topography, etc.
Irrigation technology is improving, responding to growers’ demands for more efficient
systems. Newer systems meet crop needs with more efficient distribution of water.
Gentler application methods help maintain soil structure, avoiding compaction prob-
lems. If an irrigation system is already in place, then an equipment dealer can help
with an analysis of the efficiency of the operation. If a new system is being purchased,
growers should ask for help with the design features for their site, and calculated effi-
ciencies. Information on irrigation systems is included in Section 4. 
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To determine a final figure for
the total irrigation water budget,
for each field unit or pumping
source being considered,

growers need to know . . .

• how much water a crop
needs on a weekly and yearly
basis, 

• how much water is needed
by other farm uses on a
weekly or yearly basis,

• soil type and water holding
capacities (see information in
Section 5, on water intake
rate), 

• the acreage of land to be irri-
gated,

• type of system to be used to
apply the water and the sys-
tem’s level of efficiency. 



Water Source Considerations
The water source selected will depend on local streams, ponds, and lakes, or what can
be constructed, including wells, ponds and impoundments. Part of the planning
process is to evaluate the various potential sources based on location, ability to be per-
mitted (if necessary), and cost. A list of potential water resources and methods of eval-
uation is found in Section 4. 
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Make sure water withdrawals do not
draw down ponds or lakes below a
level not tolerated by others on lake.
Consider needs of nesting waterfowl
and fur-bearing mammals. Also take
prevention measures for noise abate-
ment if other landowners on lake.

Planning Considerations Permitting Issues          Potential Cost and Benefit

Natural Flowing
Water Source:
(Direct withdrawal)

During periods of demand, make sure
water to be withdrawn does not
exceed state standards for low flow.
Use existing flow gauge data when
available.

No permitting needed in organized
townships, if the suction pipe is a
temporary intake. Permits needed in
LURC jurisdiction.

In cases where withdrawal impacts
low flow, voluntary efforts to estab-
lish limits are critical to prevent envi-
ronmental damage.

Lowest cost solution 

Natural Storages:
Existing ponds and
lakes

Permitting requirements the same
for natural flowing water (above).

Low cost, similar to direct with-
drawals

Man-made
Storages:
Dugout Ponds

Locate off stream and in marginal
upland/low value wetlands to mini-
mize impact to wetlands.

No permits required for agricultural
ponds except if in wetlands in
organized townships and will need
permits regardless of wetland impact
in LURC jurisdiction.

Moderate to high cost, but most
protective of crop from risk manage-
ment perspective since amount of
water needed can be engineered
into the size of the pond from the
start.

Types of Water Resources
This table lists the potential water resources and their respective planning considerations, permit-
ting issues, and potential costs and benefits. Additional details on specific sources are included later
in this section.

Man-made
Storages:
Bypass Ponds

Similar to dugout ponds but utilizes
bypass channel from stream for fill-
ing. Locate in suitable upland or low
value wetland to minimize impact to
wetlands.

Permits needed for this type of work
in organized and unorganized
towns.

Similar to dugout ponds

Man-made
Storages: Dams in
continuously 
flowing streams or
springs

Allow at least ABF or inflow to contin-
uously bypass dams to assure that
fisheries and aquatic habitat are
maintained downstream.

Permits will be needed but some
projects may qualify for a general
permit in unorganized townships.

Moderate to high cost and time con-
suming, due to environmental regu-
lation at both state and federal level.
Federal level has mitigation require-
ments as well.

Groundwater:
Springs

Determine flow rates during period of
expected demand.

No permitting needed in organized
townships if greater than 75' from a
stream. Permits needed in LURC
jurisdiction.

Low cost, similar to direct with-
drawals

Groundwater:
Wells

Determine sustainable yield of well
needed for irrigation while avoiding
off-site groundwater impacts.

No permitting needed in organized
townships if greater than 75' from a
stream. Permits needed in LURC
jurisdiction.

Moderate cost, usually requires spe-
cialized consultants



Natural Flowing Water
Source 
Natural flowing water sources are streams,
flowages, brooks, and rivers. With the excep-
tion of flowing rivers with high discharge rates
and low water demands, natural flowing water
is not a reliable irrigation water resource
because growers generally need water the most
when flows are at their lowest (August to
September). This often results in inadequate
supply and can create direct conflicts with
fisheries and recreational use. However, flow-
ing surface waters can be used to refill storages
during times of high flow, such as after periods
of heavy rain. 

Natural Flowing Water—Limitations 
Federal Regulations: 

•   As of June 2004, a permit is not required for water withdrawals
from flowing waters, unless there are other impacts that trigger a
permit (for example, disturbing soil adjacent to a protected
resource such as wetlands). 

State Regulations:
•   MDEP: As of June 2004, a permit is not required for water with-

drawals from flowing waters, unless there are other impacts that
trigger a permit (for example, disturbing soil adjacent to a protected
resource such as wetlands). 

•   LURC: A permit is currently required to use any significant volume
of water from a flowing water source. 

Natural flowing water sources are becoming increasingly regulated and will likely have
new mandatory state permits and/or new flow limits within several years, possibly as
early as 2005. 

Natural Flowing Water—Flow Limits
Flow limits are required to maintain flow for fisheries, recreation, and wastewater dilu-
tion. At a minimum, permitted natural flow systems have a low flow rate restriction
placed on water withdrawals that is based on statistical flows during the month of
August. Streams with fish spawning and incubation concerns may require other limits
for seasonal spring and fall/winter flow limits, which can affect water use for frost pro-
tection, early germination, or late season crops. 
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Streamside Pumping Station



Federal and state flow limits (except in Aroostook County) are usually based on the
United States Fish and Wildlife (USF&W) Regional Flow Policy. The USF&W low-flow
limit minimum is the Aquatic Base Flow (ABF) limit usually applied to the summer
season. The ABF is defined as the median flow value of the annual August monthly
averages. The ABF value can be determined by two methods:

•   For rivers or streams with a flow gauge record of at least 25 years,
data can be used to calculate the ABF. Contact the USGS to obtain
the necessary data: http://me.water.usgs.gov/,

•   For withdrawals from ungauged rivers or streams, an average of
ABF values derived from representative New England streams is
commonly used (0.5 cubic feet per second per square mile of
drainage area (cfsm). 

In Maine, the calculated ABF values are sometimes lower than 0.5 cfsm, which can
allow for more water withdrawal. To determine the best site-specific values, growers
may require the help of an experienced hydrologist. 

Flow limits at specific points in the watershed (for example, a pump site) are calculat-
ed by multiplying the flow/drainage area values (cfsm) by the surficial drainage area
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http://me.water.usgs.gov/


upstream of the withdrawal point (in square miles). In the example below, the refer-
ence gauge site encompasses 228 square miles, while the pumping site includes only
110 square miles.

USF&W flow limits for fall, winter and spring are discussed further in the appendices. 

In 1996, the Aroostook Water and Soil Management Board, and federal and state regula-
tors developed a 10-year flow limit policy that applied only to irrigation in Aroostook
County. The policies are outlined in Aroostook Water and Soil Management Board Policy:
“How To Deal With Low Flow Periods, and Irrigating Farmer’s and Environmental
Concerns In Aroostook County,” included in the appendices. The policy specifies:

• flow limits (7Q10),

• methods for dealing with complaints of low flow, 

• planning for irrigation water source, 

• development of water supply alternatives other than flow-
ing waters, and 

• development of Water Use Management Plans for
irrigation.

The Aroostook County flow limits are currently the 7-day 10-year low flow (7Q10), which
is the low flow that occurs for 7 consecutive days at a 10-year recurrence interval. This
value is lower than the ABF or August median flow rates used by USF&W, but will likely
be superseded by any future state rulemaking. Determination of the 7Q10 can be calcu-
lated by the MDEP, MDOA, and NRCS, with assistance from the Maine Geologic Survey
(MGS) and the United States Geologic Survey (USGS). Refer to the Aroostook River Flow
example on the previous page for a comparison of actual flow, August Median Flow and
7Q10 flow level.

Natural Flowing Water—Flow Monitoring
To properly assess a flowing surface water source, existing flow data, calculations or
measurement of flow rate should be made, especially for the low flow periods. It is
important to collect this background data as part of the planning process prior to con-
structing an irrigation system. 

Some major rivers and streams have flow monitoring gauges such as those operated by
USGS. Permit flow limits are sometimes based on the flow rate at the gauge. However,

3 — 9

Site Flow Limit (cfs) =    Gauge August Median Flow Rate (cfs)  
x Drainage Area Above (miles2)       

Drainage Area Above Gauge (miles2)

Site Flow Limit (cfs) =       89 (cfs)  
x 110 miles2 =  43 cfs     

228 miles2



flow limits sometimes need to be known at the point of withdrawal to assure compli-
ance with permits. The water height at which the flow limit occurs is usually deter-
mined by developing a stage-discharge (water height to flow rate) relationship at the
compliance point. Once the stage-discharge relation-
ship is developed at the site, a surveyed staff gauge
(usually marked in feet) is placed in the stream and a
mark placed at the level where the flow limit(s) is
reached. Flow measurements can be calculated by one
of the following three methods:

• velocity-area method, in the natural
channel or a culvert, 

• volumetrically, measuring the time
required to fill a bucket from a raised
culvert, and 

• using hydraulic structures or devices
(like weirs, flumes, etc.).

Additional information on flow measurement methods can be obtained from the USGS
web site: http://water.usgs.gov/pubs/twri/.

Natural Flowing Water—Construction
Water withdrawals from flowing surface waters usually require the construction of
roads and a flat surface for the pump. The suction lift from the lowest water surface
should be as low as practical. The maximum suction for the pump should match the
site; generally, 10 to 15 feet is acceptable. 

Because of the proximity to surface water, Spill Prevention, Control and Counter
Measure (SPCC) Plans should be developed, and necessary containment structures and
cleanup materials kept on site for liquid fuel sources. MDEP or consultants should be
contacted for help in developing SPCC Plans.

Proper erosion control practices, such as siltation fencing, hay bales, and soil stabi-
lization by seeding and mulching are required. Contact MDEP, NRCS, local SWCD or
consultants for help with erosion control practices. 

Natural Storages
Natural storages include lakes, ponds, and flowages. In general, if the natural storage
is significantly larger than the area to be irrigated, and there are only limited water
demands on the resource, natural storages can be a reliable resource for irrigation
water. However, any perception of environmental impact can create conflict with fish-
eries, recreational use, and camp owners. 
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Natural Storages—Limitations  
Federal Regulations: 

•   As of June 2004, a permit is not required for water withdrawals
from natural storages, unless there are other impacts that trigger a
permit (for example, disturbance in or adjacent to a protected
resource such as wetland or great pond).

State Regulations:
•   MDEP: As of June 2004, a permit is not required for water with-

drawals from natural storages, unless there are other impacts that
trigger a permit (for example, disturbing soil adjacent to a protected
resource such as wetland or great pond). 

•   LURC: A permit is required to use any significant volume of water
from a natural storage. 

Natural storages are becoming increasingly regulated and may have mandatory state
permits and/or stage limits within several years. 

Natural Storages—Stage Limits
Permitting of natural storages usually specifies that stage limits be placed on water
withdrawals, generally 0.25 feet to 4 feet below the normal high water mark. In addi-
tion, if the natural storage has an outlet, flow limits can also be required to maintain a
minimum downstream flow (flow limits are discussed under Natural Flowing Waters),
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Example of natural storage.



either the aquatic baseflow or inflow to the pond, whichever is less. Federal and state
level limits are usually based on historical information and/or negotiation with the
Maine Department of Inland Fisheries and Wildlife (IF&W), USF&W and the Maine
Atlantic Salmon Commission (MASC). 

Agreement of the high water mark elevation is often done by consensus between the
permittee and the MDEP or LURC staff during field inspections. The normal fluctua-
tion of natural storage levels varies depending on size, type of storage, and geology.
Therefore, as part of the process of evaluating water resources and developing a plan
for irrigation, it is important for growers to obtain the background measurement of sea-
sonal level changes, as well as information on waterfowl nesting and fur-bearing mam-
mal use. These background data are useful for growers to have when negotiating per-
mit level limits and when evaluating the effects of pumping on the water resource.

Natural Storages—Storage Assessment 
To properly assess a storage source, estimates of recharge rate, pond volume, and stor-
age fluctuation need to be collected. 

Natural Storages—Recharge
Recharge rates are technically difficult to determine. Unless the pond is located in
coarse sand and gravel deposits that provide good recharge, it is sometimes best to
assume that no recharge occurs. 

Natural Storages—Volume
Surveys of pond area and depth are helpful to determine the volume of water available
over the range of the estimated stage changes at 0.5, 1.0 and 2 feet. Depending on the
level of accuracy needed, these measurements can be made by locating points with a
hand-held GPS or by survey. Depths are then measured from a reference level (surface
of the water, or from ice level in winter) to the pond bottom. The X, Y, and Z coordi-
nates can then be plotted and elevation or depth contour lines drawn. The area of each
contour line is then calculated (by counting grid blocks, planimeter or other methods).
The average area of two successive contour elevations is calculated and multiplied by
the difference in elevation to calculate approximate volume available in storage (see
the following example).
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100-foot Contour Area 2.0 acres
99-foot Contour Area 1.8 acres

Average Area = 2.0 + 1.8 = 3.8 = 1.9 acres
Between Elevation 2                         2
100 and 99 feet

Estimated Volume = 1.9 acres x (100-99 feet) = 1.9 acre-feet
Between Elevation
100 and 99 feet



The accuracy of volume estimates is a function of the number and spacing of the sur-
vey measurements and the increments of the contouring. The more accurate the con-
tour intervals, the better the estimate and understanding of available water in storage.
Computer software such as AutoCAD is commonly employed by engineers to perform
these volume calculations.

Natural Storages—Storage Fluctuation
Water levels and storage volume decline during dry periods, due to evaporation and
reductions in recharge from groundwater. When possible, these natural declines in
water level should be measured and documented over several years along with a vari-
ety of weather conditions for use in planning and negotiating level limits. 

Natural Storages—Construction
Water withdrawals usually require the construction of roads and a flat surface for the
pump. The suction lift from the lowest water surface should be as low as practical. The
maximum suction for the pump should match the site; generally, 10 to 15 feet is
acceptable. 

Because of the proximity to surface water, Spill Prevention, Control and Counter
Measure (SPCC) Plans should be developed, and necessary containment structures and
cleanup materials kept onsite for liquid fuel sources. MDEP or consultants should be
contacted for help in developing SPCC Plans.

Proper erosion control practices, such as siltation fencing, hay bales, and soil stabi-
lization by seeding and mulching are required. Contact MDEP, NRCS, local SWCD or
consultants for help with erosion control practices.

Man-made Storages  
Man-made ponds for irrigation can be constructed by excavation or impoundment
(damming) or combination, varying in size from 0.5 to 50 acres.

Man-made Storages—Dug-out
Ponds
Dug-out agricultural ponds in wet-
lands and located more than 75 feet
from a river, stream, or brook do not
need permits in organized townships.
LURC permits will be needed in unor-
ganized towns. The U.S. Army Corps
of Engineers may require a permit
and significant wetland mitigation.
Ponds can also be built in upland
areas, but recharge can be limited by
soil type and topographic location,

3 — 13
Man-made Pond



and will therefore require more storage capacity and/or an alternate recharge source.
While permitting may not be required, upland ponds can also be more expensive to
construct and operate than ponds in low-lying areas. 

Man-made Storages—Impoundments
Impoundments are generally defined as small dams (less than 35 feet high) built across
small streams or springs. These are usually well designed for water storage because
they capture runoff and groundwater recharge. Obtaining permits to dam significant
water courses can be costly if at all possible. Impounding of spring areas, although still
complicated, will usually have less impact on wetlands and aquatic habitat and
require less permitting. Permits will be required from MDEP and LURC. Some
impoundments may qualify for an Agricultural Irrigation Pond General Permit. An
individual Army Corps permit may be required and mitigation of impacts may have to
be addressed.

The recharge of any man-made storage can still be limited in mid- to late summer as
discussed previously. Permitting is primarily affected by impacts on wetlands, and fish
and wildlife habitat. Help from local SWCD, NRCS, MDEP, LURC, and consultants
should be sought early in the planning process. Additional information on permitting
follows in Section 6. 

Man-made Storages—Limitations
Federal and state regulations: A permit is generally required for construction of man-
made storage ponds or impoundments in or adjacent to a stream or wetland area. There
are state exemptions for agricultural ponds in wetlands and a streamlined process for
construction in certain types of streams. However, if significant wildlife habitat is
affected, permits may be difficult to obtain.

The federal permitting process has historically been lengthy, due to wetlands rules and
the need to mitigate wetland impacts. The key to minimizing cost and time delays in
permitting is to get help from SWCD, NRCS, and a consultant early in the review of
potential sites, and to involve permitting agencies once a potential site(s) is selected.

The design of a dam must be done by a Professional Engineer to standards set by the
state of Maine. The NRCS also has its own standards for dam design. If the dam is built
in a stream, as defined by MDEP, it may also be necessary to maintain the flow down-
stream (see discussion of flow limits), either the aquatic baseflow or inflow to the
pond, whichever is less. The collection of background flow data on stream or spring
flow is critical to negotiating reasonable flow release limits. Other considerations will
be potential impacts on adjacent property due to flooding, noise, and hazards. An
excellent source of pond information is the NRCS Agriculture Handbook Number 590,
Ponds—Planning, Design, Construction. Also  available online at:
[http://www.info.usda.gov/CED/ah590-ponds.pdf]
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Man-made Storage Assessment 
To assess a man-made storage source, the minimum information requirements are:

• delineation and identification of wetland areas, 
• information on soil stratigraphy (from borings, test pits, etc.), 
• estimates of pond recharge or refilling rates,  
• locations for disposal of excavated soils, and 
• determination of drainage area. 

If the natural recharge of the pond is low and the water demand high, the cost of con-
structing a storage pond that is large enough can be prohibitive. In that case, recharge
sources should be evaluated. Once a sufficient recharge rate or alternate refilling
source is identified, a smaller pond can be designed to meet demand. The analysis of
storage volume needs to consider not only the total seasonal volume, but the short-
term change in storage that occurs between irrigation events: the irrigation flow rate,
time period, recharge flow rate, recharge time period, and seepage. 

Formulas for Calculating 
Irrigation Volume and Pond Recharge Volume

Irrigation Rate 500 gallons per minute (gpm)
Irrigation Time 12 hours per day, 4 days per event
Irrigation Events per season 6 (7-day intervals)

Irrigation Water Use

Irrigation Volume = Irrigation Rate x Irrigation Time x Conversion Factors
(gallons per event)      = 500 gpm x 60 minutes/hr x 12 hrs/day x 4 days per event

= 1,440,000 gallons per event (4.4 acre-feet per event)

Irrigation Volume = Irrigation Volume Per Event x Number of Events
(gallons per season)   =1,440,000 gallons/event x 6 events/season

= 8,640,000 gallons per season (26.4 acre-feet per season)

Natural Pond Recharge

Pond Recharge Rate 100 gpm 
Recharge Time 24 hours per day

Recharge Volume = Pond Recharge Rate x Recharge Time
(gallons per event)    = 100 gpm x 60 minutes/hr x 24 hrs/day x 7 days per event

= 1,008,000 gallons per event (3.1 acre-feet per event)

Recharge Volume   = Irrigation Volume Per Event x Number of Events
(gallons per season)    = 1,008,000 gallons/event x 6 events/season

= 6,048,000 gallons per season (18.5 acre-feet per season)

Minimum Storage Pond = Volume out – recharge
= 26.4 acre-feet – 18.5 acre-feet

Volume Needed   =  7.9 acre-feet

Note: Additional evaluation of storage needs might include accounting for
losses from evaporation, seepage, or more intensive irrigation (for instance, 2
times per week for several weeks).



Man-made Storage—Design and Construction
Water withdrawals from man-made storage usually require the construction of roads,
excavation, hauling, and possibly impoundment construction and a flat surface for the
pump. The suction lift from the lowest water surface should be as low as practical. The
maximum suction for the pump should match the site; generally, 10 to 15 feet is
acceptable.

Excavation will require disposal of the soil material into an area that is not a wetland.
The hauling distance of excavation spoils can add significantly to the cost of a dug
pond. Bank slopes of man-made storage should be a minimum of 2:1. Special attention
needs to be given during design and construction to limit seepage around or under the
dam. Impoundments require specification of low permeability materials for the dam
core. The low permeability soils need to be compacted properly to minimize water
seepage and reduce the possibility of unstable conditions.

Because of the proximity to surface water, Spill Prevention, Control and Counter
Measure (SPCC) Plans should be developed, and necessary containment structures and
cleanup materials kept onsite for liquid fuel sources. MDEP or consultants should be
contacted for help in developing SPCC Plans.

Proper erosion control practices, such as siltation fencing, hay bales, and soil stabi-
lization by seeding and mulching are required. Timing of pond construction is anoth-
er important consideration. Spring and fall rainy seasons should be avoided. Contact
MDEP, NRCS, local SWCD, or consultants for help with erosion control practices. 

Groundwater Sources 
Groundwater sources include springs, sand
and gravel wells, and bedrock wells. In
Maine, it has only been within the last 5-10
years that groundwater has been viewed as
a significant source of water for irrigation.
Pumping can be directly to fields or into a
man-made pond storage for later use and
possible warming. (Note: Some growers
have concerns that the use of cold ground-
water may affect plant growth.) Pumping
rates from high-yield wells can range from
50 to over 3,000 gpm. Maine’s sand and
gravel deposits provide the highest flow
rates, ranging up to 3,000 gpm. 

Groundwater—Springs 
Springs occur where the groundwater level intersects the ground surface due to sever-
al geologic conditions, including:
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Dug and bored wells typically access shallow ground-
water aquifers. Drilled wells access deeper aquifers,
such as water-bearing rock formations. (Source: Best
Management Practices: Irrigation Management. Ontario
(Canada) Ministry of Agriculture, Food and Rural
Affairs, 1995)
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• contact springs – water is forced to the surface from a permeable
water zone at an interface (contact) with an impermeable zone, 

• artesian springs – water is forced under pressure up through breaks
in an impermeable layer, and 

• fracture springs – water is flowing from fractures in rock at or near
the ground surface.

Contact and artesian springs are probably the most common in Maine. Water from
these sources can be extracted by collection systems (pipes and well tiles) or wells
placed adjacent to the spring to intercept flow. Individual flowing springs typically
provide 50 to 100 gpm. Springs that feed surface water bodies (spring-fed ponds, etc),
though common, are difficult to quantify unless an outflow channel exists or an esti-
mate of pond volume recovery is made after pumping (see volume-estimating method
in Natural Storages.) 

Spring flows should be determined to quantify available water before sizing an irriga-
tion system. Flow rate measurements should be made, especially during the dry sum-
mer months. Methods used to gauge surface flow in streams or spring channels
include:

•   volumetric measurement by simply measuring volume and time
using a bucket or larger container,

•   artificial controls like flumes or weirs, or 
•   measurement of velocity and area using specialized meters. 

Assistance on how to measure flow can be found in USGS publications:
http://water.usgs.gov/pubs/twri/twri3-A6/html/pdf.html, or contact local conservation
agencies or consultants. 

Groundwater Wells 
High-yield wells are typically classified as two types:

•   bedrock wells (common to homeowners throughout Maine), and 
•   sand and gravel wells (sometimes referred to as gravel-packed

wells). 

The methods used for locating and evaluating these two types differ significantly and gen-
erally require the assistance of a qualified hydrogeologist specializing in water supply.

Groundwater—Evaluation of Wells 
There are generally four steps to locating, evaluating and designing a well:

• background data collection,
• exploratory drilling,
• production well installation, and
• evaluation of safe yield.

This section focuses on background data collection, exploratory drilling, and produc-
tion well installation for bedrock wells and sand and gravel wells, followed by a gen-

http://water.usgs.gov/pubs/twri/twri3-A6/html/pdf.html


eral discussion of evaluating safe yield of
aquifers.

Groundwater—Bedrock Wells
Groundwater in Maine bedrock occurs in
cracks or “fractures” in the rock. These frac-
tures are sometimes horizontal, but most often
dipping at an angle. Most people are familiar
with bedrock wells for home use, which typi-
cally yield from 0.5 to 20 gpm. However, high-
yield bedrock fractures can yield upwards of
50 to 1,000 gpm. Locating these high-yield
fractures takes consulting expertise in geology,
photolineament analysis, geophysical meas-
urement and direct exploratory drilling. Actual
drilling of these types of wells is commonly
done by local well drillers with experience in
handling high-yield wells. 

The first step in locating a high-yield bedrock well is the review of available hydrologic
and geologic reports and maps to better understand the geology, fracture directions,
depths to bedrock, and numerous other regional and site specific features. 

Photolineament analysis (also known as fracture trace analysis) interprets linear trends
on the earth’s surface that may indicate fractures in bedrock. The analysis is done
using a stereoscope and pairs of aerial photos to get a three-dimensional view of the
ground surface. The analyst looks for depressions, vegetative differences and other fea-
tures indicative of fracture traces. Once these potential fracture features are located,
various geophysical methods can be used to verify the analysis and locate potential
drill sites on the ground.  

These geophysical methods measure the contrasting physical or physical–chemical
properties of water and earth materials (Driscoll, 1986). The measurements are made
at the ground surface or within boreholes to determine water bearing zones, depth to
bedrock, and assess types of geologic materials. Some of the most common survey
methods used in Maine are seismic refraction, gravity, and electrical resistivity.

Exploratory drilling of 6-inch to 8-inch wells follows, usually with an air rotary drilling
rig commonly used to drill residential wells. Because the fracture depth and direction
of dip may be unknown, several wells may need to be drilled within a relatively small
area in order to intersect water-bearing fracture zones with sufficient yield.
Sustainable pumping yield of the finished well is best determined by performing a
multi-day pumping test.

Bedrock production wells should be designed to handle the estimated maximum sus-
tainable yield, taking into account the water demand, pump size, and cost. Bedrock
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Well-drilling equipment



wells with a larger diameter can significantly add to the well’s hydraulic capacity, but
evaluation of the sustainable yield should govern design and use. 

Groundwater—Sand and Gravel Wells
The highest yielding groundwater wells in Maine are located in sand and gravel
aquifers in which water occurs in the pore spaces of the material. The more permeable
the material, the greater the yield of the well. These deposits can provide flow rates of
up to 3,000 gpm. 

The first step in locating a high-yield sand and gravel well is the review of available
hydrologic and geologic reports and maps to better understand the geology, aquifer
thickness, depths to bedrock, and numerous other regional and site specific features. 

Mapped sand and gravel aquifers are located throughout the state as reported by the
MGS on its Significant Sand and Gravel Aquifer Maps and associated reports (see the
MGS list of publications: http://www.state.me.us/doc/nrimc/pubedinf/pubs). However,
not all significant sand and gravel aquifers are mapped, and the size and sustainable
pumping rates of these aquifers are not known. Therefore, the published maps and
reports should be used to provide background information and verified in the field
through geophysics and exploratory drilling.

Geophysical methods used when locating bedrock wells are also used for sand and
gravel evaluations to determine the thickness of deposits and depths to water. 

Exploratory drilling of sand and gravel aquifers is commonly done by well drillers
experienced in drive-and-wash drilling techniques using small all-terrain test boring
rigs. Drive-and-wash involves driving a 2-inch to 6-inch pipe into the ground and then
washing the soil from within the pipe using a rotary bit or bailer. By monitoring the
water loss, soil texture, and other indicators, the potential zones to install a well can
be determined. Well screens are then installed and short-term pumping tests are done
to determine potential large well yields. 

Production wells are usually large-diameter wells (6-inch to 24-inch) which are best
installed using a variety of techniques, including:

• cable tool , 
• dual rotary,
• rotary drive–and-wash, or
• mud rotary. 

Mud rotary is the least preferred method of those listed, because of the potential for
clogging pore spaces. 

Sand and gravel production wells are designed to handle the estimated maximum sus-
tainable yield, taking into account water demand, pump size, and cost. Sand and grav-
el wells also have a well screen at the bottom that has openings designed to retain a
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portion of the surrounding soils. Depending on the grain size of the soils, a gravel pack
can be placed around the well screen to hold back soils.  By removing a portion of the
natural soil materials outside the well, the friction losses and water level drawdown at
the well are reduced. The fine materials from the surrounding geologic formation are
then removed from well screens by a process known as “developing.” The most com-
mon development methods are:

• surging, and/or
• overpumping, and/or 
• jetting.

The longer the sand and gravel well screen, the higher the potential flow rates.
Increases in well diameter for sand and gravel wells (as opposed to bedrock wells) do
not significantly increase well yield and do not justify the increased cost.  

Groundwater—Evaluation of Safe Well Yields
The most important concepts to understand when assessing wells for irrigation are
hydraulic pumping capacity versus sustainable well yield. The hydraulic pumping
capacity is the maximum flow rate at which a pump can operate for the period of
demand without dewatering the well. Sustainable yield is the long-term pumping
capacity of the well without dewatering the aquifer. If more water is taken from the
aquifer than can be replenished each year, then the well yield is not sustainable. 

A first step in evaluating sustainable yield is to evaluate the watershed area that con-
tributes to a well, and the amount of precipitation that can infiltrate to the aquifer
through the surface soils. By using surficial soils maps and estimates of recharge rates
for different soil types, estimates of aquifer recharge from a watershed can be made. If
a well will remove a large volume of the annual groundwater recharge, then other
sources or storage should be considered. 

Aside from initial recharge estimates, pumping tests are necessary to properly assess
sustainable yield. By pumping at a high flow rate (as close as possible to water
demand), a hydrogeologist can evaluate:

• potential pumping rates,
• water level drawdown, 
• area of influence (potential impacts), and 
• whether the aquifer can recharge after pumping. 

The design of a pumping test consists of determining a constant pumping rate (sustain-
able over the period of the test), a time period (usually 2 to 7 days), and identifying spe-
cific wells and surface water locations to monitor. A driller/pump installer commonly
rents pumping equipment including a pump, discharge piping, and power source
(engine or 3-phase generator). The test is usually run at a constant flow rate, with water
levels and stream flow measured at set intervals. After the pump is shut off, the well
recovery and monitoring locations are then measured for the same length of time as the
pumping test. Analysis of the pumping data is done by a hydrogeologist to determine
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short-term and sustainable pumping rates, well pumping levels, and potential impacts.
These data are then used to size pumps, piping, and possibly storage systems.

Groundwater Limitations

Federal Regulations: As of June 2004, a permit is not required for water withdrawals
from wells for irrigation, unless there are other impacts that trigger a permit (such as
wetland impacts or stream dewatering). 

State Regulations:
• MDEP: As of June 2004, a permit is not required for water with-

drawals from wells for irrigation, unless there are other impacts
that trigger a permit (such as wetlands impacts or stream dewater-
ing). 

• LURC: A permit is required to use any significant volume of water
from a well that can impact natural resources such as streams or
wetlands.

Permitting or evaluating groundwater sources to ensure a sustainable resource requires
a determination of the safe yield of an aquifer and an understanding of potential
impacts. 

Groundwater—Construction
A water withdrawal from wells usually requires the installation of test borings, a pro-
duction well(s), and, possibly, construction of roads. Wells may have submersible
pumps and motors, or pumps may be in the well and motors at the surface (vertical
turbine drive pumps). Vertical turbine pumps require a level concrete pad base around
the well. 

Power sources can include fuel driven generators, engines, or power take-offs from a trac-
tor. If fuel driven engines are used, Spill Prevention, Control and Counter Measure (SPCC)
Plans should be developed, and necessary containment structures and cleanup materials
kept onsite for liquid fuel sources. The MDEP or trained consultants can be contacted for
help in developing SPCC Plans. Proper erosion control practices such as siltation fencing,
hay bales, and soil stabilization by seeding and mulching are required. Contact MDEP,
NRCS, local SWCD, or consultants for help with erosion control practices. 

Water Source Quantity Assessment Considerations
Knowing how much water is available from a water source must be calculated.
Calculating the available water for existing ponds, lakes, and dammed streams is fair-
ly simple. For constructed ponds, the size of the pond may be dependent on the
recharge source, such as a well or other water diversion.  Calculating the quantity of
water available for direct withdrawal from rivers and streams can become problemat-
ic, given decreasing flow rates through the spring – summer growing season.
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Developing a Water Use Management Plan requires an understanding and develop-
ment of a process for assessing and using water resources. Given the increasing
demand for water and concerns about potential adverse impacts on natural resources,
growers are advised to include an alternative water source analysis in their Water Use
Management Plan that includes efforts to avoid, minimize, and mitigate potential wet-
land and aquatic habitats. 

To protect the rights of growers and the rights of future water users, federal, state and
local governments have created laws and guidelines to ensure an abundant supply of
clean water. The regulations and agencies that govern the use of irrigation are listed in
Section 6. 

Components of Assessing Irrigation Water Need
To better understand water management planning, the irrigation water budget, and the
Water Management Worksheet, this section contains a general discussion of the fol-
lowing: 

•   an explanation of plant water demand,
•   how to determine a crop’s total consumptive water use, 
•   how to estimate historical regional precipitation, and
•   how to determine how much supplemental water is required

through irrigation.
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Plant Water Demand
Plants need water for growth and cooling. Plant growth requires that sufficient water
is available in the soil of the root zone to extract water and nutrients necessary for
growth. The percentage of soil water in the root zone that can be lost before the plant
is stressed and needs supplemental water through irrigation is known as management
allowable depletion (MAD). The MAD value is dependent on soil, crop type, and stage
of crop development. Most crops use a MAD limit of moisture content of above 50 per-
cent of field capacity. Soil moisture levels below the MAD value create stress on the
plant that may affect crop quality and yield. Additional information on MAD values
may be found in USDA-NRCS National Engineering Handbook Part 652, Section 3 (or
log on to http://www.wcc.nrcs.usda.gov/nrcsirrig/irrig-handbook-part 652.html). Con-
sumptive water loss from the soil is a function of two simultaneous and ongoing
processes: evaporation from the soil and uptake from plants

Until the crop is well developed, water loss occurs mostly by evaporation from the soil.
As the plant grows and takes up water from the soil, a small fraction is actually used
by the plant. The remainder vaporizes from the plant leaf to the atmosphere, a process
known as transpiration. Once the plant is fully developed, the majority of water loss
occurs by transpiration, which can be as high as 80 percent of the total water loss from
the soil. The combined water loss from evaporation and transpiration is known as
evapotranspiration (Et). The factors affecting Et are primarily solar radiation and, to a

3 — 24

Recommended Management Allowable Depletion 
(MAD) for Crop Growth Stages

Flowering Ripening to
Crop Establishment Vegetative  Yield Formation Maturity

Alfalfa hay 50 50 50 50
Beans, green 40 40 40 40
Beans, dry 40 40 40 40
Corn, grain 50 50 50 50
Corn, seed 50 50 50 50
Corn, sweet 50 40 40 40
Cranberries 40 50 40 50
Garlic 30 30 30 30
Grains, small 50 50 40 60
Grapes 40 40 40 50
Grass, pasture/hay 40 50 50 50
Grass, seed 50 50 50 50
Lettuce 40 50 40 50
Nursery stock 50 50 50 50
Onions 40 30 30 30
Orchard, Fruit 50 50 50 50
Peas 50 50 50 50
Potatoes 35 35 35 35
Sorghum, grain 50 50 50 50
Spinach 25 25 25 25
Vegetables, 1 to 2 ft root depth          35 30 30 35
Vegetables, 3 to 4 ft root depth 35 40 40 40

Source: USDA – NRCS National Engineering Handbook , Part 652, Irrigation Guide

http://www.wcc.nrcs.usda.gov/nrcsirrig/irrig-handbooks-part652.html
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lesser extent, temperature, wind, and
humidity. Understanding evapotranspi-
ration is important for effective irrigation
management and water conservation,
discussed in Section 5.  

Total Consumptive Water Use
Additional information needed to size
irrigation systems is the total consump-
tive water use. Total consumptive water
use equals the consumptive use per day
or week multiplied by the number of
growing days or weeks and the crop
acreage. 

Note: This total is generally an overestimate of plant
water use. Experience and judgment are needed in
using these estimates for planning and design. 

While it can be argued that the recommended criterion for sizing water supplies is the
seasonal consumptive use (total plant demand over the growing season), it is unrealis-
tic to assume all water must be (or can be) applied by irrigation. Judgments need to be
made on how much water might be expected from precipitation, and the expected fre-
quency. 

Precipitation Estimates
Growers need to rely on estimates of historical regional precipitation to determine the
supplemental irrigation water needed to meet total consumptive plant use. Estimated
seasonal monthly or weekly precipitation medians may be used along with the corre-
sponding peak consumptive use to determine the amount of supplemental irrigation
water needed.  A source for weather information is the National Weather Service Link:
http://iwin.nws.noaa.gov/iwin/me/me.html.  Sources for historical data are National
Oceanic and Atmospheric Administration (NOAA) or NRCS. 

Another method used to estimate precipitation is probability graphs. Probability data
on precipitation for Aroostook and Washington counties may be found in Dalton, 2001
and 2002, respectively (see References). 

Irrigation Requirements
Irrigation water is the amount of water that must be applied to the crop to replace
water lost to evapotranspiration, but not supplied by precipitation. Some irrigation
methods (i.e., micro-irrigation) are more efficient than others because evaporation is
minimized, especially in arid areas. Examples of efficient irrigation methods include
water applied directly to the root zone by drip irrigation and those methods with short-
er application periods, such as in-ground small sprinkler systems, with adequate water
resources, which allow irrigation during cooler or less windy periods. Highly efficient

Evapotranspiration (Et) Cycle (Source: Best Management
Practices: Irrigation Management. Ontario (Canada)
Ministry of Agriculture, Food and Rural Affairs, 1995)

http://iwin.nws.noaa.gov/iwin/me/me.html


methods may come with a higher price tag, but may also provide a quicker payoff on
the grower’s initial investment. Manufacturers and irrigation equipment suppliers can
supply information on the efficiency rates of specific irrigation equipment (see list of
vendors in Appendices). 

The following example shows how to calculate the amount of irrigation water needed
to meet a specific demand of 100 acres of potatoes irrigated by a center pivot system
with an efficiency rate of 80%.
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Consumptive use 1.2 inches per week
Precipitation – 0.6 inches per week

Irrigation Demand 0.6 inches per week

Volume of Irrigation Water Needed = (consumptive use – precipitation) x acreage
Efficiency

= (1.2 – 0.6 inches per week) x 100 acres
0.80

= 75 acre-inches or 6.25 acre-feet per week



Irrigation
Application 

Systems

The main principle of irrigation is quite simple: to provide the root zone of the crop
with usable amounts of water during periods of need.  Application systems accomplish
this goal by delivering irrigation water to a field and then distributing it within the
field.  

The size and type of an irrigation system is primarily dependent on the available water
source(s).  For example, if water is limited, a grower’s decision to partially irrigate the
entire crop or fully irrigate a portion of the crop can become an economic decision of
crop quality versus quantity.  In this section, components of irrigation systems are
described and evaluated to help growers choose the best system for their operation.

Irrigation System Components
Every irrigation system has some form of the following components, which must be
suitably matched:

• water source,

• power source,

• pumps,

• conduit pipe,

• filtrations,

• emission points, e.g., sprinklers, and

• water-efficient hardware.

Irrigation systems generally consist of three major components:  

• pumps,

• piping, and

• application hardware.
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Pumps
A major component of any irrigation system is the pump.  Water must be delivered to

all sprinklers or emitters at the proper pressure and flow rate.  The pump and motor
must be adequately matched to perform the desired function.  A proper match will
ensure an economical system that can reduce maintenance and operation costs.

Pumps have many uses.  They are usually
located at the water source but may be
augmented by other pumps along the pip-
ing system to boost pressure.  Pumps are
also used for high flow applications such
as refilling storages.  

Each irrigation pump has unique flow
characteristics that vary with pump rpm
and operating pressure.  The pump must
be matched to three important irrigation
parameters:

Total irrigation flow rate at any one time is
determined by the flow rate from the maxi-
mum number of sprinklers or emitters that
operate at the same time.

Brake horsepower (HP) required by an irriga-
tion pump can be calculated from:
HP = Q x (H/3960) x E.

Pump efficiency can be obtained from a Pump
Performance Curve.  This curve indicates how the pump performs at different pump-
ing rates, rpm speed, and different resistant forces (H).  The higher the efficiency, the
more energy that is transferred to the water for movement.

Pumps used in Maine irrigation systems can range from 5 to 5,000 gallons per minute
(gpm), depending on the acreage served and the type of application system.  Electricity
or fuel-driven engines, including power take-offs from tractors, may be used to run irri-
gation pumps.  Maine certified pump installers must install and maintain well pumps.  

•   Most growers use centrifugal surface pumps to draw water from
surface sources (ponds, streams, etc.). These pumps are limited by
how high they can lift water.  

•   Pumping from wells with water levels greater than 20 feet below
ground generally requires the use of submersible pumps.  

•   Line shaft turbine pumps are used on high yield wells and require
installers that specialize in these types of pumps.  

Growers are advised to obtain expert advice when selecting a pump.
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HP = brake horsepower required by the
system 
Q = design flow rate of system (gpm) 
H = Total Dynamic Head (ft) 
E = Pump efficiency (% in decimal form)

Total dynamic head (H) developed by the
system H = Hp + Hf + Hs + He
(Hp = pressure head; Hf = friction head; Hs = static
suction head; He = static discharge head)



Piping 
Piping is separated into two categories:  transmission piping and distribution piping.

Transmission piping is the largest diameter piping required to transport water long dis-
tances without causing excessive pressures or “head loss”. Head loss in piping is caused
by friction between the water and piping surface.  Excessive head loss will limit flow in
the piping and result in increased pumping costs. In many cases, the additional cost of
large diameter piping provides a short-term payoff in power and fuel cost savings.
Transmission piping can range from 2 inches to 2 feet in diameter. In above-ground
portable systems, these are commonly 4-, 6-, or 8-inch-diameter aluminum pipes. Buried
pipes are generally plastic.

Distribution piping moves the water to the application hardware (nozzles, emitters,
etc.).  These pipes are generally smaller in diameter than transmission piping to han-
dle the lower flow rates, but must be large enough to ensure that the pressure at the
end of the system is adequate for the applicator.  Solid set dis-
tribution piping systems are permanent below-ground or sea-
sonally set-up above-ground piping systems.  

Piping needs to be designed according to required pumping
rate and pressure. Pressure relief valves, air vents, thrust
blocks, and their appurtenances may be needed to protect the
pipe. NRCS irrigation water conveyance standards or other
irrigation industry standards should be followed. 
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Note 
Improper sizing of pumps
and piping is a major
cause of under- or over-
application of water.  This
is especially true for
portable systems where
pumping distance and
changes in elevation vary
from field to field.

Pump Performance Curve
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Examples of Piping Layout Plans

Pipe Plan 1

Pipe Plan 2



Application Hardware  
There are many choices for application hardware but, in general, the technology can
be grouped into three basic delivery methods for the in-field distribution of water:  

•   big guns (includes center pivots),
•   small sprinklers, and 
•   micro-irrigation (spray, drip or trickle).

Big Guns
Big guns represent one type of the sprin-
kler irrigation method that sprays water
over the entire soil surface of the field.
Guns deliver water to the crop in the
form of a high-trajectory stream that
breaks up before reaching the ground or
crop. They are useful for delivering a
large volume of water over a large area.
Flow rates from individual guns are very
high and range from 50 to 500 gpm and
can individually cover 1/2 to 3 acres. In
Maine, 1 to 12 guns are commonly used
at one time, dependent on the water
source, pumps, and available labor. 

Advantages:
•   Water application times are the shortest of the three types, to provide

equivalent soil moisture change.  
•   Big guns can be set-up on movable or buried pipe (with risers), hose trav-

elers, stands with flexible hose, or at the ends of traveler or center pivots.  
•   Capital cost is low.  

Disadvantages:
•   Big guns are affected by wind, due to the high trajectory of the water.  
•   On larger fields, they must be manually moved after each application to

cover the entire field.  
•   Labor costs are higher to move big guns, as opposed to fixed application

hardware (sprinklers and micro-irrigation). 
•   Large droplet size
•   Higher potential for soil erosion 

Small Sprinklers
Small sprinklers also deliver water over the entire soil surface of the field. However,
they are designed to provide a lower flow rate (1 to 7 gpm) and a longer application
time, and cover a smaller area (0.1 to 0.2 acres). Small sprinklers can be installed on
solid-set distribution piping (above-ground or below-ground), on center pivots, or lat-
eral move traveler systems. 
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Big gun irrigation on blueberries



Advantages:
•   Applications are close to the 

ground, which minimize evapora-
tion from heat and wind, and allow 
for more even distribution.

•   Lower potential for soil erosion  
Disadvantages:
•   Because of the intensive distribution of 

piping needed, permanent fixed sys-
tems are best installed with buried 
piping.  

•   Capital cost is moderate to high.  

Micro-irrigation
Micro-irrigation pipes the water directly,
applying the water to the soil near the base of
each plant or into the soil below the root zone,
either by spray, drip, or trickle application.
The flow rates for each plant are relatively
slow, 0.5 to 2 gpm.  It is most commonly used
for high-value fruit trees, cultivated berry
crops, vegetables, ornamentals, and nursery
applications.  

Advantages:
•   Most water-efficient because water

is applied to a smaller area and
stays closer to or in the ground,

•   Lower potential soil erosion,
•   Lower pressure requirements, and
•   Micronutrients easily applied. 

Disadvantages:
•   This equipment is only feasible for certain crops because, for maximum

efficiency, piping is left in place for several years on or below the ground
surface, preventing tilling.  

•   Micro-irrigation cannot be used at every location because it requires a
clean water source and/or filtration to remove particles.  

•   Capital cost is high. 

4 — 6

Solid-set sprinklers in strawberries

Micro-irrigation system



Fixed System versus Portable
System
The choice between installing a fixed system or
portable system is a function of:  

•   capital costs to install,
•   labor and maintenance costs 

to operate, 
•   time to complete an irrigation

application,
•   location and amount of avail-

able water supply, and 
•   value of the system on rotation crops.

The difference between fixed or portable irrigation systems is the type of piping net-
work used to supply water to the irrigation application hardware.  

Fixed Systems
Examples of these systems are:  micro-irrigation, in-ground piped small sprinklers, in-
ground piped big guns, above-ground piped big guns, and center pivots.  

The buried pipelines in fixed systems reduce or eliminate the need for labor to move
pipes within the fields.  In addition, fixed systems may include a dedicated pump.
These types of systems require minimum labor and can be true turnkey systems.  

Portable Systems
In Maine, these include many variations of portable components including pumps,
transmission piping, and distribution piping. Examples of these systems are hose reels,
above-ground big guns, and some small, lateral moving travelers.  

The most common portable systems require that the transmission and distribution pip-
ing be moved with each application. While this may work well on small farms where
fields are located close together, this system is very labor-intensive for larger farms that
may have difficulty keeping up with plant demand during peak consumptive-use peri-
ods.  In addition, portable piping systems require large quantities of additional pipe to
be available to guarantee that transmission and distribution are ahead of actual irriga-
tion.  This is especially true for big gun above-ground piping systems.  Hose reel sys-
tems generally require less labor than hard-pipe-moved systems.  

Selecting an Irrigation System
Choosing the right irrigation system from the hardware discussed in this section is a
challenging and complex task and is fundamental to a successful irrigation practice.
Growers must carefully match the design to crop needs, site and soil conditions, irriga-
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Center pivot irrigation on potatoes



tion schedules, available water supply,
capital available for equipment pur-
chase, and labor demands. The design
will likely go through several modifica-
tions to make sure all of these aspects
are addressed. This process requires
more than grower experience. Growers
are advised to work with experts to
design their irrigation system. Refer to
the Appendices for a resource listing of
vendors and consultants.

Irrigation System Management
Considerations
Good management of an irrigation system can help reduce water use and increase
energy savings, thereby improving profitability.  Periodic inspection of the system as
well as maintaining the equipment will help minimize problems.  The following steps
should be followed: 

•   Clean and inspect the pump annually, including the packing, seals,
and foot valves.  

•   Use a filter basket on the suction line to prevent foreign objects
from damaging the pump and limit clogging of sprinkler nozzles.  

•   Check for line leaks. System operating pressures should fall within
spec ranges.  

•   Check periodically for uniform water application patterns and
rates.  

Irrigation System Design Considerations for Conservation
Irrigation system design and efficiency are critical components of a Water Use
Management Plan as discussed in Section 3.  

It is critical to choose equipment that minimizes water usage and fits the needs of the
crop to reduce the total water needs for the farm, which may save money in terms of
the size of pumps and storages to be built.  In general, growers should keep in mind
the suitability of certain equipment for specific types of soils and terrains:  

•   Low pressure center pivots are best suited to flat terrain and soils
with high infiltration rates.

•   High pressure center pivots are best suited to rolling terrain.
•   Big gun irrigation is most suited to sandy soils and flat terrain

where runoff potential is less.
•   Portable piping and solid-set sprinkler-system design is adaptable

enough to accommodate a wide range of soil conditions and ter-
rain.

•   Drip irrigation and other low-volume systems are particularly well
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suited to steeper slopes and heavier soils. These systems are also
ideal where water supplies are limited and runoff potential is high.  

•   Special systems must be purchased for greenhouse operations,
nurseries and cranberry operations.

Other equipment considerations include proper sizing of piping to save energy and
reduce operating costs, and using lower pressure nozzles that will also reduce energy
use.  Growers are advised to work with a consultant, extension agent and/or equipment
manufacturers for help in selecting the best equipment for their situation to maximize
energy efficiency and water conservation. System design should incorporate NRCS
irrigation standards, specifications, and design criteria or irrigation industry standards. 

Noise Control for Irrigation Systems
Noise from irrigation systems can sometimes present a problem for irrigators and their
neighbors.  Although the pump radiates some noise, the major source of noise is the
driving motor.  Irrigation equipment noise levels can be substantially reduced by:

•   if possible, shutting down irrigation during the night when noise
interferes with sleep;

•   installing exhaust and inlet silencers on engines that currently do
not have them;

•   using an electric motor drive instead of internal combustion engine
where feasible;

•   erecting an acoustic barrier that blocks the line of hearing from the
engine exhaust, inlet and casing toward the area to be protected
from noise;

•   facing the inlet and outlet ducts away from the area to be protected;
and

•   selecting a location where noise does not naturally carry, such as
depressions in the terrain, away from large bodies of water with
dwellings.

The following table illustrates the noise levels emitted by different types of pump drivers.
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0 20 40 60 80 100

dBA at 25 feet

Engine partially enclosed plus barrier - 66.5

Electric Motor - 70

Engine partially enclosed, no barrier - 76

Tractor with muffler - 80

Engine with muffler - 84

Caterpiller engine, no muffler - 86

Chrysler engine, no muffler - 90

PUMP DRIVER NOISE LEVEL EMISSIONS



Conservation
Practices and

Irrigation
Scheduling

The goal of irrigation is to provide a crop with the right amount of water, when the crop
needs it for maximum crop response, at the lowest cost, and with least impact on the
environment.  By controlling the crop’s water supply, growers are controlling an essen-
tial production variable.  

To do this effectively, it’s worth looking at some basic principles: 

•   how to use conservation practices to save water, 
•   how soils provide moisture to crops,
•   how much water crops require and when they need it,
•   how water flows through, over, and around cropland, and
•   how to estimate and schedule crop water requirements practically

and at low cost.

Conservation Practices
The goal of every grower is to practice irrigation management to fulfill water needs
profitably, safely, and in an environmentally responsible way. Irrigation depends on
reliable supplies of fresh, clean water from surface and/or groundwater sources.  In
developing the Water Use Management Plan (see Section 3), growers must be aware of
potential impacts that the selected irrigation system may have on the quantity and
quality of surface and groundwater. While a main purpose of a plan is to document the
grower’s decision to support an efficient and cost-effective application of supplemen-
tal water to maintain or improve crop yield and quality, regulations require that grow-
ers plan for limiting withdrawal of water from natural water bodies during low-flow
periods.  
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IRRIGATION CONSERVATION AND 

SOIL MANAGEMENT PRACTICES 

Build healthy soils to allow water to infiltrate and be available for crop use: 

•    Add organic matter (manure, green manure, compost, cover crops): the soil’s

structure will improve and the amount of water available to the crop will

increase.  

•    Avoid compaction: don’t work soil when wet, especially heavier soils.  

•    Reduce tillage: less tillage means less drying and less organic matter loss. Try

reservoir tillage: it holds water at the soil surface for infiltration.  

•    With reduced tillage and higher organic matter, earthworm population will

increase.

Irrigate efficiently: 

•    Harvest water from watercourses during peak flow, or from groundwater

when water table is high.  

•    Sprinkle irrigate when winds are low. 

•    On small field areas choose drip irrigation at the next equipment upgrade.  

•    Apply the right amount of water when the crop needs it; use irrigation

scheduling.  

•    Minimize sprinkler irrigation during the heat of the day.

•    Maintain equipment for peak performance.

Reduce water loss from crops and soil (evapotranspiration): 

•   Plant windbreaks or wind strips to slow drying winds.

•    Plant perennials into chemically killed sod. 

•    Use dwarf grasses between orchards and nursery crops.  

•    Schedule short-season crops for spring and fall.  

•    Manage crop residues to reduce runoff, increase infiltration, and so they can

act like mulch.  

•    Space plants to cover soil surface quickly and use plastic or organic mulches.  

•    Control weeds early. 

•    Mow sod and cover crops regularly.

•    Some tillage can be beneficial under dry conditions.  A soil mulch layer can

reduce soil evaporation in some circumstances, e.g., vegetable on muck soils,

and strawberries on mineral soils.



When drawing water for irrigation, growers must ensure there are no long-term impli-
cations for the local environment, and no short-term interference with other uses.
More specifically, growers need to know:

•   an estimate of how much water might be needed,
•   the repercussions if adequate water isn’t available, 
•   how continuous the supply is (or the recharge rate), especially during the

time of need when conditions are the driest and supplies are usually the
lowest,

•   that the quality of water matches the needs of the crop to be irrigated,
•   how the location of the water supply impacts the design and cost of the

irrigation system, i.e. horizontal distance and vertical lift,
•   if the amount of water being taken is environmentally sustainable,
•   effects on fish and fauna – a large suction inlet cuts down on water veloc-

ity entering the intake pipe, and allows fish to escape in special circum-
stances,

•   effects on quality and quantity of water in adjacent bodies of water, and
•   effects on the water table.

Estimating Water Needs & When to Irrigate

Water Balances: Rainfall and Crop Requirements
Knowing how water moves through soils can help growers use irrigation water more
effectively with less risk to water sources. Water is added to soils as snow, snowmelt
and rain. In a typical field, a large percentage of rainfall is eventually evaporated back
to the atmosphere. Depending on the precipitation intensity and the soil infiltration
rate, a percentage of the water may run off the soil surface to streams, brooks, drains,
lakes, and ponds.  The remaining precipitation will enter (‘infiltrate’) the soil. This soil
water can be stored as soil moisture and be taken up by plants, evaporate back to the
atmosphere, or percolate through the soil to groundwater. The groundwater can also
replenish the soil water table (in shallow aquifers), percolate to deeper aquifers, or dis-
charge to surface waters such as streams and ponds.

Different crops have different water needs, but in general, precipitation ranges in
Maine do not meet plant demand, even in an average year. Potatoes have a demand of
approximately one inch per week, and crop water requirements may be 12 to 15 inch-
es during the growing season, June to September. However, precipitation during this
same period averages only 12 inches per season with an observed range of 7 to 14 inch-
es (see Dalton, 2003).  This results in a total water deficit for the potato crop even in
an average year. Unfortunately, years of below-average rainfall occur, causing even
greater moisture deficits.

Wild blueberries also demand at least 1 inch of water per week in the fruit bearing
year.  With their longer growing season, wild blueberries have crop water requirements
in a bearing year of 10 to 15 inches during their growing season, May to September.
However, precipitation in Downeast Maine during this same period averages only 6.5
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inches per season with an observed range of 3 to 16 inches (Jonesboro Station, 1948 to
1999).  This results in a water deficit for the Downeast wild blueberry crop in an aver-
age year.  

Soil Water
Each soil type and field has two unique characteristics: water intake rate and available
moisture capacity. These determine how much water is held in the soil and how avail-
able the water is for plant growth. Growers can use this information, along with spe-
cific plant water demands and recent area rainfall amounts, to determine crop water
requirements and the optimum schedule for irrigation.  

Water Intake Rate (or infiltration rate): how fast the soil can absorb water
To be efficient and cost-effective, the goal during irrigation is to avoid wasting water
during application. Growers need to know the water intake rate of the soil. This is the
rate at which water infiltrates the soil and it determines how much water to apply per
hour. The following table lists the maximum rate of water to apply per hour for vari-
ous soil types.  Coarse-textured soils have a higher water intake rate than fine-textured
soils.  

•   Water infiltrates coarse-textured soils faster than fine-textured ones.
•   Good soil structure improves infiltration—soil aggregate formation

is the key, especially in loams, silt loams and clays.
•   Cover crops or crop residues can protect soil and slow runoff,

increasing water intake rate and maintaining soil structure at the
same time.

•   Slope, soil compaction and tillage practices also affect speed of
water movement into the soil.

•   In heavier soils, a grower may chisel the trough between tilled
rows to improve water infiltration.

•   The presence of high populations of earthworms can have a very
beneficial effect on water infiltration rates.

•   Water applied faster than a soil’s intake rate can result in ponding,
leading to runoff erosion and wasted irrigation water.
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AVAILABLE MOISTURE CAPACITY AND INTAKE RATE FOR SOILS
Available Moisture Capacity (in. water / in. soil) Intake Rate (in./hr)

Soil Texture RANGE AVERAGE RANGE AVERAGE
SANDS 0.05-0.08 0.065 0.5-1.0 0.70
LOAMY SAND 0.07-0.10 0.085 0.3-0.8 0.55
SANDY LOAM 0.09-0.12 0.11 0.3-0.8 0.55
LOAM 0.13-0.17 0.15 0.3-0.8 0.55
SILT LOAM 0.14-0.17 0.16 0.2-0.3 0.25
SILT CLAY LOAM 0.15-0.20 0.18 0.2-0.3 0.25
CLAY LOAM 0.15-0.18 0.17 0.2-0.3 0.25
CLAY 0.15-0.17 0.16 0.1-0.25 0.20



The application system should be sized to take advantage of the maximum intake rate
of the soil to minimize irrigation time, but not to exceed the water supply rate. If water
is applied at rates exceeding the intake rate, then runoff may occur. For example, in
fields where the soil is high in clay, the excessive application could result in wasted
water with little benefit to crops as water runs off or evaporates from the field. For
fields with soil high in sand, where water is absorbed more quickly into the soil, need-
ed water can be applied in a shorter period of time, allowing more acreage to be cov-
ered in less time. Rain or irrigation gauges should be placed in the field to help deter-
mine how much irrigation water has been applied. For more information about water
intake rates and available moisture capacity for specific Maine soil types, refer to the
Appendices, or consult with local conservation agencies.  

Most crops have certain growth stages when drought stress can severely reduce yield
and/or quality. While adequate moisture is desirable at all growth stages, irrigation is
especially important during the critical growth periods. Using simple monitoring
methods and calculations, scheduling can make irrigation more timely, more precise
and less wasteful.
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Typical water-holding capacities of different textured soils
(Maximum available water occurs in the silt loam soil)

4.5 —

4.0 —

3.5 —

3.0 —

2.5 —

2.0 —

1.5 —

1.0 —

0.5 —

0.0 —

Theoretical irrigation trigger point

Sand       Sandy Loam       Loam       Silt Loam       Clay Loam        Clay

Field capacity

Permanent wilting point

Available water



Available Moisture Capacity (the amount of water a soil can hold that is
available to the crop)

•   Soil texture and the percentage of organic matter determines how
much water a soil can hold – what the crop can use is called avail-
able soil water, and how much is bound to the soil but unavailable
is called bound water.

•   Coarse-textured soils hold less water, so that watering must be
more frequent.

•   Field capacity is the amount of water held in a soil after the excess
has drained from a completely saturating rainfall.

•   The permanent wilting point is the amount of water held in the
soil below which plants wilt and do not recover.  
(Note:  Crop yield and quality losses can occur before the permanent
wilting point.)

Plant Water Requirements
The available water in the soil is used by a combination of plant transpiration and soil
evaporation, i.e., evapotranspiration (Et). The available water can be expressed as inch-
es of water per inch of soil depth.  

Temperature, light intensity, wind, humidity, crop cover, and crop growth stage all
affect the plant water demand. The maximum Et, for use in irrigation scheduling, can
either be estimated using evaporation data available from a local weather station, or
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from on-site instrumentation. The evaporation values are modified by a crop factor
(based on the type of crop and its stage of development) to determine Et. The crop fac-
tor varies depending on the type of crop (crop species, annual vs. perennial) and the
crop growth stage. For annual crops, the crop factor increases from emergence up to 50
to 80 percent crop cover, remains at a maximum for 2 to 5 weeks, and then decreases.  

Typical crop factors over a season are depicted in the preceding graph. The moisture
needed to supply the crop’s Et needs is called the crop water requirement. Water
depleted from the soil by Et is normally replenished by rain, dew, or irrigation in suf-
ficient amounts to meet the crop need at any given time. Irrigation should maintain a
minimum amount of available soil moisture: if water isn’t applied until the crop is wilt-
ing, economic losses have already occurred, as yield and/or quality potential will be
reduced. Frequency and depth of irrigation required varies, depending on soil charac-
teristics, crop water requirements, and rooting depth.

Irrigation Scheduling
Irrigation scheduling is the process of planning and providing crops with the amount
of water needed, when they need it. It can involve monitoring, record keeping, and the
necessary calculations to determine field water capacity and soil water balance.
Ultimately, the grower compensates for net losses with irrigation. 

Benefits of Scheduling  
Scheduling allows more efficient use of water resources and also more efficient use of
equipment, management time and labor. The yield and quality is increased, and there
are better returns on investment of irrigation equipment.  It also optimizes application
timing, which prevents crop moisture stress and potential damage to yield and quali-
ty. Scheduling also reduces the possibility of excess moisture that will lead to leaching
or runoff, because the water-holding capacity of the particular soil is known and will
not be exceeded.

Methods of Determining When to Irrigate 
The need for irrigation is based on one or more of the following criteria:  

• soil moisture based on hand feel or sensing equipment,

• evapotranspiration (consumptive crop use), and

• crop symptoms of water stress (not recommended).

Each method has its advantages and disadvantages.

Soil Moisture 
Using soil moisture measurements, a limit is set on the depletion of available soil water
in the crop-rooting zone. For example, the allowable available soil moisture depletion
level may be set at 50 percent, and irrigation is scheduled to keep available soil water
in the root zone above that level.
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The allowable available soil moisture depletion can vary through the growing season.
Soil moisture may be allowed to drop lower as the growing season progresses and the
critical periods of crop development pass. In addition, over watering can cause blight
on potatoes, or rupture the skins during freezing in the situation of processing berries.

Soil moisture can be measured by: 

• hand feel method,
• gravimetric measurement, and
• soil moisture sensors.

Hand Feel Method
The hand feel method involves a probe or shovel to obtain soil samples at a desired
depth.  While it is the quickest and simplest method, due to subjectivity, it is not espe-
cially accurate. Accuracy can be improved over time by comparing hand feel samples
with sensing equipment.

The table below has been used for some time as a guide in judging soil moisture.  It
relates soil appearance and feel to approximate soil moisture levels for specific soil
groups.
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GUIDE FOR ESTIMATING SOIL MOISTURE BY THE FEEL METHOD TABLE
Available  
Moisture 

in Soil
Coarse 
(sands)

Mod. Coarse 
(sandy loams)

Medium 
(silt loams, loams)

Fine /Very Fine
(clay, clay loams)

0 %

Dry, loose and single
grained; flows

through fingers

Dry and loose; flows
through fingers

Hard clods that
break into powder

Hard, baked and
cracked; has loose

crumbs on surface in
some places

50% 
OR LESS

Appears to be dry;
does not form a ball

under pressure

Appears to be dry;
does not form a ball

under pressure

Somewhat crumbly
but holds together

under pressure

Somewhat pliable;
balls under pressure

50-75%

Appears to be dry;
does not form a ball

under pressure

Balls under pressure;
but seldom holds

together 

Forms a ball under
pressure; somewhat
plastic; sticks slightly

under pressure

Forms a ball; ribbons
out between thumb

and forefinger

75% TO FIELD
CAPACITY

Sticks together
slightly; may form a
very weak ball under

pressure

Forms weak ball that
breaks easily; does

not stick

Forms ball; very pli-
able; sticks readily if
relatively high in clay

Ribbons out
between fingers easi-
ly; has a slick feeling

AT FIELD 
CAPACITY

(100%)

On squeezing, no
free water appears

on soil but wet out-
line of ball is left on

hand

Same as for coarse-
textured solids at

field capacity

Same as for coarse-
textured solids at

field capacity

Same as for coarse-
textured solids at

field capacity

ABOVE FIELD
CAPACITY

Free water appears
when soil is bounced

in hand

Free water is
released with 

kneading

Free water can be
squeezed out

Puddles; free water
forms on surface
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DETERMINING SOIL MOISTURE BY HAND FEEL METHOD

Coarse (Sands)

50% or less

50 – 75%

75% – 
Field Capacity

Field Capacity

Medium (Silt Loams)
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Atmometer measures evapotranspiration.

Watermark sensor is a type of electrical
resistance block.

Tensiometer measures soil tension.
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SOIL MOISTURE SENSORS: 
Methods and equipment used for irrigation scheduling*

Method
Measured
Parameter

Equipment
Needed

Irrigation
Criterion Advantages Disadvantages

Hand feel and
soil appearance

Soil moisture
content by feel

Hand probe or
shovel

Soil moisture
content

Easy; simple;
experience im-
proves accuracy

Low accuracy;
field work to
take samples

Water budget
approach
(checkbook
method)

Climatic param-
eters: tempera-
ture, radiation,
wind, humidity
and expected
rainfall; model
to predict Et

Weather station
or available
weather data

Estimation of
moisture 
content

No field work
required; flexi-
ble; can forecast
irrigation needs;
can be used to
schedule multi-
ple fields

Needs calibra-
tion and period-
ic adjustments,
since it is only
an estimate; cal-
culations can be
cumbersome
without a com-
puter

Electrical 
resistance blocks

Electrical resist-
ance of soil
moisture

Resistance
blocks with AC
bridge meter
(gypsum blocks
or granular
matrix sensors,
such as water-
marks)

Soil moisture
tension

Fair to good
accuracy; instan-
taneous reading;
works over large
range of ten-
sions; can be
used for remote
reading or data
logging

Labor to install
and make field
readings; needs
some mainte-
nance; affected
by soil salinity;
not sensitive at
low tensions
(near field
capacity)

Tensiometers Soil moisture
tension

Tensiometer
tubes and vacu-
um gauge

Soil moisture
tension

Good accuracy;
instantaneous
reading of soil
moisture tension

Labor to install
and make field
readings; needs
maintenance,
especially with
prolonged high
tension

Gravimetric soil
moisture sample

Soil moisture
content by
weight of sam-
ple before and
after drying

Auger, contain-
ers and oven

Soil moisture
content

High accuracy Labor intensive;
time delay
between sam-
pling and results

Modified
atmometer

Reference Et
(substitutes for
other weather
measurements
used to calculate
Et)

Atmometer
gauge (Et
gauge)

Estimate of
moisture con-
tent

Easy to use;
gives direct
reading of refer-
ence Et

Needs calibra-
tion; it is only an
estimate

*Chart modified from Colorado State University Extension Bulletin no. 4.708 by I. Broner, Agricultural Engineer and
Associate Professor.



Crop Symptoms of Water Stress
Using the plant as an indicator is difficult because once symptoms appear, the plant
has usually already experienced a reduction in growth or damage to plant tissues, and
economic damage has been done to the crop.  However, a few methods have been
developed to indicate the onset of plant water stress.

Although these methods may show that the plant needs water, they give no indication
of how much.  It is very important to understand that they probably don’t indicate the
onset of water stress early enough for irrigation scheduling purposes.

Visual Symptoms. These include plant color, plant wilting, leaf
growth, fruit growth, as well as stem or trunk growth.

Leaf Temperature. Leaf temperature tends to be higher for a
stressed plant than for an unstressed plant.  Temperature can be
quickly measured using an infrared thermometer.

Leaf Reflectance. Water-stressed leaves reflect less infrared
light than the leaves of well-watered plants.  Aerial infrared
photography has been used to detect water stress in this way.

Instruments. Instruments can measure stomatal (leaf pore) con-
ductance and transpiration, which tends to decrease as water
stress becomes more severe.  

Irrigation Scheduling Using Evapotranspiration Data: The Checkbook
Method
The water balance or “checkbook” method can be used to schedule irrigation using
evapotranspiration and precipitation data. The method is inexpensive, simple and rel-
atively accurate. It assumes:

• soil water is a reservoir of available water;
• field capacity is reached when the reservoir is full (soil is saturated);
• crop water use (evapotranspiration) takes water out of the reservoir; and
• rainfall and irrigation add water to the reserve.

The checkbook method estimates soil water balance based on water loss from evapo-
transpiration and water gain from rainfall and irrigation. When the soil water balance
for the crop root zone reaches a predetermined level, the grower should begin irrigat-
ing. The grower needs to obtain daily evapotranspiration data from a reliable source
such as the National Weather Service. Atmometer gauges are also available for place-
ment on the farm and provide a good estimate of the evapotranspiration for certain
crops. The grower also needs to track daily precipitation data and keep a record of irri-
gation applications.  

The grower first must determine the maximum amount of crop-available soil water,
which is the field capacity of the soil in the root zone of the crop. The allowable soil
water depletion is then determined for the crop based on grower experience, literature,
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or the rule-of-thumb of 50 percent of the total crop-available soil water. This allowable
depletion level is known as the irrigation trigger point. During prolonged dry periods,
it is often not possible to apply water to crops quickly enough to stay above the irriga-
tion trigger point. To account for this, growers may need to begin irrigating some fields
before reaching the irrigation point. 

The checkbook water balance method is best begun after a soil saturating rain that
brings root zone soils to field capacity. The soil water balance is then updated daily by
subtracting the current water loss values (evapotranspiration) and adding current rain-
fall values and current irrigation values to the previous day’s soil water balance.   

Important Note: When using the checkbook method over several days or weeks, the
accuracy of the soil water balance method should be compared to direct measurements
such as the hand feel method or a few well placed reference sensors.  

Scheduling By Computer
Computer programs can be used to schedule irrigation according to the checkbook
method. The required information can be entered into a computer, which then does the
calculations and determines when irrigation is necessary. Also, an irrigation schedul-
ing worksheet can be easily built using a computer spreadsheet program.
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The State of Maine and the Federal governments have a responsibility to protect 
the quality and quantity of our natural resources.  As such, there are many differ-
ent agencies involved in setting standards and granting permission to alter a wet-
land or water body for irrigation water source development. 

The Maine Department of Environmental Protection (DEP) regulates projects in 
organized townships in Maine.  The Maine Land Use Regulation Commission 
(LURC) regulates projects conducted in unorganized territory and plantations.  
Such projects may be under Federal jurisdiction, and the agency responsible for 
this oversight is the United States Army Corp of Engineers (USACE).  Together 
with the United States Environmental Protection Agency (EPA), the USACE ad-
ministers natural resource permitting programs for the Federal government.  This 
guide will describe a step-by-step process for growers in order to ensure that there 
are no surprises along the road to permitting an irrigation water source. 

The USDA Natural Resources Conservation Service (NRCS) and the Maine De-
partment of Agriculture, Food and Rural Resources (MDAFRR) may be able to 
assist during many steps of this process.  They have the technical resources to 
produce dam designs and whole farm water use plans.  The NRCS would be able 
to conduct wetland delineations if they are required.  However, help from NRCS 
is dependent on local workloads and priorities.  Also, the Farm Bill requires that, 
if any significant assistance is given to a farmer for a project that alters wetlands, 
they must prepare a mitigation plan.  The USACE may also require a mitigation 
plan.  In that case the USACE requirements are used for USDA requirements.  
Eligibility for USDA programs may also be contingent upon adoption and adher-
ence to mitigation requirements.  The MDAFRR has cost share programs for new 
water sources and can provide assistance with water budgets and management 
plans. 

Introduction 

Points of interest: 

• State and Federal 
regulations must be 
reviewed and under-
stood 

• DEP and LURC are 
responsible for organ-
ized townships and 
unorganized territory, 
respectively (map on 
page 4) 

• Three project types 
include Wells, Ponds, 
and Direct Withdrawal 

• Some projects may 
require long-term 
monitoring following 
construction 
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SWCD—Soil and Water Conservation District 

NRCS—Natural Resources Conservation Service, USDA 

MDAFRR—Maine Department of Agriculture, Food & Rural  
  Resources 

USDA—U.S. Department of Agriculture 

DEP—Maine Department of Environmental Protection 

LURC—Maine Land Use Regulation Commission 

EPA—U.S. Environmental Protection Agency 

USACE—Army Corp of Engineers, Department of the Army 

DIF&W—Maine Department of Inland Fisheries and Wildlife 

ASC—Maine Atlantic Salmon Commission 

USFWS—U.S. Fish & Wildlife Service 

DMR—Maine Department of Marine Resources 

NMFS—National Marine Fisheries Service 

This dynamic (CD or web) document has many links in the text that lead to 
the actual documents that are necessary for permit applications as well as a 
few extra reference documents.  Note that red lettering in this document of-
ten indicates a link to web pages or files provided on this CD.  Complete 
web addresses are provided on page 17. 

The forms that are available via links in this guide are subject to periodic 
review and revision by the agency that issued them.  They are included here 
for your reference.  Most of the forms are in Adobe Acrobat (pdf) format 
and may be opened with Adobe Acrobat Reader that is available for free on 
the web.   

Resource Abbreviations 

Dynamic CD Available 
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Irrigation Water Source Permitting In Maine 

Links provided in the 
dynamic CD connect 
to files on the CD or 

Web pages 

Disclaimer: Appearance of organization names and images does not indicate or assume endorsement of this document.  They 
are provided here to help the reader identify some of the organizations involved in water use and development. 

http://www.adobe.com/products/acrobat/readstep2.html
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Permitting Process Summary Chart 

STEP 1 – Complete a Whole Farm Irrigation Water Management Plan 
 

STEP 2 – Arrange for a site visit with all interested parties 
 

STEP 3 – Submit permitting paperwork 
 

LURC 
 
 
 
 
 

Well Constructed Pond Direct Withdrawal 

•Attachments list 
•Data recording requirements 
•Water use reporting 

•Attachments list 
•Data recording requirements 
•Water use reporting 
•Pond / direct withdrawal form 
•Wetland supplement 

•Attachments list 
•Data recording requirements 
•Water use reporting 
•Pond / direct withdrawal form 
•Wetland supplement 

DEP 
 
 
 
 
 
 

•Permit by Rule form 
    (within 25-75’ zone of high- 
     water mark of water body 
     or open-water wetland) 
•Request for approval of 
     timing of activity form 

•Permit by Rule, 
•Irrigation pond general permit, 
•Cranberry permit, or 
•Individual permit  
•Request for approval of 
     timing of activity form 

•A temporary intake structure 
 without earthwork within 75’ 
 of a water body does not 
 require a permit.  However, 
 dewatering a resource is 
 prohibited under the NRPA. 

IFW 

•Request for approval of 
     timing of activity form 
•Consult regarding migratory 
     fish passage 

•Request for approval of 
     timing of activity form 
 

•Request for approval of 
     timing of activity form 
 

DMR & ASC 
 
 
 

•Request for approval of 
     timing of activity form 

•Request for approval of 
     timing of activity form 

STEP 4 – Visit the 
USDA Service Center 

USACE 
 
 
 
 
 

•Use LURC or DEP applications 
•Wetland mitigation plan 
•Essential fish habitat impact 
•Historical value evaluation 

•Swampbuster compliance forms 
AD-1026 and CPA-38 

Notes: 
•A DEP discharge license may 
be required for discharge of  
water into another water body 
that would change the class 
of the receiving water body. 
•Water use reporting for LURC 
is different than the water use 
reporting required by the 
MDAFRR for existing irriga-
tion. 

Tip: 
•USACE only requires 
preliminary pond construction 
engineering.  Final engineering 
can be completed following 
permit approval. 

•Request for approval of 
     timing of activity form 



 

LURC Jurisdiction 
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Use this link to view additional township maps. 

http://www.ume.maine.edu/~MIAL/maine_cd/second_page/land.htm


 

Well, Constructed Pond, and Direct Withdrawal 
Most of the elements for any permit will be included in a well-written water use 
plan.  The plan should include an analysis of alternatives, especially if the project 
will change a wetland in any way.  This includes well installment.  The USACE 
is very concerned that all projects avoid, minimize and mitigate affected water 
bodies, including wetlands.  Examples of alternative water sources are included 
in the Whole Farm Irrigation Water Use Template. 
 

Well, Constructed Pond, Direct Withdrawal 
It is important to discuss any project with the people that will review the permit application.  This is best 
done through a site visit with all state and federal agencies that have jurisdiction over the site location and 
project type.  Contact information is provided on page 18.  It is helpful to have someone from each agency 
present at the site visit, so that they can discuss their requirements and suggestions with the grower and 
with each other.  Often, these officials are willing to work with the grower and the other agencies to accom-
modate special needs as necessitated by each project.  Agency personnel prefer to have the Whole Farm 
Irrigation Water Use Plan before the site visit, so they can familiarize themselves with the proposed project.  
Provide this plan to each of the agencies invited to the site visit at least a week before the visit. 

At the site visit the farmer should be given, or notified about, each form or process the individual agencies 
will require in order to apply for their permit.  Some agencies such as the Maine Department of Inland Fish-
eries and Wildlife (DIFW) do not require a permit, but do require that certain conditions be met in order to 
facilitate the permitting process of other agencies.  It is important to be prepared for this meeting and to ask 
questions and take notes.  If the project will be affecting wetlands, have documentation 
to show alternatives that were considered to avoid, minimize and mitigate impacts.  If 
mitigation is necessary, offsite wetland creation / restoration / preservation may be re-
quired to compensate for lost functions and/or values of the original wetland area.  

 

STEP 1  Complete A Whole Farm Irrigation Water 
Management Plan 

STEP 2  Arrange For A Site Visit With All Interested Parties 
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Cattail - a plant indicating a 
wetland area. 

A Whole Farm 
Irrigation Water 

Management Plan 
should include current 

and future plans for 
water use.  

A wetland is an area that is inundated or saturated by surface or groundwater at a frequency 
and duration sufficient to support, and that under normal circumstances do support, a preva-
lence of vegetation typically adapted for life in saturated soil conditions.  This is according to 
the USACE.  An upland location is simply one that is not a wetland by the above definition. 

http://www.me.nrcs.usda.gov/technical/IrrigationInfo.html


 

Well 
 
LURC 
Activities in LURC territory are regulated or prohibited depending on the zoning code of the locality where 
the activity is planned to occur.  Consult zoning maps that are available from the regional LURC office in 
your area.   

LURC requires a permit for any activity that will alter the groundwater table.  This includes direct with-
drawals from streams, irrigation wells (considered an industrial or commercial well), constructed ponds of 
certain size and condition (see details in the ponds section of this document), the establishment of a pump-
ing site and the construction of any access roads that may be required.  Test wells and laying irrigation 
pipes do not require a permit.   

Below are a few attachments needed for any irrigation-related permit application.  This is not an all-
inclusive list, but it demonstrates the type of information necessary in a complete permit application for 
LURC.  

Note: For projects involving discharge of water into another water body that would change the receiving 
water body’s classification, a DEP discharge license may be required.   

1. Location Map (name and location of water body, size of pond/lake, stream/river classification) 
2. Right, title or interest for the site and Corporate Good Standing, if applicable 
3. Alternatives analysis (for special exceptions and/or wetland alterations) 
4. Farm irrigation plan (target crop acreage, irrigation season, gallons to be used, pumping rate) 
5. Site Plans and Erosion & Sedimentation Control Plans (if site improvements proposed) 

• Pump location (include containment and spill plan) 
• Access roads (if new to be constructed) 
• Engineered plans for dams, including outlet/spillway and outlet flow rate 

6. Hydrogeologic analysis 
• For large scale groundwater withdrawals 
• Pump test results, well logs, hydrographs, precipitation data (if available), test well locations 

7. Monitoring Plan (if surface waters or wetlands would be affected), see below 
8. Wetland Supplement 

• Delineation of wetlands to be filled or dredged 
• National Wetland Inventory (reference LURC zoning map) 
• Habitat assessment (if sensitive areas such as salmon or other significant fisheries, deer yards, vernal pools,  water-

fowl and wading bird habitat, or S1/S2 natural wetland communities are present) 
• Mitigation plan if an area of P-WL2 or P-WL3 Wetland larger than 20,000 square feet, or P-WL1 Wetland larger 

than 500 square feet, would be dredged or filled 
9. Application Fee 

STEP 3  Submit Permitting Paperwork 

Irrigation Water Source Permitting In Maine 
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Use a DEP Permit-By-
Rule (PBR) 

notification form for 
wells to be created 

between 25 and 75 feet 
from the high water 

mark of a water body 
or open-water 

wetland. 

LURC staff are sensitive to the needs of the environment and try their best to 
accommodate the needs of their customers.  They have minimal staff, consid-
ering the territory they cover, so this can mean that at a specific site certain 
data recording requirements may be a permit requirement, aside from the nor-
mal Water Use Reporting, which is a requirement for all irrigation permits 
granted by LURC.  (See more about Water Use Reporting in the Regulations 
section of this guide).  
 
DEP (Organized Towns) 

Wells which are located more than 75 feet from the high water mark of any 
water body or open-water wetland are not regulated by DEP.  If a well is to be 
located between 25 and 75 feet from the high water mark of a water body or 
open-water wetland it will be necessary to fill out a Permit-By-Rule  (PBR) 
notification form.  The PBR standards require that the DEP be notified if a 
project falls under the PBR and that all construction follow certain guidelines.  
View links to the DEP Overview of the PBR Process and the PBR Form.  De-
pending on the project it may be necessary to request permission for the tim-
ing of the project from other organizations.  Request For Approval Of Timing 
Of Activity forms are available from the Maine Department of Inland Fish 
and Wildlife, the Maine Department of Marine Resources, and the Maine At-
lantic Salmon Commission.  At the time of a site visit instructions will be 
given if this PBR application is suitable for the planned project at that site.  
During 2004, the Permit-By-Rule notification costs $55 to submit.  Additional 
information is available as DEP fact sheets.  
 
USACE 

The Army Corp of Engineers does not regulate surface or groundwater with-
drawals. 

NOTE:  If a well is to feed an agricultural pond it is necessary to decide 
whether the pond is to be located in a wetland or upland situation.  A pond 
created in an upland situation will be easiest to get approved, but it is often 
not feasible.  Refer to the next section on creating a pond for more details.  
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Well drilling rig. 

http://www.state.me.us/dep/blwq/docstand/ip-pbr.htm
http://mainegov-images.informe.org/dep/blwq/docstand/nrpa/pbrform.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/pbrifw.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/pbrifw.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/pbrdmr.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/pbrasc.pdf
http://www.maine.gov/dep/blwq/docstand/nrpapage.htm


 

Provide only 
preliminary 

engineering with a 
permit application and 

complete the 
engineering once a 
decision is made to 

proceed with a pond 
project  

Constructed Pond 
 
When proposing a pond, two of the major costs can be minimized.  Engineer-
ing and mitigation can be the most prohibitive costs when developing an irri-
gation water source.  When preparing a Farm Irrigation Water Management 
Plan, have some simple, preliminary engineering completed.  This is all that is 
needed for the USACE permit.  Either at the site visit or after submitting the 
paperwork the USACE will indicate what sort of mitigation is required, if any.  
At that time a decision can be made whether the mitigation will be prohibitive 
or not.  Final engineering can be completed once a decision is made to pro-
ceed with the project. 
 
Note:  In the Southern and Downeast Regions it is necessary to work with the 
Department of Inland Fisheries and Wildlife to ensure passage for migratory 
fish if an impoundment is part of the proposed project.  Migratory fish include 
alewives, shad, salmon, and sturgeon.  Likewise, in the Northern and Western 
Regions it will be necessary to consult with the DIF&W to ensure the passage 
of fish over dams.   
 
LURC 
Activities in LURC territory are regulated or prohibited depending on the zon-
ing code of the locality where the activity is planned to occur.  Consult zoning 
maps that are available from the regional LURC office in your area. 

LURC has a comprehensive form for application to construct a dug pond or 
impoundment, if a permit is necessary for the zone.  This is referred to as the 
LURC Irrigation Pond/Direct Withdrawal Form.  This form is not appropriate 
for small landscape ponds in upland areas that do not impound streams, nor is 
it necessary for residential purposes.  As of April, 2004, fees of $325 will be 
assessed for submission of this application and $50 is charged each time an 
alteration needs to be made to an approved application.  This application has 
many required submissions that are detailed therein, so it should be read thor-
oughly to ensure all necessary aspects are covered.  

If the activity involves a wetland in LURC jurisdiction it will be necessary to 
fill out a LURC Wetland Supplement Form.  
 
Constructed Ponds require a LURC permit if any of the following apply: 
• fed or drained by a stream 
• located within a P-WL1 wetland 
• larger than 4300 square feet within a P-WL2, P-WL3, P-GP or P-SL Sub-

district 

STEP 3  Continued - Permit Paperwork 

Irrigation Water Source Permitting In Maine 

Fish passage. 
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Use the LURC 
Irrigation Pond/Direct 
Withdrawal Form for 
a dug pond and the 

Wetland Supplement if 
the pond will impact a 

wetland  

http://www.maine.gov/tools/whatsnew/attach.php?id=2818&an=1
http://www.maine.gov/tools/whatsnew/index.php?topic=lurcfiles&id=2815&v=tplfiles


 

Select from four DEP 
permit applications for 

pond development 

• larger than 1 acre within a M-GN Sub-district 
• minimum vegetated buffers along wetlands & surface waters (75-100 feet) 

are not maintained. 
 
As noted under the Well section, LURC requires a permit for any activity that 
will alter the groundwater table.  This includes direct withdrawals from 
streams, irrigation wells (also considered an industrial or commercial well), 
constructed ponds of certain size and condition, the establishment of a pump-
ing site and the construction of any access roads that may be required.  Test 
wells and laying irrigation pipes do not require a permit.   
 
See the Well section for attachments to a permit that may be necessary.  Also, 
see the LURC water use reporting requirements under the Regulations section. 
 
Note: For projects involving discharge of water into another water body that 
would change the receiving water body’s classification, a DEP discharge li-
cense may be required. 

DEP (Organized Towns) 
The DEP regulates activities in water bodies and wetlands and within 75 feet 
of water bodies and open-water wetlands.  There are four avenues one might 
take to get a permit to construct an irrigation water source through the DEP.  
One may file an Irrigation Pond application, a Cranberry Permit, a Permit-By-
Rule application, or the most extensive application, the Individual Permit.  
First, determine if any permit is necessary.  Ponds in wetlands with no direct 
or adjacent  impacts (within 75’) to a water body, such as a river, stream, 
brook or lake, are exempt from DEP regulation under an agricultural exemp-
tion for farm ponds. 
 
Ponds in water bodies or with permanent intakes in water bodies may qualify 
for the Agricultural Irrigation Pond General Permit or a Cranberry General 
Permit.  The Irrigation Pond General Permit comes in two parts, Irrigation 
Pond Part A and Irrigation Pond Part B.  Projects for Cranberry production 
have specific forms, also in two parts, Cranberry Part A and Cranberry Part B.  
As noted, DEP has more information for help with this issue, such as DEP 
deadlines for notifying the applicant of the permit status.  As of the time of 
this publication, the Irrigation Pond General Permit and Cranberry Permit ap-
plications cost $190 and $199 to submit, respectively.  
 
Ponds or related activities within 25’ to 75’ of a water body or open-water 
wetland, with no direct impact to the water body or wetland may qualify for a 
simplified permitting process call the Permit-By-Rule.  The Permit-By-Rule 
(PBR) standards require that the DEP be notified if a project falls under the 
PBR and that all construction follow certain guidelines.  View links to a DEP 

Page 9 

 

Pond pumping station. 

Cranberry bog construction. 

http://mainegov-images.informe.org/dep/blwq/docstand/irpondap.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/irpondap.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/pondap.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/crancov.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/pondap.pdf
http://www.maine.gov/dep/blwq/docstand/ip-irrig.htm
http://www.maine.gov/dep/blwq/docstand/ip-irrig.htm


 

Use of the DEP 
Individual Permit will 

require early 
assistance from the 
local DEP office. 

Overview of the PBR Process and the PBR Form.  Depending on the project it 
may be necessary to request permission for the timing of the project from 
other organizations.  Also, following are links to Request For Approval Of 
Timing Of Activity forms from the Maine Department of Inland Fish and 
Wildlife, the Maine Department of Marine Resources, and the Maine Atlantic 
Salmon Commission.  At the time of a site visit instructions will be given if 
the DEP PBR application is suitable for the planned project at that site.  Dur-
ing 2004, the Permit-By-Rule notification costs $55 to submit.  Additional in-
formation is available as DEP fact sheets.  
 
If the project does not fall into any of these categories it is necessary to submit 
an Individual Permit.  This process is quite extensive.  If it is necessary to 
complete this application, contact the local DEP office for pre-application as-
sistance.  More information is available at the Natural Resources Protection 
Act web page. 
 
USACE 
The U.S. Army Corp of Engineers regulates the deposit of fill or any other 
material into the waters of the United States and therefore has jurisdiction 
pertaining to impoundments where irrigation water source permitting is con-
cerned. 

Agricultural activities are given special consideration under USACE rules.  
Accordingly, any activity in a wetland need NOT have a permit UNLESS the 
activity results in a change of use of the water body, impairs the flow or circu-
lation of water, or reduces the reach of the water body.  Therefore wetland 
ponds are exempt from permitting procedures unless: 

• Aquatic Base Flow standards are not maintained, as this would 
“alter the flow or circulation,” as limited above 

• The intake structure drains adjoining wetlands (such as a canal di-
verting the water from the stream through a wetland thereby drain-
ing the wetland) 

All other projects likely fall within their purview and it would be helpful to 
review their document called “Are You Planning Work in a Waterway or Wet-
land?”. 
 

STEP 3  Continued - Permit Paperwork 

Irrigation Water Source Permitting In Maine 

Wetlands are included as 
‘waters’ of the United States 
by USACE definition. 
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The term “waters” also refers to wetlands.  

The Aquatic Base Flow standards in each region are different.  The Department of Inland Fisheries and Wildlife has a certain 
standard, where other agencies may have another.  In Aroostook County during 2004 there remains a multi-year initiative to es-
tablish a Low-Flow policy by studying stream flows over several seasons.  The DEP is currently developing Low-Flow standards 
for Maine as mandated by recent state legislation.    

http://www.state.me.us/dep/blwq/docstand/ip-pbr.htm
http://mainegov-images.informe.org/dep/blwq/docstand/nrpa/pbrform.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/pbrifw.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/pbrifw.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/pbrdmr.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/pbrasc.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/pbrasc.pdf
http://www.maine.gov/dep/blwq/docstand/nrpapage.htm
http://www.maine.gov/dep/blwq/docstand/nrpapage.htm
http://www.maine.gov/dep/blwq/docstand/nrpapage.htm
http://www.nae.usace.army.mil/reg/wtrwywt.pdf


 

“Primarily the USACE 
is interested in 

avoiding impacts on 
wetlands…...their 

philosophy is—no net 
loss of wetland” 

Primarily the USACE is interested in avoiding any impacts on wetlands.  Like 
the State, their philosophy is “no net loss” of wetland.  If this cannot be done, 
all efforts are made to mitigate whatever losses do occur.  If it is necessary to 
mitigate (as will often be the case with the USACE) it will be necessary to de-
lineate the wetland, or survey it.  Linked here is the USACE manual they use 
to delineate a wetland and also a USACE checklist they follow for reviewing a 
mitigation plan presented by an applicant. 
 
Mitigation of a wetland can occur in one of four ways.  The USACE could 
require the creation of new wetlands where they don’t already occur (which 
will require replacement of  more than the original wetland lost due to the pro-
ject), restoration of ailing wetlands (which may or may not involve more wet-
land than was lost by the project), enhancement of an existing wetland (which 
will be a 1:1 ratio of lost to enhanced wetland) or, on rare occasions, the 

USACE may require as a prerequisite to being granted a permit that a wetland 
is protected or maintained by acquiring land adjacent to a wetland that will 
ensure the wetland health into perpetuity, or another similar method of protec-
tion. 
 
The USACE will require coordination with Conservation departments as dic-
tated by the location of the project.  Applicants may be required to describe 
and identify potential impacts to Essential Fish Habitat (EFH) based upon 
the location of the project, the activity proposed, and the species present.  
Conservation recommendations made by National Marine Fisheries Service 
(NMFS) or the Maine Department of Inland Fisheries and Wildlife (DIFW) 
will normally be included as a permit requirement by the USACE.  Informa-
tion on the location of EFH can be obtained from the NMFS regulations (50 
CFR Part 600) and on the NMFS web site.   

The EFH designation for Atlantic salmon includes all aquatic habitats in the 
watershed of the following rivers and streams, including all tributaries to the 
extent that they are currently or were historically accessible for salmon migra-
tion: St. Croix River, Pleasant River, Union River, Boyden River, Narra-
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Wetland area. 

The definition of mitigation involves: 
 
1. Avoiding the impact altogether by not taking a certain action or parts of an action. 
2. Minimizing impact by limiting the degree or magnitude of the action and its implementation. 
3. Rectifying the impact by repairing, rehabilitating, or restoring the impacted environment. 
4. Reducing or eliminating the impact over time by preservation and maintenance operations during the life of the action. 
5. Compensating for the impact by replacing or providing substitute resources or environments.  

Essential Fish Habitat, like any other Essential Habitat, is defined as an area where an en-
dangered species lives.  Any activities in these areas will need to be approved and monitored 
by the DIFW.  

http://www.saj.usace.army.mil/permit/documents/87manual.pdf
http://www.nae.usace.army.mil/reg/check.pdf
http://www.nero.noaa.gov/hcd/webintro.html


 

The USACE considers 
the LURC or DEP 
application as their 
application as well. 

guagus River, Ducktrap River, Dennys River, Tunk Stream, Sheepscot River, 
Hobart Stream, Patten Stream, Kennebec River, Aroostook River, Orland 
River, Androscoggin River, East Machias River, Penobscot River, Presump-
scot River, Machias River, Passagassawaukeag River, and the Saco River.  
 
Projects approved by the USACE will also require an historical value evalua-
tion and letter of approval.  In most cases a description of the site will be suffi-
cient for an historical/cultural appraisal to be made, but in other cases a staff 
person will visit the site to make an evaluation.  The Maine Historic Preserva-
tion Commission is listed under the Contact Information section. 
 
An USACE permit will be issued for life, but the project must be built within 
five years of the permit’s issuance or another application will need to be sub-
mitted.  The USACE considers either the LURC or DEP application as their 
application as well. Additional information regarding their requirements is 
available at USACE web site. 
 
Direct Withdrawal 
 
LURC 
Activities in LURC territory are regulated or prohibited depending on the zon-
ing code of the locality where the activity is planned to occur.  Consult zoning 
maps that are available from the regional LURC office in your area.   
 
LURC has a comprehensive form for applying to make water withdrawals, if a 
permit is necessary for the zone.  This form is not appropriate for residential 
garden withdrawals from surface water bodies where water lines are unburied.  
As of April, 2004 fees of $325 will be assessed for submission of this applica-
tion and $50 is charged each time an alteration needs to be made to an ap-
proved application.  This application has many required submissions that are 
detailed therein, so it should be read thoroughly to ensure all necessary aspects 
are covered.   
 
If the activity involves a wetland in LURC jurisdiction it will be necessary to 
fill out a Wetland Supplement Form.  Although this form is included in the 
LURC permit file above, this link will provide the most current version.   
 
As noted under the Well section, LURC requires a permit for any activity that 
will alter the groundwater table.  This includes direct withdrawals from 
streams, the establishment of a pumping site and the construction of any ac-
cess roads that may be required.  Laying irrigation pipes does not require a 
permit.   
 

STEP 3  Continued - Permit Paperwork 

Irrigation Water Source Permitting In Maine 

Migrating salmon.  Photo 
courtesy  of the NRCS. 

Aroostook River. 
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http://www.nae.usace.army.mil/reg
http://www.maine.gov/tools/whatsnew/attach.php?id=2818&an=1
http://www.maine.gov/tools/whatsnew/index.php?topic=lurcfiles&id=2815&v=tplfiles


 

LURC requires a 
permit for any activity 

that will alter the 
groundwater table.  
This includes direct 
withdrawals from 

streams. 

See the Well section for attachments to a permit that may be necessary.  Also, 
see the LURC water use reporting requirements under the Regulations section. 
 
DEP 
DEP regulates activities in water bodies and wetlands, and within 75’ of any 
water body and open-water wetland.  Intake structures that are temporary and 
can be installed without earthwork within 75’ of the water body do not require 
any DEP permitting. 
 
Earthwork with the zone of 25’ to 75’ of a water body would require the sub-
mission of a Permit-By-Rule notification form.  Return to the section for Con-
structed Ponds—DEP on page 10 for more information on guidelines and 
forms for the Permit-By-Rule process, including forms that must be submitted 
to other agencies.  At the time of this publication, the Permit-By-Rule notifica-
tion costs $55 to submit. 
 
Permanent intakes for irrigation and earthwork within 25’ of a water body will 
require a General Permit or an Individual Permit.  These permits are also de-
scribed under section Constructed Ponds—DEP on pages 9 and 10.  Contact 
the local DEP office for assistance or find additional information on the web 
in the form of DEP fact sheets.   
 
USACE 
The Army Corp of Engineers does not regulate surface or groundwater with-
drawals.  
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Irrigation pipe and risers. 

Permanent irrigation intake 
structure. 

Constructed Pond 

Eligibility for any USDA Farm Service Agency (FSA), Rural Development 
(RD) or Natural Resources Conservation Service (NRCS)) program hinges on 
compliance with the Swampbuster provisions of the Farm Bill.  Even if the 
applicant is not participating in any programs administered by the USDA, this 
process is necessary for future participation these programs.  Forms AD-1026 
and CPA-38 will need to be completed. 

STEP 4  Visit The USDA Service Center 

http://www.maine.gov/dep/blwq/docstand/nrpapage.htm
http://forms.sc.egov.usda.gov/eforms/Forms/AD1026.pdf
http://forms.sc.egov.usda.gov/eforms/Forms/NRCSCPA0038.pdf


 

LURC water use 
reporting as part of its 

permit 
approval…..does not 

take the place of 
reporting water use to 

the Department of 
Agriculture 

Irrigation Water Source Permitting In Maine 

Regulations: Water Use Reporting 
Water withdrawn from a well or from a surface water body may be subject to 
new State water use reporting.  Withdrawal volume must be of a certain size 
to “trigger” water use reporting.  Usage of more than 20,000 gallons from a 
river in any given 24-hour period would trigger water use reporting for the 
season.  Rivers with a watershed size of 75 acres above the point of with-
drawal have a varying threshold based on low flow.  Through this sliding scale 
threshold, reporting is NOT required of water users withdrawing less than 
one-percent of the low flow that is determined by averaging the last ten driest 
weeks in August (7Q10).  Withdrawals made from a lake are regulated simi-
larly.  Water withdrawals that draw a lake down less than one-half inch per 
week would NOT have to report.  Groundwater withdrawals are subject to 
reporting if more than 50,000 gallons are drawn on any given day, and those 
groundwater withdrawals taken less than 500 feet from a surface water-body 
are subject to the same reporting as dictated by the water body.  Use the 
MDAFRR template for reporting or use the MDAFRR web form to submit via 
the web.  Visit the MDAFRR Question and Answer page for more informa-
tion. 
 
Note: LURC requires water use reporting as part of its permit approval, but 
this water use requirement does NOT take the place of reporting water use to 
the Maine Department of Agriculture.  This means that a farmer in LURC ter-
ritory must fill out the Water Use Reporting procedure for the LURC permit 
requirement AND provide the MDAFRR with its data using the form or link 
provided in the paragraph above.   

Aroostook River water level 
gauge. 

Bottled spring water from 
New York, Maine and France. 
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Regulations: Low Flow 
The DEP, LURC and DIFW each have interest in maintaining a minimum 
flow of water in streams and rivers during dry conditions.  In Aroostook 
County there is a temporary stream minimum flow number called 7Q10.  This 
is defined as the average minimum flows in the driest week in August for the 
previous ten years.   Currently there is an effort at the State level to interpret 
data collected from several small streams in Aroostook County to establish a 
better formula that would be acceptable to both irrigators and wildlife.  This 
number will only be policy for Aroostook when it is developed.  Until that 
time, the DEP will be using this 7Q10 number as the basis for determining 
minimum allowable low flow.  Anyone found depleting the surface water 
level of a stream more than the 7Q10 number could face penalties. 

http://mainegov-images.informe.org/agriculture/mpd/irrigation/Water%20Reporting%20Form.pdf
http://www.state.me.us/agriculture/mpd/irrigation/WaterLawReporting.shtml
http://www.state.me.us/agriculture/mpd/irrigation/waterlaw.html


 

Monitoring of surface 
water bodies may be 

required for irrigation 
wells if groundwater 
withdrawals could 

potentially affect adjacent 
surface water. 

Data and Annual Reporting for LURC Irrigation Permits 
 
The following types of data are required for the permit application, for contin-
ued monitoring after the permit is issued, and for annual reporting:  
 
1.  Water Usage:  Monitoring is required for all types of irrigation permits. 
• Record volumes withdrawn by day, month and year. 
• Record pumping rates (generally estimated based upon number and type of 

sprinklers used). 
 
2.  Pond/Lake Levels & Stream/River Flows:  Monitoring of stage and/or 
flow is required for direct surface water withdrawals. 
• Record weekly the background stage or flow of ponds, lakes, streams, and 

rivers during irrigation, and one month preceding and following the irriga-
tion season. 

• Record daily when water withdrawals are occurring. 
• Determine stage-discharge relationships for flow monitoring sites. 
• Monitoring of surface water bodies may be required for irrigation wells if 

ground water withdrawals could potentially affect adjacent surface water. 
 
3.  Ground Water Levels:  Monitoring is required for large-scale (non-
residential) well permits. 
• Record background levels one month preceding and one month following 

the irrigation season. 
• Record levels weekly during the irrigation season at monitoring wells es-

tablished during pump testing. 
• As noted in 2, it may be necessary to record levels of adjacent surface wa-

ter bodies. 
 
4.  Wetland Monitoring:  Monitoring may be required on a case-by-case ba-
sis if the permit review determines that a ground or surface water withdrawal 
could potentially affect a wetland. 
• Piezometers are used to monitor water levels in the wetland, done weekly 

during the irrigation season and one month before and after the season. 
• Vegetation plots must be monitored once during the growing season. 
 
5.  Reporting: 
• Data must be available to LURC staff upon request during the irrigation 

season 
• Mid-season reports may be required in some cases. 
• An annual summary is required, generally by December 31 of the calendar 

year.  

Regulations: LURC Monitoring Requirements 
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Center pivot sprinklers. 

Measuring stream flow.  Photo 
courtesy of the NRCS. 



 

USACE 
 
Mr. Shawn Mahaney 
U.S. Army Corps. of Engineers 
RR2, Box 1855 
Manchester, ME 04351 
Telephone: 207-623-8367  
 
DEP 
 
Ms. Stacie Beyer 
Maine Department of Environmental  
Protection 
106 Hogan Road 
Bangor, ME 04401 
Telephone: 207-941-4594 
 
Central ME Regional Office 
17 State House Station, Augusta ME 04333-0017 
Phone: 287-3901, 287-2111 (land and water quality bureau) 
or 1-800-452-1942 (department); Fax: 287-7191. 
 
Eastern ME Regional Office 
106 Hogan Road, Bangor ME 04401 
Phone: 941-4570 or 1-888-769-1137; Fax: 941-4583 
 
Northern ME Regional Office 
1235 Central Drive, Presque Isle ME 04769 
Phone: 764-0477 or 1-888-769-1053; Fax: 764-1507 
 
Southern ME Regional Office 
312 Canco Road, Portland ME 04103 
Phone: 822-6300 or 1-888-769-1036; Fax: 822-6303 

 LURC 
 
Ms. Marcia Spencer-Famous 
Land Use Regulation Commission 
22 State House Station 
Augusta, ME 04333-0022 
Telephone: 207-287-2632 
 
Augusta Main Office 
Phone: 287-2631; Fax: 287-7439 
 
Ashland Regional Office 
Billie MacLean 
45 Radar Road, Ashland ME 04732 
Phone: 435-7963; Fax: 435-7184 
 
Greenville Regional Office 
43 Lakeview Drive, PO Box 1107, Greenville ME 04441 
Phone: 695-2466; Fax: 546-2799 
 
Millinocket Regional Office 
191 Main Street, East Millinocket ME 04430 
Phone: 746-2244; Fax: 746-2243 
 
Rangeley Regional Office 
2352 Main Street, PO Box 887, Rangeley ME 04970 
Phone: 864-5064; Fax: 864-5252  

Contacts: Permit Agencies 
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Irrigation Water Source Permitting In Maine 

Contacts: Planning Assistance 

 
NRCS / SWCD 
 
Natural Resources Conservation Service 
Soil and Water Conservation Districts 
 
 
 

Maine Department  of Agriculture, Food & Ru-
ral Resources 
 
Mr. John Harker 
Maine Department of Agriculture 
State House Station #28 
Augusta, ME 04333 
Telephone: 207-287-3871  

http://www.nae.usace.army.mil/reg/guide.pdf
http://www.maine.gov/dep/index.shtml
http://www.state.me.us/doc/lurc/index.shtml
http://www.maine.gov/agriculture/mpd/index.html
http://www.me.nrcs.usda.gov/
http://maineswcds.org/


 

EPA 
 
Mr. Dan Arsenault 
Environmental Protection Agency Region 1 
JFK Federal Building 
Boston, MA 02203 
Telephone: 617-918-1562 
 
Maine Inland Fisheries & Wildlife 
 
Mr. Steven Timpano 
Maine Department of Inland Fisheries & Wildlife 
State House Station #41 
Augusta, ME 04333 
Telephone: 207-287-3286 
 
U.S. Inland Fisheries & Wildlife Service 
 
Ms. Wende Mahaney 
U.S. Inland Fish & Wildlife Service 
1033 S. Main Street 
Old Town, ME 04467 
Telephone: 207-827-5938 
 

Maine Marine Resources 
 
Mr. Brian Swan  
Department of Marine Resources 
State House Station #21 
Augusta, ME 04333 
Telephone: 207-624-6550 
 
Atlantic Salmon Commission 
 
Norman Dube  
Atlantic Salmon Commission  
650 State Street 
Bangor, ME 04401 
Telephone: 207-941-4453 
 
Maine Historic Preservation Commission 
 
Earle G. Shuttleworth, Jr. 
Maine Historic Preservation Commission 
55 Capitol Street 
65 State House Station 
Augusta, ME 04333 
Telephone: 207-287-2132 

Contacts: Review Agencies 
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Adobe Acrobat Reader http://www.adobe.com/products/acrobat/readstep2.html 
DEP PBR Process http://www.state.me.us/dep/blwq/docstand/ip-pbr.htm 
DEP PBR Form http://www.mainegov-images.informe.org/dep/blwq/docstand/nrpa/pbrform.pdf 
Timing Of Activity form DIFW http://www.mainegov-images.informe.org/dep/blwq/docstand/pbrifw.pdf 
Timing Of Activity form DMR http://www.mainegov-images.informe.org/dep/blwq/docstand/pbrdmr.pdf 
Timing Of Activity form ASC http://www.mainegov-images.informe.org/dep/blwq/docstand/pbrasc.pdf 
DEP fact sheets http://www.maine.gov/dep/blwq/docstand/nrpapage.htm 
LURC Wetland Supplement http://www.maine.gov/tools/whatsnew/index.php?topic=lurcfiles&id=2815&v=tplfiles 
Irrigation Pond General Permit Part A http://www.mainegov-images.informe.org/dep/blwq/docstand/irpondap.pdf 
Irrigation Pond General Permit Part B http://www.mainegov-images.informe.org/dep/blwq/docstand/pondap.pdf 
Cranberry Permit Part A http://www.mainegov-images.informe.org/dep/blwq/docstand/crancov.pdf 
Cranberry Permit Part B http://www.mainegov-images.informe.org/dep/blwq/docstand/pondap.pdf 
DEP deadlines http://www.maine.gov/dep/blwq/docstand/ip-irri.htm 
Natural Resources Protection Act http://www.maine.gov/dep/blwq/docstand/nrpapage.htm 
USACE Waterway Guide http://www.nae.usace.army.mil/reg/wtrwywt.pdf 
USACE manual http://www.saj.usace.army.mil/permit/documents/87manual.pdf 
USACE checklist http://www.nae.usace.army.mil/reg/check.pdf 
NMFS web site http://www.nero.noaa.gov/hcd/webintro/html 
USACE web site http://www.nae.usace.army.mil/reg 
Water use reporting http://www.mainegov-images.informe.org/agriculture/mpd/irrigation/Water%20Reporting%20Form.pdf 
Water use web form http://www.state.me.us/agriculture/mpd/irrigation/WaterLawReporting.shtml 
Water use Q&A page http://www.state.me.us/agriculture/mpd/irrigation/waterlaw.html 

World Wide Web Addresses: 

http://www.epa.gov/region1/
http://www.state.me.us/ifw/
http://www.fws.gov/northeast/me.htm
http://www.maine.gov/dmr/crd/hmo/staff2.htm
http://www.state.me.us/asc/
http://www.state.me.us/mhpc/
http://www.adobe.com/products/acrobat/readstep2.html
http://www.state.me.us/dep/blwq/docstand/ip-pbr.htm
http://mainegov-images.informe.org/dep/blwq/docstand/nrpa/pbrform.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/pbrifw.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/pbrdmr.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/pbrasc.pdf
http://www.maine.gov/dep/blwq/docstand/nrpapage.htm
http://www.maine.gov/tools/whatsnew/index.php?topic=lurcfiles&id=2815&v=tplfiles
http://mainegov-images.informe.org/dep/blwq/docstand/irpondap.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/pondap.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/crancov.pdf
http://mainegov-images.informe.org/dep/blwq/docstand/pondap.pdf
http://www.maine.gov/dep/blwq/docstand/ip-irri.htm
http://www.maine.gov/dep/blwq/docstand/nrpapage.htm
http://www.nae.usace.army.mil/reg/wtrwywt.pdf
http://www.saj.usace.army.mil/permit/documents/87manual.pdf
http://www.nae.usace.army.mil/reg/check.pdf
http://www.nero.noaa.gov/nero/
http://www.nae.usace.army.mil/reg
http://www.maine.gov/agriculture/mpd/irrigation/WaterLawReporting.shtml
http://www.state.me.us/agriculture/mpd/irrigation/WaterLawReporting.shtml
http://www.state.me.us/agriculture/mpd/irrigation/waterlaw.html


 

CASWCD 
Linda Alverson, Executive Director 
99 Fort Fairfield Rd 
Presque Isle, Maine 04769 

Phone: 207-764-4153 x130 
Fax: 207-764-5289 
Email: linda.alverson@me.nacdnet.net 

Soil and Water Conservation Districts are subdivisions 
of State Government, but they are operated by private 
citizens, particularly a 5-member Board of Supervisors, 
Associate Supervisors, employees and volunteers.  
There are 16 SWCD’s in Maine which generally corre-
spond to county boundaries, with a few exceptions, 
such as multiple districts in Aroostook County.  
SWCD’s establish local priorities for conservation ef-
forts.  Emphasis is on agriculture and forestry, although 
urban development is a priority in some districts,  
SWCD’s hold workshops, set up demonstrations, offer 
educational programs, review development plans, and 
set priorities for one-on-one technical assistance at the 
request of land occupiers.  The Central Aroostook Soil 
and Water Conservation District acquired funding for 
this Permit Guide and the Maine Irrigation Guide from 
several sources, but especially from the Maine Outdoor 
Heritage Fund, the Maine Potato Board, and the Maine 
Department of Agriculture, Food and Rural Resources. 

 

The Maine Potato Board is made up of 12 members representing all 
facets of the industry.  Their mission is to “Provide a competitive envi-
ronment for our growers, processors, and dealers, creating both stability 
and the infrastructure for future growth, while promoting the economic 
importance to the state and quality of the product”. 

 

The Maine Outdoor Heritage Fund has a seven-member board consist-
ing of conservation interests from the state government and citizenry.  
They conserve wildlife and open spaces through the sale of instant Lot-
tery tickets.  Proceeds are used for grants of $1.5 annually on projects in 
four categories that promote recreation as well as conservation of 
Maine’s special places, endangered species and important fish and wild-
life habitat. 

 

The Maine Department of Agriculture, Foods and Rural Resources is 
the State’s lead agency dealing with all aspects of the food system from 
the field to the table. The Department maintains a mission of fostering 
opportunities for the agriculture community and of promoting steward-
ship of Maine’s natural resources. 

Funding Organizations 

“Grass-roots” support and guidance  
for local conservation programs. 

www.state.me.us/agriculture/oanrr/soil3.htm 

 
http:// 
www.mainepotatoes
.com 
 
 
http://
www.state.me.us/
ifw/outdoorheritage/
homepage.htm 
 
 
 
 
 
http://
www.maine.gov/
agriculture/
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Editorial note: 
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written by Eric Ireland, edited and formatted by 
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Dan Beaumert (NRCS) and others. 
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Introduction
to Irrigation

Costs and
Returns

by Timothy J. Dalton
Department of Resource Economics and Policy

University of Maine, Orono, Maine

Introduction
Variability in crop yield due to weather events can impact profitability. The use of irri-
gation for agricultural crops has different implications depending on the amount of
rainfall needed by the crop and the average annual rainfall of the location. In temper-
ate regions like Maine, where in some years there is enough rainfall to meet crop
needs, the analysis of the costs and benefits depends upon usage since it is used to sup-
plement crop needs when rainfall is insufficient. The range of use for supplemental
irrigation can be from “not at all” in wet years, to “frequently” in dry years and, as
such, the economic costs and returns of an irrigation system are highly variable from
year to year.

Annual irrigation costs are uncertain due to the unpredictability of rainfall and the
demand for irrigation water. This source of uncertainty largely determines the annual
cost of irrigation. During the production season, annual operating costs will accumu-
late depending upon the labor intensity of the system, the number of irrigation sets per
season, fuel and oil requirements, maintenance, as well as financing charges. One of
the most important problems facing decision makers is the ordering of alternative
investment decisions with different risky outcomes in order to determine which option
most reduces operator exposure to production risk.

This section describes costs and returns to irrigation systems,  summarizing the find-
ings in two studies on irrigation in Maine. One was conducted for wild blueberries and
a second for potatoes grown in Aroostook county.

To derive estimates of cost and returns to irrigation systems, a three-step procedure
should be used. First, a prototypical enterprise budget needs to be developed to cap-
ture the economic costs associated with irrigation. Second, variable weather and eco-
nomic factors associated with irrigation investment and annual usage need to be iden-
tified. Third, after identifying the elements affecting revenues and costs, the budgets
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must be repeated with  varying the rainfall amounts and subsequent number of irriga-
tions necessary per season.

To quantify the tradeoffs between initial investment and annual operating expense, dif-
ferent irrigation systems must be evaluated. For potatoes, moveable large gun systems,
hose reel traveler systems, and center pivot systems are practical systems to evaluate,
while a handline moveable large gun system, a large gun attached to a hose reel sys-
tem, a handline moveable small sprinkler system, and a permanent set small sprinkler
system are the most feasible alternatives for wild blueberries. Costs for each system are
demonstrated in this chapter for three field sizes. The investment costs of each system
are first calculated. These costs are then depreciated over the life of the system.
Second, the annual operating costs are calculated at different levels of usage. The
approach used to calculate the costs was the same for both crops. The findings for the
two crops are presented in separate sections.

Wild Blueberry Irrigation

In this analysis, each field is assumed to be equally divided between fruit-bearing
and non-bearing plants. All systems were designed to minimize rainfall risk on both
the fruiting and non-fruiting sides of the field. Due to limited water-holding capacity
of many soils in the blueberry-growing region, systems were designed to apply 2/3" of
water, twice a week to ensure that the field would receive 1" of water per week net of
application losses. In a worst case scenario, this is equivalent to having the capacity to
water the entire field to ensure bud formation on the vegetative half and berry filling
on the fruiting half during one week. The base models assume that 12 of these appli-
cations will occur on fruit-bearing land (effectively 6" of water per season) and four on
non-bearing land (2" of water per season). 

Table 1.  Irrigation system characteristics

Irrigation System    Investment Capital Frost Management          Labor 
Requirement Protection Input Requirements     Expandable

Handline Moveable Low No Moderate High Yes 1

Large Gun to High

Hose Reel 
Large Gun Low No Low Low Yes 1

Handline          Medium Limited          Moderate High Yes 1

Small Sprinkler to High          

Permanent Set High Yes Low Low N/A2

Small Sprinkler

NOTES: 
1Limited by pump capacity. 
2The systems are designed to cover the entire field so expansion is not considered.



Only the permanent set, small sprinkler system can provide complete field protection
against frost. The handline small sprinkler system can provide limited protection
depending upon how much area can be covered by the equipment. If frost damage is
the primary concern of the operator, then only these systems can effectively reduce
yield loss due to frost damage.

Cost Analysis Assumptions
All irrigation systems were assumed to be located on level, rectangular fields. The 25-acre
field measures approximately 1200' (length) by 900' (width), the 50-acre, 2400' by 900',
and the 100-acre, 2400' by 1800'.  Water is pumped from a farm pond located 100’ from
the irrigated field and all systems are assumed to have the same cost to develop the water
source: $15,000. The power unit, sized to meet system peak capacity, and pump are locat-
ed at the site of the pond. Water is pumped by a diesel power unit from the pond through
the main line to the lateral delivery lines and subsequently to the delivery systems.

Ownership Expenses
Total investment costs represent the approximate cost to establish the four different
systems described earlier, including water source development, diesel engine, pump,
main and lateral delivery lines, sprinkler system, and installation labor. These costs
were derived from interviews with irrigation equipment dealers conducted during
2001. Sales tax is not added to the total cost under the assumption that the grower
holds a commercial agricultural production sales tax exemption certificate.

Operating Expenses
Operating costs to run and maintain the irrigation systems are calculated in a partial
budget format; that is, only costs associated with the operation of the irrigation system
are captured. Each of these models assumes that there will be 12 irrigations per season
on the land producing fruit and four upon non-bearing acreage. There are four primary
components of the operating cost budgets: labor, power, maintenance, and interest
charges. 

Labor costs accumulate from two different sources: initial set up and end-of-season
take-down of the system and variable labor usage per irrigation, excluding managerial
time. These per acre coefficients are applied uniformly across the three different
acreage examples. A $9.40 hourly wage rate is applied in the calculations. This wage
rate is based upon the 2001 Adverse Effect Wage Rate of $8.17 and inflated by 15% to
account for meals and other benefits entitled to immigrant workers. Since managerial
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Total investment costs for irrigation system establishment ($/field)

Irrigation Systems                   25 Acres                      50 Acres                  100 Acres

Handline Moveable Large Gun $41,000 $  56,780 $  80,760

Hose Reel Large Gun $39,900 $  53,759 $  54,630

Handline Small Sprinkler $45,038 $  61,615 $  93,315

Permanent Set Small Sprinkler $63,564 $103,329 $185,750

Source: Authors’ calculation from model results



labor is not included in the calculation, a constant cost-per-acre labor charge is calcu-
lated for the four different systems.

Power costs are calculated by determining the number of hours that the pumping unit
will operate in order to apply 8” of water on bearing land and 2-2/3” on  non-bearing
growth. Total pumping time is inflated by 10% to account for flushing, system testing,
and mistakes. Total pumping time is then multiplied by hourly fuel-consumption rates
of the different diesel motors and then by the per gallon price of diesel fuel ($1.25).
This diesel price is based upon sales-tax-free prices from summer 2001. Average fuel
costs decline as acreage increases, reflecting economies of size in motor pumping.

Maintenance and upkeep charges are calculated for these systems as a fixed coeffi-
cient of initial purchase price. These coefficients represent an average charge that
should be incurred over the life of the irrigation component, not one representing a
new piece of equipment with little or no maintenance nor an old one with high upkeep
costs. Pieces of equipment with moving parts require higher maintenance costs than
fittings. Maintenance and upkeep on tubing represents limited unforeseen breakage.

The final component of the operating budget is an interest charge on working capital
used during the production season. The interest charge represents the financial cost of
a short-term operating loan or the opportunity cost of producer capital used to pay for
these expenses before blueberry receipts are received. A short-run nominal interest
rate of 8%, inflation adjusted to 4.7%, is applied over a seven-month period of time,
(e.g., April through October) on the balance of labor, fuel, and maintenance charges.
This rate is a representative rate provided to producers by the Farm Credit Service for
short-term operating loans.

Partial Cost Budgets for Wild Blueberries
Incremental cost budgets are calculated on a per acre basis. The cost budget of the irri-
gation system is composed of two elements: ownership costs tied to depreciation,
interest, tax, and insurance costs, and operating charges distinctly attributable to the
irrigation process. These budgets are presented in the following tables for the large
gun, hose-reel traveler, handline small sprinkler, and permanent set small sprinkler
systems, respectively. 

Overall, the hose-reel systems are the least expensive to own and operate, followed by
the handline big gun system, and the handline sprinkler system. The permanent set
system is the most costly. These illustrative budgets can be used to examine the trade-
offs between capital investment and annual operating charges, in particular, tradeoffs
between equipment and labor. The largest cost component lies with depreciation and
interest on the irrigation equipment. Depreciation and interest accounts for 50% to
63% of total cost in the handline systems, 40% to 62% in the traveler systems, and 75%
for the permanent set sprinkler arrangement. The importance of this cost category
decreases as field size increases, illustrating economies of field size. 
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Labor is the second most important cost component. Both handline systems require
considerable seasonal labor to move and operate the irrigation systems. Total labor cost
is the highest on the handline sprinkler system, followed by the handline big gun sys-
tem. Permanent set systems have the third highest labor cost due to initial set-up and
take-down requirements. 

The third most important cost category is linked to fuel costs. Although the permanent
set systems require the largest diesel engines for pumping, they run the fewest hours
to deliver the required water. As a result, fuel costs are only 2% of the budget.
Combined, fuel, labor, and depreciation and interest costs account for about 90% of
total irrigation costs.
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Irrigation Systems

Cost Components Handline Traveler          Permanent
Depreciation and Interest 50 – 63% 40 – 62% 75%

Labor 16 – 33% 5 – 12% 5 – 12%

Fuel Costs 6 – 10% 16 – 38% 2%

Cost estimates for moveable big gun sprinkler systems ($/acre)
25 Acre 50 Acre                  100 Acre

Annual Operating Costs
Labor $ 56.40 $ 56.40 $ 56.40
Fuel 33.19 21.20 20.40 
Maintenance and Upkeep                   36.82 23.59 15.69 
Interest 3.44 2.75 2.52 

Total Operating Costs $129.85 $103.94                     $ 95.01 

Annual Ownership Costs
Depreciation and Interest $171.16 $115.76                      $ 80.88 
Tax and Insurance 11.15 7.72 5.49 

Total Ownership Costs $182.31 $123.48 $ 86.37

Total Annual Cost Per Acre               $312.16 $227.42 $181.37 

Source: Authors’ calculation.

Cost estimates for hose-reel systems ($/acre)

25 Acre 50 Acre                  100 Acre
Annual Operating Costs

Labor $ 16.73 $ 16.73 $ 16.73
Fuel 55.76 70.36 70.36 
Maintenance and Upkeep                   45.77 30.76 15.46 
Interest 3.22 3.20 2.79 

Total Operating Costs $121.47 $121.05                     $105.34 

Annual Ownership Costs
Depreciation and Interest $175.43 $115.09                      $ 58.22 
Tax and Insurance 10.85 7.31 3.71 

Total Ownership Costs $186.28 $122.40 $ 61.93

Total Annual Cost Per Acre               $307.75 $243.45 $167.27 

Source: Authors’ calculation.
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Cost estimates for handline small sprinkler systems (($/acre)

25 Acre 50 Acre                  100 Acre
Annual Operating Costs

Labor $ 97.76 $ 97.76 $ 97.76
Fuel 33.19 20.94 20.64 
Maintenance and Upkeep                  34.04 20.72 13.64 
Interest 4.49 3.79 3.59 

Total Operating Costs $169.48 $143.21                     $135.63 

Annual Ownership Costs
Depreciation and Interest $270.06 $182.66                     $126.61 
Tax and Insurance 12.25 8.38 6.35 

Total Ownership Costs $282.31 $191.04 $132.96

Total Annual Cost Per Acre              $451.78 $334.25 $268.59 

Source: Authors’ calculation.

Cost estimates for permanent set small sprinkler systems ($/acre)

25 Acre 50 Acre                  100 Acre
Annual Operating Costs

Labor $ 51.36 $ 51.36 $ 51.36
Fuel 10.82 8.78 8.78 
Maintenance and Upkeep                  40.36 25.84 23.07 
Interest 2.79 2.34 2.26 

Total Operating Costs $105.33 $  88.32                     $  85.48 

Annual Ownership Costs
Depreciation and Interest $319.84 $292.02                     $271.56 
Tax and Insurance 17.29 14.05 12.63 

Total Ownership Costs $337.13 $306.08 $284.19

Total Annual Cost Per Acre              $442.46 $394.39 $369.67 

Source: Authors’ calculation.



Potato Irrigation

The three technology-alternative irrigation systems used to irrigate potatoes are dis-
tinctly different. In general, systems that have a high initial investment cost require
less annual labor to operate than low investment cost systems. In addition, the techni-
cal operating characteristics of the three systems are different and affect fuel and main-
tenance requirements. Given the highly variable requirement of irrigation water from
year to year, the tradeoff between investment (and hence annual ownership cost) and
variable operating costs is important. In years where irrigation is not required, systems
with low fixed costs will be preferred to systems with high fixed costs. On the other
hand, during years when demand for irrigation water is high, systems with low oper-
ating costs per acre-inch of water will be preferred to high operating cost systems.

Ownership Costs
Capital investment costs were determined through interviews with irrigation engineers
and equipment dealers familiar with the production conditions of northern Maine. For
each system and field size, investment costs were calculated over five cost centers: 1)
permitting and water source development; 2) the pumping system; 3) the main line
and lateral delivery system; 4) the water application system; and 5) miscellaneous and
system-specific costs. Total investment costs were calculated based upon prevailing
market conditions in the fall of 2001 and winter of 2002. The total investment cost for
each system is calculated based upon representative conditions facing growers in this
region, including a water source that is approximately one-half mile from the fields, an
elevation change of 125 feet, and a flat fee of $15,000 for permitting and engineering
studies on water withdrawal. All remaining components are sized to insure that one
inch of water per week may be applied to the fields. 

Overall, this table illustrates the dichotomy between lower cost “flexible” systems and
more capital intensive systems. By comparison, the center pivot irrigation systems are
between 46% to 68% more expensive than the lowest cost moveable large gun systems.
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Total investment costs for irrigation system establishment of potatoes ($/field)
Irrigation Systems 50 Acres        100 Acres 200 Acres
Handline Large Gun $  56,568           $  72,772           $  95,409
Hose Reel Traveler $  59,077           $  75,828           $117,677
Center Pivot $  94,933           $106,229           $151,186



Total investment costs are converted to annual ownership costs using annual equiva-
lent worth analysis.  This approach converts total investment cost to an annual basis
using amortization and other time-value-of-money techniques in order to derive an
economic value for fixed equipment with a lifespan of more than one year. In compar-
ison with the fixed annual cost of supplemental irrigation, annual operating cost is
contingent upon the demand for irrigation water. 

Operating Expenses
Annual variable costs associated with irrigation include labor to prepare the system for
its first usage, the labor required per irrigation set, fuel to operate the pumping system,
maintenance and upkeep charges, and financing charges linked to operating expenses
accrued during the season.

Labor costs accumulate from two different sources: initial setup and end-of-season
take-down of the system, and variable labor usage per irrigation. These per acre coef-
ficients are applied uniformly across the three different acreage examples. A $9.40
hourly wage rate is applied in the calculations. This wage rate is based upon the Maine
Adverse Effect Wage Rate of $8.17 and inflated by 15% to account for meals and other
benefits entitled to immigrant workers. Alternatively, it can be seen as the benefits pre-
mium (Social Security, Unemployment Compensation, Workers Compensation
Insurance)  attached to attract local workers from non-agricultural employment alter-
natives. Since managerial labor is not included in the calculation, a constant cost-per-
acre labor charge is calculated for the four different systems.

Power costs are calculated by determining the number of hours that the pumping unit
operates in order to apply the required amount of irrigation water. Total pumping time
is inflated by 10% to account for flushing, system testing, and mistakes. Total pump-
ing time is then multiplied by hourly fuel-consumption rates of the different diesel
motors and then by a representative per-gallon price of diesel fuel ($1.25). Average fuel
costs decline as acreage increases, reflecting economies of size in motor pumping.

Maintenance and upkeep charges are calculated for these systems as a fixed coeffi-
cient of initial purchase price. Maintenance and upkeep coefficients are derived from
interviews with equipment dealers and referenced against Paterson et al. (1996a;
1996b). These coefficients represent an average charge incurred over the life of the irri-
gation component, not one representing a new piece of equipment with little or no
maintenance nor an old one with high upkeep costs. Pieces of equipment with moving
parts require higher maintenance costs than fittings. Maintenance and upkeep on tub-
ing represents limited unforeseen breakage.

The final component of the operating budget is an interest charge on working capital
used during the production season. The interest charge represents the financial cost of
a short-term operating loan or the opportunity cost of producer capital used to pay for
these expenses before potato receipts are received. A short-run nominal interest rate of
8%, inflation adjusted to 4.7%, is applied over a seven-month period of time (e.g., April
through October) on the balance of labor, fuel, and maintenance charges.
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Nearly 90% of potato production in Maine occurs in the northernmost county of the
state. As such, this study evaluates the cost of irrigation systems located within this
geographical area and in the context of the historical weather patterns in the heart of
the growing region. Over the 40-year period from 1959 to 1998, total rainfall during
June through August was normally distributed with a mean of 11.8 inches and a vari-
ance of 5.8 inches. Nonetheless, the probability of receiving one inch of rainfall per
week, to insure proper crop development, is highly variable. During the early part of
the season, this probability drops to less than 20%, and during the critical stages of
tuber bulking in August and early September, it is less than 35% (NCDC). 

Operating Costs and Benefits Estimation
Uncertainty in cost estimation arises from not knowing with precision how much irri-
gation water will be required during the season. Since usage is not known with cer-
tainty, the underlying cost functions also are not known with certainty.  As the annu-
al ownership costs are fixed without respect to usage, this component of total annual
cost favors systems with lower investment costs. On the other hand, these lower cost
systems have higher variable operating costs per application. The large gun systems
require significantly more labor than the hose reel travelers or the center pivot systems.
Fuel costs are dependent upon the  size of the pumping unit and the number of hours
that the system is operated. Maintenance and upkeep charges are related to usage and
the investment cost of the systems.

Annual ownership costs are netted from gross expected revenue and total variable
costs of production. The problem is subject to the producer constraint that 14 inches
of water is needed on the crop over the months of June, July and August. This amount
of crop water can be applied in the form of irrigation water or through rainfall. Water
applied through irrigation is a function of the inputs used in irrigation process given
the stock of capital and the technical requirements of irrigation technology alternative. 

The decision to irrigate is determined by summing the difference between the desired
one inch per week and observed rainfall amounts until a cumulative one inch deficit
is achieved. Once the deficit occurs, the field is irrigated to insure that one inch reach-
es the crop.

Based upon weather data between 1959 to 1998, total seasonal rainfall is normally dis-
tributed with a mean of 11.8 inches, a standard deviation of  2.4 inches, an observed
minimum of 7.2 inches and maximum in excess of 14 inches. Therefore, irrigation
requirements range from zero inches to 6.8 inches per season, but average 2.2 inches
per year. The decision to irrigate, however, is contingent upon a one-inch deficit to pre-
vent infrequent and costly short irrigations. Based upon these characteristics, net
returns to irrigated and non-irrigated production are calculated. These results are
compared to determine the mean benefit and the risk reduction effects. 

Partial Budget Results
Based upon the expected demand for irrigation water, cost budgets for the three sys-
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tems over three acreages are presented in the following tables. These cost budgets are
calculated based upon the expected value of the number of irrigations. Several trends
merit discussion. In the annual operating cost category, per-acre power costs decline
as acreage increases due to non-linear fuel consumption of larger diesel engines.
Maintenance and upkeep charges also decline, reflecting the impact of distributing
these costs over a larger acreage. 

Ownership costs also decline as acreage increases. Despite higher investment costs as
acreage increases, these costs are distributed over a wider irrigated area, thereby
decreasing average cost per acre. As tax and insurance charges are based upon the
replacement cost of the system, they decrease on a per acre basis when diffused over
larger fields.

According to the budget results in the table, the handline large guns are the lowest cost
irrigation technology based upon expected irrigation usage. Comparison between the
acreage sizes indicates decreasing average cost per acre, or economies of size in irriga-
tion. Doubling acreage from 50 to 100 acres decreases the average total annual cost of
irrigation by 27% and 29% for the handline and traveling gun systems but by 43% for
the center pivot system. Doubling field size again, from 100 to 200 acres, decreases
average total annual cost by 22%, 12% and 28% for the handline large gun, hose reel
traveler and center pivot systems, respectively. Overall, this implies that the average
annual total cost is nearing its size efficient minimum for the hose reel traveler system,
but size economies still exist for the two other systems. 
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Hand line-Big Gun System: Expected annual irrigation cost budgets 
for three technologies over three acreages ($/acre)

50 Acres 100 Acres                200 Acres
Annual Operating Costs

Labor $ 27.26 $ 27.26 $ 27.26 
Power 23.23 14.66 14.10  
Maintenance and Upkeep                   14.43 9.92 6.99
Interest 1.79 1.43 1.34 

Total Operating Costs $ 66.71 $ 53.27                     $ 49.69

Annual Ownership Costs
Depreciation and Interest $ 83.65 56.34                         36.46  
Tax and Insurance 4.94 3.57 2.55 

Total Ownership Costs $ 88.58 59.91 39.02

Total Annual Cost                          $155.29 $113.18 $ 88.71 



Risk Management Attributes of Irrigation Systems
Given that demand for irrigation water is dependent upon rainfall, the resulting cost
estimates will have a variable component mirroring the derived demand for irrigation
water. While total cost increases with the amount of irrigation water applied, average
cost per acre-inch of water declines. Nonetheless, when this budget is added into the
non-irrigated crop production budget, total annual cost of production will be greater
under irrigation in all states of nature. Revenue will vary according to total annual
rainfall. Revenue variability is decreased under irrigated production but the expected
impact will not always be greater than non-irrigated production, i.e. in years when
supplemental irrigation is not required. As a result, the net return to irrigation may not
always be positive, especially in years when limited water is applied to the crop.
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Hose Reel Traveler System: expected annual irrigation cost budgets
50 Acres 100 Acres                200 Acres

Annual Operating Costs
Labor $  9.21 $ 9.21 $ 27.26 
Power 41.82 29.32 14.10  
Maintenance and Upkeep                   24.96 19.08 17.10
Interest 2.10 1.59 1.51 

Total Operating Costs $ 78.09 $ 59.20                     $ 56.03

Annual Ownership Costs
Depreciation and Interest $ 93.88 62.70                         50.99  
Tax and Insurance 5.31 3.85 3.46 

Total Ownership Costs $ 99.19 66.55 54.45

Total Annual Cost                          $177.28 $125.74 $110.48 

Center Pivot System: expected annual irrigation cost budgets
50 Acres 100 Acres                200 Acres

Annual Operating Costs
Labor $  4.77 $  3.99 $  5.05
Power 25.21 15.83                       11.01
Maintenance and Upkeep                   45.74 23.83                       16.29
Interest 2.09 1.21                         0.89 

Total Operating Costs $ 77.81 $ 44.86                     $ 33.25

Annual Ownership Costs
Depreciation and Interest $135.85 $ 76.21                     $ 54.10  
Tax and Insurance 9.66 5.44                          4.04 

Total Ownership Costs $145.51 $ 81.64                     $ 58.14

Total Annual Cost                          $223.32 $126.51                   $ 91.39 



The median net return per acre to irrigated production is uniformly higher for all irri-
gation systems applied on 100 or 200 acres, but lower for the center pivot on 50 acres.
As a result, two distinct cases occur. In the 100 and 200 acre scenarios, irrigation is an
important tool to increase profitability and decrease exposure to weather related pro-
duction risk. In the 50 acre cases, median income does not always increase. 

Water Development Costs
One of the greatest sources of uncertainty facing potato producers is the cost of devel-
oping a water source to meet irrigation demands. The presented scenario is represen-
tative of historical water source development costs but largely underestimates current
and future costs. Most growers who currently irrigate are located in areas where direct
water withdrawal from rivers and streams is possible. This technique is currently in
disfavor by state and federal authorities with jurisdiction over permitting and will be
highly regulated in the near future.

In the future, in some locations of Maine, irrigators will be required to withdraw water
from impoundments or ponds, rather than directly from streams or rivers, thereby
increasing the engineering and construction cost. In addition, these ponds may require
state permitting and environmental impact assessment. Currently, environmental best
practices call for the development of upland ponds rather than impacting wetlands in
lowland areas. Both alternatives forbear significantly higher development costs.
Upland ponds are extremely expensive because conditions are conducive to infiltra-
tion. As such, for these ponds to retain water, an artificial impermeable layer may need
to be constructed. On the other hand, if a pond is created in a lowland area, the pro-
ducer may be required to mitigate any damage to the surrounding lowland or wetland
ecology. As such, most experts believe that the $15,000 previously spent to develop a
water source will only cover basic environmental engineering and permitting applica-
tion costs. Construction, non-trivial engineering and environmental impact assess-
ment, plus wetland mitigation, will increase initial investment and annual ownership
expense substantially.

As such, the cost of water source development is a key factor in the decision to invest
in irrigation or not. The profitability and risk analysis must be reevaluated when
increasing the cost of water development from the base level of $15,000 by $50,000
and $100,000. This cost of water source development can cause a substantial increase
in the cost of irrigation but is realistic of recent grower experience. Increasing water
development costs do not affect the risks of any of the irrigation options at the 200 acre
scale. While the profitability differences decline, irrigation still increases net returns
per acre. 

On the other hand, the decision to adopt limited irrigation at 50 acres is sensitive to
initial water development cost. When costs increase to $65,000, only the handline gun
system is risk efficient for a slightly risk averse producer at the 50 acre scale and the
medium investment system for someone who can be characterized as a “highly” risk
averse producer. At $115,000 of start-up cost, non-irrigated production dominates all
irrigation technologies at 50 acres of coverage. Increasing water development costs has
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an important impact on the scale level of  a producer’s decision to adopt irrigation
technology. 

As such, and holding all other constraints constant, current environmental policy to
regulate water development will increase the breakeven scale at which irrigation
becomes risk efficient. The current state Department of Agriculture’s Water Source
Development Cost Share program may be used to achieve welfare improving solutions
through cost-sharing water development investment. Under the second scenario,
where resource development costs are estimated at $65,000, a 75% cost share would
reduce the impact at the 50 acre scale. 

Conclusions
Supplemental irrigation has often been described as an “insurance policy.”  Due to the
high investment costs associated with irrigation, size economies are an important com-
ponent of feasibility. Current state and federal farm policy is promoting water devel-
opment cost sharing. This policy will have an important role in inducing the adoption
of systems for farmers who are seeking to adopt smaller scale systems. On the other
hand, farmers who do not qualify for cost shares will be required to adopt irrigation on
a larger scale in order to receive the risk management benefits.

For more information please see the following publications available from the Maine
Agricultural and Forest Experiment Station at the University of Maine:

Dalton, Timothy J., Andrew Files, David Yarborough. 2002, “Investment, Ownership and
Operating Costs of Supplemental Irrigation Systems for Maine Wild Blueberries.”  Maine
Agricultural and Forestry Experiment Station Technical Bulletin 183.

Dalton, Timothy J. and David Yarborough. 2004, “The Economics of Supplemental Irrigation
on Wild Blueberries: A Stochastic Cost Assessment.”  Small Fruits Review. 3(1/2): 73-86.

Dalton, Timothy J., Gregory A. Porter and Noah Winslow. 2003, “Profitability and Risk
Management Benefits of Supplemental Irrigation on Northern Potatoes.”  Resource Economics
and Policy Staff Paper 515.

Dalton, Timothy J. , G. A. Porter and N. Winslow. 2004, “Risk Management Strategies in
Humid Production Regions: A Comparison of Supplemental Irrigation and Crop Insurance.”
Agricultural and Resource Economics Review. 32(3): 220-232.
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Abbreviations

ABF Aquatic Basal Flow
BMP Best management Practices
CASWCD Central Aroostook Soil and Water Conservation District
cfsm Cubic feet per second per square mile of watershed
Et Evapotranspiration
GPS Global Positioning System
IF&W Maine Department of Inland Fisheries and Wildlife
LURC Land Use Regulation Commission
MASC Maine Atlantic Salmon Commission
MAWMAC Maine Agricultural Water management Advisory Committee
MDAFRR Maine Department of Agriculture, Food and Rural Resources
MDEP Maine Department of Environmental Protection
MDOA Maine Department of Agriculture
MGS Maine Geological Survey
NOAA National Oceanic and Atmospheric Administration 
SPCC Spill Prevention, Control and Countermeasure
SWCD Soil and Water Conservation District
USDA United States Department of Agriculture
USDA-NRCS United States Department of Agriculture, Natural Resources 

Conservation Service
USF&W United States Fish and Wildlife Service
USGS United States Geological Survey
7Q10 A low flow that occurs for seven consecutive days in a 10-year 

recurrence interval
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Aroostook Water and Soil Management Board

Policy

How To Deal With Low Flow Periods  
and Irrigating Farmer’s and Environmental Concerns 

in Aroostook County

Adopted by the Board on March 1, 1996

1. Identification of Irrigators in Aroostook County
A. The Soil and Water Conservation Districts will conduct an irrigation survey start-

ing in 1995.  Identification of irrigating farmers is critical to determining the
extent of water use and the potential future withdrawal trouble spots.  Other state
conservation districts will be made aware of the need to identify irrigators in
their respective areas, and to seek funding for a full statewide survey.

2. Responding to Low Flow Complaints on Existing Farms (Complaint
Driven)

A team of agencies will respond to low flow complaints in the following manner:
A. For any complaints received, complaints will be channeled to DEP to be logged.

DEP will contact code enforcement officers, Conservation District offices,
NRCS, Maine Department of Agriculture and Maine Department of Inland
Fisheries and Wildlife representatives.

B. The Conservation Districts will contact all agency representatives to alert them
to do the follow-up evaluations.  The District will contact the farmer to inform
the farmer of the complaint and encourage voluntary participation in this pro-
posed whole farm plan concept.

C. NRCS will, if requested by the farmer, do a preliminary site visit with the farmer
to do a farm plan that will include assessment of water needs for the farm and
identify short and long-term solutions for the farmer

D. The University of Maine Cooperative Extension will evaluate the water use tech-
nique and help NRCS evaluate the whole farm for employment of best manage-
ment practices in the plan.

E. If a stream is involved, contact will be made with USGS to determine if a stream
gauge could help assess the stream low flow, if a gaugeing station is not alredy
available.

F. If a reservoir is an option, all agencies will assess the site to determine wetland
jurisdiction for wetland use for reservoir development, including a wetland delin-
eation and a determination of permit requirements, if any.  These assessments
will be reported to NRCS and the farmer.

G. Inland Fisheries and Wildlife will start an assessment of impacts on wildlife for
the existing situation and report findings to the farmer and NRCS to be incorpo-
rated into the whole farm plan.  If IF&W will, at it’s option, conduct appropriate
on-site investigations.
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H. The Aroostook Water and Soil Management Board and Maine Department of
Agriculture will provide policy support and assist in publishing BMP practices
for the farming irrigation system.  The Maine Department of Agriculture will
provide overall support and will summarize findings for NRCS, Extension and
the Farmer.

3. New Irrigation Developments (Non-Complaint Driven)
The Board recognizes the need to assist farmers in reducing risks by adoption of irrigation.
A team of agencies will, if requested, assist farmers in determining how irrigation can be
implemented on their farm.  Agencies will respond in the following manner:

A. Any request for assistance will be directed to the Conservation Districts initially.
The Districts will contact NRCS, Maine Department of Agriculture, the area
DEP Office, Inland Fisheries and Wildlife and Army Corps of Engineers repre-
sentatives.

B. The Conservation District and NRCS and Extension, if requested, will work with
the farmer to do a whole farm plan assessment of irrigation water needs for the
whole farm and identify short and long-term solutions for the farmer.

C. DEP will assess the site for possibility of reservoir development, wetland identi-
fication, and identification of other potential users downstream and give the
report to NRCS and the farmer.

D. Inland Fisheries and Wildlife  will start an assessment of potential impacts on
wildlife and report findings to the farmer and NRCS.  IF&W will, at it’s option,
conduct appropriate wildlife assessments on-site.

E. The Aroostook Water and Soil Management Board and Maine Department of
Agriculture will provide overall support and will summarize findings of the
above agencies for future reference.

4. Establishment of a Drawdown Limit for Impacted Rivers and Streams
The Board has determined that maintaining a withdrawal limit that does not impact wildlife
and fisheries on all water resources is a long-term goal.  Therefore, the Board will:

A. On a site by site basis establish an interim 7Q10 limit or other observed/histori-
cal documented low flow natural level while working on development of the
whole farm plan.

B. At sites where drawdown is creating damage to fish and wildlife, a phased-in ten
year program for implementing site specific ABF withdrawal limits will be
implemented.

C. IF&W, along with DEP, USGS, and MSGS will conduct assessments on fish and
wildlife impacts at low flows to validate concerns of wildlife specialists and to
help establish a final low flow limit on any site where a 10 year limit is being
considered.

D. New impoundments shall passively pass the lesser of site specific ABF or inflow.
E. Irrigation withdrawal from Great Ponds, where water levels and outflows can be

controlled, shall be limited such that the lesser of site specific ABF or inflows is
maintained. 

F. During extreme drought conditions (such as in 1995) when minimum flows natu-
rally fall below 7Q10 or other observed/historical documented low flow levels,
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jurisdictional regulatory agencies will negotiate with growers withdrawing from
impacted rivers, streams, Great Ponds and impoundments on streams and rivers,
to establish a rate of application (withdrawal) necessary to sustain plant health.

5. Encourage Wetland Use and Impoundments on Streams as
Alternatives to Water Withdrawals from Streams
The Board is concerned that establishing withdrawal limits will eliminate irrigating on
some rivers and streams unless other sources of water are available.  The Board will
work to:

A. Establish state law to allow for use of wetlands in cases where withdrawal limits
may impair irrigation and farming.

1) DEP NRPA exemption already exists for development of irrigation
ponds in wetlands and should be continued.

2) Federal Clean Water Act 404 Exemptions already exist for irrigation
ponds for existing operations and should be continued.

3) No State or Federal exemptions exist for “New” farm developments
such as for cranberries.  The State will need to investigate changes at
the state and federal level.

B. Establish State law to allow for use of impoundments in cases where withdrawal
limits may restrict irrigation and farming.  

1) DEP will develop a general permit for impoundments on rivers and
streams.  The General Permit will also establish BMP’s for develop-
ment of impoundments to minimize impact on down-water fisheries
and wildlife.

C.
6. Financing for Reservoir Development

The Board reviewed the costs associated with development of reservoirs and found
reservoirs to be expensive alternatives to pumping from streams.

A. The Board will encourage starting a state/federal fund to cost share new
impoundments for those farms where a limit on drawdown may apply.

7. Establish Educational Program to Encourage Adoption of Whole Farm
Plans and to Clarify the Low Flow Plan to Farmers.
The Board  is concerned that establishing this plan alone will not resolve the lack of
information transfer to assist growers in identifying suitable options for deciding
whether to irrigate or to develop water supplies for existing irrigation systems for their
farms.

A. A permitting process, technical assistance and educational plan is recommended
to assist farmers.

B. The Board will request that the agencies put together a plan for educating the
farm community on the newly created policy and for the use of BMP’s for site
specific cases of impacts to streams and rivers.  The funding of such a program
should be included in the recommendations.
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Kleinschmidt Energy and 
Water Resource Consultants
75 Main Street, P.O. Box 576

Pittsfield, ME 04967
207-487-3328

www.kleinschmidtUSA.com
(natural resource consulting, wetlands permit-

ting, wetland mitigation)

Magellan Enterprises, Inc.
317 Main Street

Yarmouth, ME 04096
207-846-3611
(hydrologist)

Sevee & Maher Engineers, Inc.
P.O. Box 85

Cumberland Center, ME 04012
207-829-5016

dwb@ssmemaine.com
(engineering, irrigation systems, environmental

permitting and monitoring)

Balanced Engineering
8 Horseshoe Lane

Hampden, ME 04444-1640
207-862-6535

balnengr@midmaine.com

Bradshaw Civil  Engineering Services
95 Hinkley Point Rd.

Dennysville, ME 04628
207-726-5065

dlbradshaw@earthlink.net
(civil engineering services including pond

design)

S.W. Cole Engineering, Inc.
555 Eastern Avenue

Augusta, ME 04330-6700
207-626-0600

(pond development, civil engineering)

Jacques Whitford Company, Inc
R.R. 1 Box 36
Pike Hill Road

West Topsham, VT.05086
802-439-6282

www.jacqueswhitford.com

Civil Engineering Services
465 So. Maine Street

P.O. Box 639
Brewer, ME 04412

207-989-4881
brewer@ces-maine.com

(civil engineering services, environmental moni-
toring, permitting)

Buck Engineering
409 Main Street

Presque Isle, ME 04769
207-764-2622

Well Drillers

Goodwin Well and Water Company
2282 Auburn Road

P.O. Box 661
North Turner, ME 04266

1-800-287-7861

Palmer Brunswick Well Drilling
36 Mere Point Road

Brunswick, ME 04011
207-729-3262

Yankee Water Systems
P.O. Box 316 Route 5

North Waterboro, ME 04061
207-793-4410

Temple Well Drilling
326 Post Road

Bowdoinham, ME 04008
207-666-3026

R.E. Chapman Company
30 North Street

West Boylston, MA 01583
508-835-6231

Western Maine Water Company
50 Thing’s Corner Road

Limerick, ME 04048
207-793-2201
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Well Drillers, continued—

Sunco Pump and Well Drilling, Inc.
280 Sabattus Rd.

Sabattus, ME 04280
1-800-357-4661

Hansen’s Well Drilling, Inc
68 Phinney Street

Gorham, ME 04038
877-839-3293

Marquis Michaud Well Drilling
13 Pelletier Avenue

Frenchville, ME  04756
800-251-7562

Estey Water Wells
Wonderview

Mapleton, ME 04757
800-480-6148

Levesque Well Drilling
684 Madawaska Rd.
Caribou, ME 04736

207-493-7760

Irrigation Equipment Suppliers

Ag Engineers, Inc
29 Walnut Crest Road

Gorham, Maine 04038-2640
207-854-2481

Larchmont
11 Larchmont Lane

PO Box 66
Lexington MA 02420

781-862-2550
larchmonteng@aol.com

Brookdale Fruit Farm
Rt 130

PO Box 389
Hollis NH 03049

603-465-2241
info@brookdalefarms.com

Chauncey Farm
119 Bridle Road

Antrim NH
603-588-2857

Belle Terre Irrigation, LLC
8142 Champlin Road

Sodus NY 14551
315-343-1323

www.dripsupply.com

Stearns Irrigation Inc
790 Federal Furnace Road

Plymouth MA 02360
508-746-6048

Maine Potato Growers, Inc.
P.O. Box 271

Presque Isle, ME 04769
207-764-3131

www.mpgco-op.com

OA Newton
118 Manton Ave 

Providence RI 02909
401-272-8899

ken.b@oanewtonirrigation.com

Griffin Greenhouse & Nursery Supplies
50 West Gray road

Gray, ME
207-657-5442

The Drip Store
395 North Hale Ave

Escondido, CA 929029 
760-735-3225

www.dripirrigation.com
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