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How To Cut Harvesting And Storage Losses
by Howard Voelker

APPENDIX C

You'll read later in this Research Bulletin how hayiage 
will produce more energy (TDN) than silage, a faster 
rate of gain, more milk, more meat, more profit.

While hayiage can do all that, it needs help from the 
farmer. To take lu l l advantage, the farmer must:

• Follow the proper steps to produce quality forage. 
(See Dr.W.F. Hueg's "Establishing a Quality Forage 

Crop" on pages 20 and 21.)
•Make sure he harvests and handles his hayiage 

crop for m a x i m u m  benefits.
Storing is only one step to producing excellent 

forage. Other equally important steps are harvesting 

for m a x i m u m  nutritional value, wilting to the proper 
moisture level, and chopping to sufficient fineness 
without losing protein-rich leaves.

One of the most c o m m o n  mistakes is waiting Ioq 
late to cut the crop. W h e n  tire alfalfa plant reaches lull 
bloom, the nutritional value has greatly decroased. 
A ll a lia  should  be cu t a l Ihe boo l stage or no later than 
10% bloom. By cutting earlier, many farmers are able 
to add an extra cutting to the growing season.Bui 
don't measure your crops by tonnage; quality is more 
important than quantity.

Alfalfa as a major forage crop produces high yields 
and has a high protein content. A multi-billion dollar 
lorago, il Is Important we harvest efficiently to reduce 
field and storage losses.

Research conducted at South Dakota State Univer­
sity* gives us the following information about silage 
losses and what the causes are.

In early research with wood bunker silos it was 
found that carotene (which ptovidos Vitamin A) ir 
silage was higher at a 60.2% moisture level than r 
73.8%. Hero quality of feed was compared at two dif­
ferent moisture levels. (Moisture level of hayiage is 
the lower). The higher moisture silage had a foul odor. 
Also, caiotene values were higher In the bottom of 
bunkers than in the top after 5 to 7 months of storage, 
which sugested better preservation where there was 
less air.

Crude fiber and ash also increased at the higher 
moisture level. It was estimated that alfalfa silage 
preserved in a wood bunker lost 32.5% of its weight 
between filling and feeding.

However, in the oxygen-lim iting  Harvestore system, 
a lte r several m onths there was a to ta l loss o f on ly 
1.7%. In a repeated trial, the weight loss was approx­
imately 6%.

In another experiment, alfalfa-brome was cut and 
left to dry. The plan was to dry half tho crop to 5 0 %  
moisture for concrete silo storage and the other 5 0 %  
to a slightly drier level for the Harvestore. After each 

structure was only partially filled, rain delayed 
harvesting.

After the crop was stored in the concrete silo thore 
was an overall loss of 16.1% of the dry matter In the 
rain damaged hayiage. Tho dry matter loss in the bot­
tom of the concrete silo, not rained on, was 11.6%.

In the Harvestore there was a loss of 4.2% of the 
material not rained on. In total weigh-ins and -outs, 
there was a 4.9% loss.

Whal about loss duo lo the formation of acids*1
Tho acids which developed in the two systems were 

estimated. Moisture levels were 3 3 %  10 51%. Alsp, 
glass jars wore used to prevent alfalfa silage at these 
lovels and at 7 6 %  moisture. Noto the results in Table
1.

As you can see thore was no evldenco of 
undesirable butyric acid developtnent in tho 
Harvestore. However, lactic acid (which gives hayiage 
its good taste and pleasing odor) values were the 
highest!

N o w  let’s look at a comparison of storage losses.
Alfalfa silage and hayiage losses are summarized in 

Table 2.
Samplos ol tho alfalfa from the above test were 

taken for chomic alanalysis. Averagos of the composi­
tions are listed in Tablo 3.
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APPENDIX C Continued

From Table 3 you will see that the greatest dif­
ferences in the types of storage occurred in the ash 
and the nitrogen-free extract portions.

As the carbohydrates were used as energy in the 
silage fermentation, the proportion of ash increased. 
A storage loss of 11.6% occurred in the bunker over a 
three month period. The Harvestore p roduced a loss 
o l only 4°/o.

What about losses in the field? Remember, it is im­
portant to get the alfalfa to the storage structure with 
ma x i m u m  benefits.

Losses in the field as alfalfa dried were determined 
and samples were taken for chemical and dry matter 
analysis.

The alfalfa for hayiage was chopped at 3 0 %  
moisture. In mid-afternoon some of the hay was baled 
resulting in high leaf losses with a recovery of only 
77.2% dry matter. Waiting until evening to bale the 
hay resulted in toughter leaves and a 90.2% recovery 

of dry matter.
One fact emerges —  the higher the moisture con­

tent, the higher the percent of recovery. The recovery 
of drv matter in harvesting was 94.6% when moisture 
levels were 40.4% or higher.

Analysis of the field recovery indicated significant 
differences in dry matter recovery. Hayiage and green 
alfalfa were significantly higher than hay in recovery 
ol dry mattor.

H o w  about nutritional values? Samples were 
analyzed lor carotene and protein.

The carotene decreased as the alfalfa dried. Protein 
was highest In tho slightly wilted alfalfa.

Table 1. Average Acid Content of Hayage and Silage.

Type ol storage 
and allalla Butyric Propionic

Kind ot Acids 
Acetic Formic Lactic Succinic

Harvestore hayiage 
Concrete silo, hayiage 
Jars, silage

00 04 
14 05 
77 09

2 57 It
1 84 08
2 51 09

8 90 t 60 
5 30 00 
3 79 51

Table 2. Alfalfa Losses in Bunkers and Harvestore.

Structure Moisture
Carotene 
as tod

Total weight 
lossos

Bunker
Harvesloic

I'M 
(iti 6 
48 9

lMcg/g!
38
7?

1%) 
32 4 
3 4

Table 3.
Changes in composition of alfalfa during preservation.

Nllrogon

Strucluro
Elhor
oxlract

Crude
llbor

Crude
protoln Ash

Iroe
extract

(% ol dry mattoii
Bunker
as ensiled 3.0 23.3 21 1 8.9 43 7
as toed 2 9 20 0 21 2 12 0 37 9
Change -  1 f 2 7 t- 1 + 3 t - 58

Harvesloic
as ensiled 2 9 22 0 22 (i 9 7 42 2
as led 3 2 25 3 <\ 2 9 0 41 3
Change + 3 *• 33 - 1 4 - 7 - 9

What about non-protein nitrogen content?
Samples were taken as tho alfalfa was harvested. 

The samples wore sealed in glass jars and analyzod 
for ammonia, nitrates and nitrites. Nitrites may be 
toxic to animals. Tho moisture levels did not have a 
consistent effect on ammonia values.

Nitrites appeared to be lowest when thore were no 
rai.is and the weather was favorable to drying alfalfa. 
A further test showed that green cut alfalfa tended to 
be highest in nitrites, with some trends towards 
reduced nitrites as the alfalfa dried.

About tho autnor...

HOWAIil) VOELKER is n prolossoi ol 0.uiy science nl 
South Dakota Stato University Ho received Ins B S 
Iron! low,i Stale University, mailing in daily pioduc- 
lion. and ins M S trorn Kansas Stato Umvoisily in 
daily scionco lie icceived his doctor's degiee liom 
Iowa Slate in 1955 Ho has conducted toseaich in 
toiagc preservation and published numerous articles 
relating lo dairy production
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A P P E N D IX  D

RESEARCH TEST - VITA FERM COW CALF
T O : B io -Z y m e  E n t e r p r is e s , In c . S t .  J o s e p h , M is s o u r i

F R O M : D w ig h t A lb e r s , H a z e n , N o rth  D a k o ta

S U B J E C T :  2 8 2  d a y  fe e d  tr ia l w ith  15 h e a d  S im m e n ta l c r o s s  s t e e r s .

R A T IO N : B a r le y  & O a t s , A lf a l fa  H a y ia g e , a n d  V IT A  F E R M  C O W  C A L F .

AVG. TOTAL TOTAL AVG. C O S T
AVG. TOTAL DAILY LBS. FEED PER LB.

DATE WT. 15 HEAD GAIN FEED CO S T GAIN

11-23-76 474 7,110

9-01-77 1,126 16,890 2.3# 175,559 $2254.59 23.05c

COST CO S T
KIND OF FEED PER LB. TOTAL LBS. TOTAL COST PER HEAD

Barley and Oats 3.4c 39,000 $1326.00 $ 88.40

Alfalfa Hayiage .5c 135,360 676.80 45.12

VITA F E R M  C O W CA L F 21.0c 1,199 251.79 16.79

175,559 $2254.59 $150.31

Selling price

Avg. cost per pound g"in 

Total pounds gained

Total lbs. feed to produce one lb. of beef

Total profit on gain

Avg. profit per head on gain

39c/#

23.05c

9,780#

17.957

$1559.91

$ 103.99

The health record on this pen of steers was excellent. There was no evidence of runny or droopy eyes. The cattle 
did it all.

I feel that the proper vitamin-mineral balance provided by the VITA FERM C O W  CALF was a great factor in the feed 
efficiency in this high roughage ration.

Dwight Albers

For lurlhor information on tho olemonts on the Vita Form Systom • nutrition, ma n a g e m e n t  and gunotics • consult your Bio-Zymo roprosontatlvo 

or wrlto lo:

%
*Ch7 d P*°

_______________ B I O - Z Y M E

E N T E R P R I S E S ,  I N C .
TOLL FRtS I-SOO-S21.JO70 IN MISSOURI CALL COLLECT (SIS) SM-W* 

1231 ALABAMA ST. JOSIRH, MISSOURI MS04
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APPENDIX D Continued

Outstanding Accomplishments of 
SMITH and MARSHALL HEREFORDS

N O R C A T U R , K A N S A S

with VITA FERM SYSTEM

S M I T H  and M A R S H A L L  H E R F O R D S  have combined genelics 

ma n a g e m e n t  and the VITA F E R M  S T E M  to produce a herd of 

registered cattle that produce and preform the wa y  every cattle­

m a n  hopes to attain.

- fe r t il ity , c a lv in g  e a s e , so u n d  u d d e rs

Previous to the VITA F E R M  S Y S T E M ,  Ihe usual problems plagued 

Ihe S M I T H  and M A R S H A L L  herd, —  dead calvos. retained 

placenta, calf scours, lato cycling after calving, poor conception, 

not enough milk, and weaning weights that were unsatisfactory. 

S M I T H  and M A R S H A L L  started using Ihe VITA F E R M  S Y S T E M  

n May, 1978 and listed bolow are s o m e  ol the results and benefits 

attained as of September 10, I'JBO:

1 Have completely eliminated call scours

2 Stronger calvos at birth They get up guickei and got to the 

colostrum milk.

3. Have had no lulained placenta

4 C o w s  cycle early aftoi calving

5. G o o d  conception and c o w s  calve on tune.

0. Have eliminated 8 0 %  of Ihe Veterinarian bill. Vet n o w  co n­

centrates on preventive medicine and vaccinations.

7 3 0 %  better conversion ol Ihe giass and hay.

8 A  herd bull that worked both tail and spiing crops, weighed 

2240 lbs as a 3 yr. old in working conditions, oil grass 

and VITA F E R M  (JOE. a living replica of his famous sire 

1.1 Dom i n o  739.)

9. Suporior development ol loplacemenl hollers and bull 

calvos.

10 Even with 1980 adverse weather, c o w s  had good hair coat 

and lop blootn condition at all tunes.

P R O D U C T IO N  A C C O M P L IS H M E N T S  

on th e  V IT A  F E R M  S Y S T E M

A  Produced bull calf woaning weights ol 660 lbs. in 1979,

B Produced 100 porcent calf crop in 1979.

C  Produced 9 7 %  calf crop dale in 19B0

D  Produced Ihe heaviest and hlghost woight per day ol ago 

Senior Bull call ovor s h o w n  In Denver.

E. First calf heifers showing full development, good floshing 

with largo calves at side.

F Fertility, calving ease, sound udders,and good milk production 

are n o w  a trademark of S M I T H  and M A R S H A L L  C O W S .

• • COMMENTS BY BOGEB SCHLICK, Morland, Kansas Vita Fori,. 
Serviceman:
‘ ‘Sm ith and M arsha ll have used tho Vita Form  p roducts as they 
shou ld  bo used. They used Vita Form  6:2 :2 with p oo r qua lity 
rouqhage availab le to winter cows. They kept Vita Perm Cow C a ll 
5 out tree-choice at a ll times. Tho resu lts  are an outstanding  herd  
o l l le re fo id  cattle.
OUB CONGBA TULATIONS TO SMITH AND MARSHALL HERE- 
FO RD S !"

c h e d

Vita Form System brings out tho Qonotlc Potential - 
Wrlto or call -

_______________ B I O - Z Y M E

E N T E R P R I S E S ,  I N C .
TOLL FREE 1-600-421-3070 IN MISSOURI CALL COLLECT (116) 2360126 

1231 ALABAMA ST. JOSEPH. MISSOURI 64S04
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APPENDIX D Continued

Attn: Max Pearl 
Ehlert’s Feed & Supply Co.
Fairport, M O  64447

Dear Max:

In 1963,1 first became acquainted with your Vita Ferm products. Having done business with you 
for many years, I decided to try this new product that you were so high on. I would like to pass on 
the results I have had feeding it continually for 15 years.

M y  beef-cow herd has averaged about 50 head in these 15 years. Up until the time I started 
feeding Vita Ferm, m y  calf crop percentage was about 85%. For the past 15 years, m y  average has 
been 97%. I have very little trouble with cows breeding, calving or cleaning. M y  face fly problems 
have been considerably less and m y  calves have averaged over 50# per head more at weaning time.

This herd has used from Va to Vs less grass in the summertime, and also less hay in the winter­
time. Tne calves at 30 days of age are already eating out of weather vane salt feeders and because 
of this the cows stay in much better flesh (he year around. I a m  able to utilize mu c h  poorer 
roughages, such as stock fields and milo stubble. M y  cattle are contented and easy to handle.

I used to feed blocks and cubes at a cost of 12 to 14c per head per day. The past 15 years m y  in­
vestment has been from 5 to 6c per cow/calf unit. I feed this product the year around, and m y  con­
sumption per cow/calf unit runs about 4 oz. per day. I’m  completely satisfied with the Vita Ferm 
System. If anyone would like to contact me, I'd be glad to answer any questions.

Sincerely,

September 25,1978

Signed: Leland Warner
Maysville, M O  64469 
Ph: 816 449-5878



v n te  S P o lle d  jK '& re fe v d
GORDON BLUME 

Phone 472-0619

Redfleld, S. Dak. 57469

APPENDIX D Continued

August 21, 1978

Dear Mr. Ehlert:

W e  began feeding Vita Ferm nearly two years ago and w e  are amazed at the results that w e  have 
obtained. In our annual sale last February, we had so many people compliment us on how 
good the cattle looked. These bulls have received seven pounds of grain plus Vz pound of Vita 
Ferm 6:2 plus hay and silage.

W e  creep fed our calves last year on oats and Vita Ferm and then used Vita Charge when we 
weaned them W e  never treated a calf (In a fall when death losses for many neighbors were 
running high). After two weeks on Vita Charge we put the bull calves on Vz pound of 6:2 plus 5 
pounds of grain, 4 pounds of alfalfa, and corn silage. From when we weaned in October until we 
weighed again in April, we had several bulls gain over 3 lbs. per day, in one of tfie coldest and 

worst winters on record.

W e  feel that w e  have nearly eliminated any eye problem or breeding troubles since we began on 
the Vita Ferm System. I would truly recommend it to anyone.

Sincerely,

B L U M E D  P O L L E D  H E R E F O R D  F A R M

Gordon & Thordys Blume
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APPENDIX D Continued

. arry Ehlert 
Biozyme Enterprises 
St. Joseph, Mo. 64504

Dear Larry:

I apologize for no‘. taking the time earlier to tell you what w e  have been doing with Vita Ferm and how 
satisfied w e  are with the results.

As you know, this is about our 10th year on the Vita Ferm System. Dad was in the grocery business and 
trying to take care of our cow herd while m y  brother and I were in college and spending time in the service. 
Dad was feeding 2 lbs. of cottonseed per day which was time consuming and expensive.

Then he heard about the Vita Ferm System and started feeding Vita Ferm at the rate of 2 oz. per head per 
day free choice and only had to put it out every 14 days, rather than feeding every day. The economics was 
much better also as it cost 5c for Vita Ferm and salt and about 10f for the 2 lbs. of cottonseed. Dad felt the 
cattle wintered just as good as ever and the herd health was excellent. He definitely felt he got more good 
out of 2 oz. of Vita Ferm than he did the 2 lbs. of cottonseed.

For over a year m y  Dad marketed our heifers through his grocery store. He took 700W heifers and fed them 
for 60 days a ration of ground milo, 2 oz. Vita Ferm per head per day and alfalfa hay.

I have been h o m e  for two calving seasons and can give you some excellent results.

Our cows have been on the Vita Ferm total nutritional system year around with no other supplementation 
or additional minerals or vitamins. Our heid health is excellent. In 1973 out of 125 cows and first calf 
heifers we had one open cow and 2 open heifers. The calves were strong, including the heifers, and tho 
calves got up within a 30 minute average time and got the colostrum milk. The cows gave ample milk and 
cleaned very well. They bred back easily as is evidenced by our 1974 calf crop. W e  had 120 of 125 calves 
leaving 5 open cows and 43 of 47 replacement heifers calved. There were no retained placentas. There 
was a small percentage of the calves getting pneumonia and scours with no death loss on the cows’ 
calves, but lost 2 calves from heifers. If we count our 9 open cows and heifers and our 2 head death loss, 
we will wean a 9 4 %  calf crop in the fall of 1974. This is excellent when you figure our cost per cow calf 
unit at $19.00 per year for the Vita Ferm feeding system. Our cows run on native grass in the summer and 
fall and run on wheat and milo stubble in the winter.

Larry, we have just concluded one test with Vita Ferm and alfalfa hay in confinement and we are still con­
ducting a test with cattle grazing alfalfa and having access to Vita Ferm.

W e  put 93 steers weighing an average of 670 lbs. in confinament on a ration of straight alfalfa hay free 
cnoice and Vita Ferm and salt mixturo free choice for 51 days. On May 13 we weighed the steers and they 
averaged 735 lbs. for a gain of 1.27 lbs. per day. W e  killed two steers that dressed out 5 4 %  and graded 
High Good. They were killed at Ce.vlness Packing Company in Dalhart and graded by a grader from Swift 
Packing Company in Guymon, Oklahoma. Tho grader said they would just about go Low Choice because 
of the youthful eye appealing carcass.

W e  1 re eating one of tho steer carcasses now and it is tender and had a good flavor and m y  wife likes not 
havir g all that fat you find on grain fed cattle. W e  have even eaten cattle fed on the Vita Ferm System and 
found a great adventure in eating beef.



W e  haven’t completed our grazing season on alfalfa yet, but we have 140 heifers on 50 acres of alfalfa and 
the Vita Ferm System and it looks like they are gaining over 2 lbs. per day and are carrying the flesh of 

grain fed heifers of comparable weight (050#).

Since w e  have been on this program there have been many cattlemen switch to the Vita Ferm System just 

by looking at our cattle.

The Vita Ferm M.O. has provided nutrition and Magnesium Oxide for cattle on wheat pasture from which 
cattle have experienced poisoning in the early spring. Mr. Jimmy Summerour, Manager of Summerour 
Ranch (one of the biggest in the Texas panhandle) is completely sold on using the M.O. on wheat pasture. 
Two years ago he lost 5 head on wheat before he started using M.O. He hasn't lost any since.

C o m e  see us.

Yours truly,

(s) Ralph Poter & Sons 
Dalhart, Texas



A P P E N D IX  E  

Excerpt From A Speech by John Milne,

“ Beef Production”
2nd Annua! Alaskan Agricultural Symposium

Our cattle operation is basically a cow-calf feedlot 
operation. W e  calve them in February or March, put 
them on the grazing lease during the summer, wean 
them in October, winter them over, and then in the 
spring w e  decide whether we will sell them as 
feeders, leave them in the feedlot and finish them out 
or put them back on grass and finish them next year. 
In the spring w e  have these options that, depending 
on market, determine just what w e’ll do with them 
from that point on,

Another requirement for these winters is a good 
supply of straw. I a m  a firm believer in having a lot of 
straw. W h e n  w e  start baling in the fall, we bale until 
!he snow flies. W e  get all the straw we can. It is ab­
solutely essential if you’re going to winter calves. It is 
necessary for bedding. Good barley straw is good for 
stretching your feed supply, and you can actually get 

by with itif you run out of hay. You canmake do by 
feeding barley straw and barley grain. It will pull you 
through short periods quite nicely.

Another point in this cold weather is that you have a 
reliable system of feeding your cattle. If you haven't, 
you can really run into trouble. It always seems like 
you’ll run into trouble on days when it’s - 40F. W e  get 
-40F weather too, maybe not as often and long as 
here in Alaska, but w e  always get one or two shots 
every winter. There is nothing worse in the winter 
when it's - 40F, than having a frozen water system or 
tractor that won't start. W e  had some experience with 
small tractors, and this sort of thing, tryirg to feed 
large numbers of cattlo under ti ase cold conditions In 
tho snow. I think you should try tc look ahead a little 
bit. Ask yourself all kinds of “what if" questions. What 
If the water freezes? What if the tractor won't start? 
Try and anticipate somo of these problems you can 
have. W h e n  it gets cold and things get out ol control, 
thoy seem lo get really out of control.

W e  use the big round bales and feed with a 100 
horso tractor with a big loader on it. It Is a new tractor. 
You need something like this that you can handle.

W e  do keep track ol tho forecast, and if the fore­
casters are predicting a long cold period (a week ol 
cold weather or something like that), w e’ve got a few 
extra, small pastures around the place that can be us­
ed to ease the feeding chore. W e  will pile out enough 
bales in each of these pastures to feed the cows for 
two or three days, shut them Into ono pasture, and 
then w e  just turn them from one pen to trie other. W e  
can actually stock up a little bit and get ahead so that 
w e  can keep these cows and the calves and all our

other cattle going for probably a week. You don't have 
to start up in the cold weather.

These are things that don't sound like much of a 
problem when you're talking about an hour in the mid­
dle of the summer. W h e n  you hit the wintertime 
though, they can become a very big problem.

W e  have a problem with water, but it is m y  under­
standing that this area has good ground water. W e  
have to rely on dugouts which can cause a problem 
either by freezing up or by going dry. I think that if you 
have large numbers of livestock, you're going to have 
to look at automatic electric heating bowls to handle 
your water situation.

For years in the Peace River area, over 4 0 %  of the 
cattie north of the river did not have water. They 
wintered on snow. There Is no problem wintering 
cows on snow. In fact, the research people in Alberta 
In tho last couple of years have done some work on 
wintering cattle on snow and have found that there is 
no significant difference in the weight of the cow or 
that of the calf or of the general health of the cow (be­
tween cows wintered on snow and wintered on water 
up until calving), i pe.oonally like water but mostly 
because of tradition Once they calve, they need a lot 
of extra water and a lot of extra feed. You can no 
longer depend on snow alone; water must be 
available.

In our area, very few cattle are actually housed In­
side building:.. Your housing requirements can range 
all the way from a completely controlled environment, 
right through to spruce brush. If you have a lot of cat­
tle to get into a completely controlled environment, 
you're looking at a "hock" of a capital investment. 
That is one that I don’t think the cattle operation, par­
ticularly the cow-calf operation, can handle. The only 
alternative, as I see it, is lo go to an open housing 
situation.

W o  winter all our cattle in the open, There are no 
sheds tor the cows or calves or anything else. They 
are all out in the open. They have got shelter from the 
wind, either in bush or windbreak fences. W e  bed 
them down and use a lot or straw. They do fine out 
there. In fact, you'll have less problems with 
pneumonia if they are out in the cold. They c.e better 
off being cold and dry than they are even in open front 
sheds, where they will crowd and try to take some pro­
tection.The moisture accumulates In there and will 
cause them more problems than having them in the 
open. W e  keep them outside.
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APPENDIX E Continued

The other thing that you must have if you are going 
to run a cattle operation is well designed handling 
facilities. You will need corrals and shutes to make it 
easy to take a cow that is a little bit sick, run her into a 
corral, put her in a shute and give her a needle or do 
whatever else is needed. If you don’t have these 
facilities and the weather is cold and miserable, you 
will find yourself saying, ‘‘It’s too big a problem to 
wrestle her down. Maybe she’ll get better tomorrow." 
Build yourself a simple set of handling facilities but a 
good set. It will save you a lot of problems when it 
comes to handling the cattle in the winter.

I think that you should use corrals. W e  have big cor­
rals and we use lots of space. Not too many of our cor­
rals are less than an acre in size. That way, over the 
long feeding period, your build up of straw and 
manure will be better scattered around. Also, if you 
don’t get those corrals cleaned out in the summer­
time, you can bed them in one corner for one winter 
and bed them in the next corner the next winter. At 
least they are big enough that you have some options. 
Use lots of room and make your corrals big.

N o w  I would like to say a word about calving into 
February and March. W e  calve in February and March, 
and we do this for a number of reasons. One is to do 
all the work that has got to be done. Sometimes, the 
summers just get away on you. It’s sort of like the 
bumble bee that was flitting around the forest, from 
flower to flower one day. The sun was shining and the 
skies were blue. He landed on a daisy and an elk ate it. 
A bumble boo has got an awful temper. So on the way 
down to the stomach, he said to himself. “W h e n  I get 
to this stomach I’m  going to sting this elk." W h e n  he 
got down to the stomach, it was so nice and warm and 
comfortable, he thought, "Well, maybe I'll have a little 
sleep first." W h e n  ho woke up, the elk was gone. That 
is what our summers are like. You sleep too much, 
they’re gone. You know where you find yourself.

W e  calve in tt.,* wintertime because that Is one job 
that we can do in the winter. We've got time, and we 
don't have to mess around calving cows when spring 
seeding starts in May.

The other thing is that April is a bad month for us. It 
is cold, windy and damp, and newborn calvos end up 
running around in the muck and the manure and have 
problems with scours. W e  don't have much of a prob­
lem in February and March with scours since things 
are still frozen. These little calves can get well started

before the scour season really starts, and they sail 
right through with no problem.

The other thing about it is the February and March 
calves are big. W h e n  we put them on the lease, they 
are big enough that they’re not baby calves out on that 
rough lease; they can eat the grass and get their milk. 
By fall, w e’ve got big, rangy calves. Last fall, our steer 
calves averaged 596 pounds and our heifers 564 
pounds when w o  weaned them in October. By early 
calving like this, they're big enough that we can wean 
them off. They'll go into the next winter with some 
size on them, and they handle easily. By spring, we've 
got an 800 pound animal, and the option to sell it, to 
finish it, put it up on grass, or whatever.

If you’re going to calve in the wintertime, there are a 
couple of things that I think you've got to take a good 
look at. You’ve got to be prepared to check these 
cows regularly. If it is less than - 10F, you've got to 
go out every two hours. W h e n  it’s - 40F their ears are 
frozen in about 15 minutes, and in a half an hour their 
feet are frozen. W e  calve them out in the open, 
because with a number of cows like this, it’s impos­
sible to know completely which cows you should be 
putting in the barn. W e  put the cows in the straw piles, 
check them, and when a calf is born, put it on an old 
piece of mat or a little sleigh, especially built for that 
and drag it across the yard to the cabin barn. The cow 
follows along behind you. W e  put it in a stall in the 
cabin barn where it can stay a little warmer and get a 
chance to dry off. If it’s real cold, we put a heat lamp 
on it. After it’s dried out, we make sure that it's 
sucking the cow and everything is all right. Then we 
can d u m p  it back out again.

W h e n  you turn your calves out, w e’ve found that 
using calf hutches is a help. W e  take 4x8 sheets of 
plywuud, put some 2x4s on and around the edges and 
across the middle, just to stiffen them up a little bit 
and bolt these things together to make a hutch that is 
8 feet wide and 16 feet long and throw a few sheets of 
plywood up on top to cover it off. W e  put some 
bedding In tho hutches, and these little calves will go 
right in. They've got a creep area by themselves, and 
they can get away from the cows. They stay nice and 
comfortable in there. If you’ve got one of those little 
hutches for about every 20 calves, scattered around in 
the pens that you've got your cows in, it makes c.uite a 
bit of difference.
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IN D U S T R IE S  
IN C O R P O R A T E D

a BUILDINGS

p a t e n t  PENDING

P R O F I L E  O F  T E A R D R O P  S L A T T E D  F L O O R  S Y S T E M



COLD 
WERTHER

“ THE INFINITELY 
VARIABLE BUILDING”

T h e  cold weather building with the "Laminar Flow” roof design is the 

product of research conducted in C a n a d a  by the world's foremost s n o w  and 

wind specialists.

This exclusive roof and panel arrangement allows wind to flow smoothly over the 

roof without turbulence producing projections or shapes, thereby practically 

eliminating s n o w  drift build-up on the roof.

Ventilation and animal heat containment can be precisely regulated by 

adjusting the roof vent and side flaps, to suit all seasonal weather changes.

All Corral buildings are custom adapted to the particular area, the type of 

cattle confined, type of feed used, special budget problems, etc.

S U M M E R  C O N D I T I O N S

In s u m m e r  the building becomes a ginnl sunshade. 
The rool vent at ttie center is opened to the 
maximum. All side vent panels are removed and 
stored, Tho side vent Haps are raised to lull open 
pos ion. Tins allows moving air to flow freely 
through tho building and out through tho rool vent. 

W h e n  wind is ot low velocity, an area ol negative 
pressure is lormod at the rool ridge vent, and air 
llows d o w n  through Ihe vent. This provides for 

equal air distribution in the d o w n  wind building.

L O W  W I N D  C O N D I T I O N S

W h e n  tho weather is calm and there is very little air 
movement, tho chimney clloct takes over. Rising 
heat Irom the cattle and lhe natural draft at the 
rool vent draws air thro ugh the building and out 
through the rool vent (convection ellecl)

W I N T E R  C O N D I T I O N S

W h e n  cold woather returns, the side panels are 
reinstalled in the guides along lhe outer walls, the 
side vent llaps are closed and Hit: rool vont is 
closed lo its m i n i m u m  2' opening. This allows lor 
proper cold weather ventilation, while enclosing tho 
building and providing m a x i m u m  weather protection 
lor the cattle. To create the most ideal conditions 
within 'no building, one or more llaps m a y  be raised 
or lowered to any degree necessary, and the center 
rool vent regulated accordingly.

SINGLE ROW

ADJUSTABLE LUMITE CURTAIN 

ADJUSTABLE SLID ING DOOR

FREE AIR F L O W  T H R U  BUILDING

..1 1 . "

CHIMNE

.

Y EF FECT TAKES O V E R

r V  " C  ■ —  vy- ) f

S N O W  DRIFT O N  R O O F  MINIMAL



CONCRETE FREE FLOWING 
WATER TROUGH

INTERMEDIATE 
WERTHER 

DE5ICN

For areas of the country where weather extremes are 

not a problem, Corral has designed a building 

compatible with these moderate temperature 

conditions.

This building is well suited to areas where occasional 

s n o w  and ice conditions exist, and even to the extent that 
s n o w  or cold m a y  at times be excessive. For this reason 

w e  use the s a m e  roof construction as for the cold 

weather design, but without the vents and wind flaps 

along the exterior fence line.

<1000

For this building, 8’ windbreak panels are installed on 

the cold wind side for added winter protection. This 

panel causes the wind to be deflected "up and over" 

the roof of the building and not into the interior.

ALL C O R R A L  BUILDINGS C A N  BE C O N S T R U C T E D  T O  
A C C O M M O D A T E  F R O M  1000 to 5000 H E A D  O F  CATTLE

1000'

ALL BUILDING D E S I G N S  C O P Y R I G H T E D  - P A T E N T S  P E N D I N G

GALVANIZED ROOFING WITH ENAMEL COATING

EXTERNAL CATTLE 
WORKING LANE

LVANIZED METAL SIDING WITH ENAMEL COATING

CONCRETE WALL

2000
2500

3000

S I N G L E  O R  D O U B L E  R O W

1000 HEAD

T  I
200



THE TERRDRO P 
SLRTTED  FLOOR 

SYSTEM
C o r r a l ’s  n e w ly  d e v e lo p e d  s l ip - f o r m  t e c h n iq u e  f o r  la y in g  

c o n c r e t e  g r e a t ly  r e d u c e s  o r ig in a l  c o n s t r u c t io n  c o s t s .

PATEN T  P E N D IN G

Tins totally automated p i o c o d m o  allows us to m a k e  loin) 
continuous inns, building lhe sub-grade as w e  g o  Ihe 

equipment is accurately controlled by a laser b e a m  lor 
straight line guidance, lateral alignment, and propel angle 

or slope lor lhe linished floor

The T E A R D R O P  skilled floor b e c o m e s  a very ellechve flush 

system lor annual waste, without the conyentio'> ' removal 

pits beneath the llooi Each T E A R D R O P  slot serves as its 

o w n  waste removal conduit. Hie T E A R D R O P  shape 
provides a n a n o w  opening at the top where tho animals 

walk and widens lo form a rounded trough below Each 
T E A R D R O P  cat nes from 3 to 5 gallons ol water per minute on 

a gently sloping Hoot which provides Ihe Hushing action 

The waste is woiked into the slots by animal traffic as it is will) 

nil slatted floor designs Ihewatei (low cairios the waste the 

length ol the building to the collection ditch and Irom

there to tho holding pond. Th e liquid fraction returned to 

the Hush cycle either Horn ihe nutrient recovery cenlet or 
directly from the anaerobic pond

T h e  liquid is constantly being diluted with Iresh water 
additions Irom a m ak e-up line At the beginning ol the cycle 

water outers through the manifold injection system Each 
T E A R D R O P  has its o w n  flexible manifold valve which is pre-set 

tor proper water flow al all limes.

The surface of I h e T I E A R D R O P  slatted lloor is a special design 

T h e  slightly raised centers between slats provide run-oll ol 
all liquids lo the T E A R D R O P  channels. Smoothly rounded, 

extruded corners at T E A R D R O P  openings provide lor cleanei 

run-ofl and piovent chipping and breaking ol those edges 

The floor surface is specially lexlured to retain small 
fibrous manure particles which build up to a thin carpel 
like surface on Ihe concrete This finish, as well as the 

fiber pack, eliminates wot oi slippery conditions which 
result m  m p n e d  or duly animals 1 lie texture and shape 

ol Hu.1 surf ace and animal loading are caielully balanced 

lo minimize any excessive build-up ol m an ur e

Water H o w  m a y  lie continuous m  winter, as n m n i n g  water 

is difficult to freeze and running water with ma nu re  m  it 

acts like "anti lioeze" Also r o m o mb nr  that the building 
Haps m  the cold weather design are closed partially oi 

completely in winter to contain animal heat which helps 
prevent Iroo/ing In s u m m u r  the H o w  m a y  tie intermittent 

or as nocossitry

The tunning water through tho system will cioate a mild 

aerobic" condition (accumulation ol oxygen) that reduces 
gas and odor intense within Hie building This condition 
will aid m  thn m a n a g e m e n t  ol any subsequent negation 

oi pond systems. Chemicals can he introduced into tho 

m a m  p u m p  lino lo eliminate a m m o n i a  gas intense wilhm 

the buildings.



HOT
- f l P y l l ' f S K

DE5IGN

Careful attention to air flow patterns is one of the keys to the success of the 

hot weather building. These buildings have proven successful in the hot 

dry desert regions of Arizona and California and also the hot humid areas 

of central Florida.

Cattle are protected from sun or rain by the large galvanized sunshade 

roof. This Corral exclusive cable supported wire roof is stressed for no  

sag and high wind resistance. T h e  pitch and careful spacing of the 

shades provide for m a x i m u m  air flow through the building and for 

proper run-of' of rain. Again these buildings are custom adapted to any 

unusual or special conditions.

AD JU STABLE ROOF PANELS 
OPEN TO 6' IN SUMMER 
CLO SE TO 2' IN WINTER

C O L D  W E A T H E R  D E S IG N  
D O U B L E  R O W  B U I L D IN G  I L L U S T R A T E D

OPTIONAL INTEHIOR GATES

FEED  BUNKS

FEED  LANE

TEARDROP SLATTED FLOOR FLUSH SYSTEM

In desort climates liko Arizona and Southern California whore outside this provides m o m  moving air pick-up at Ihe

there is very little rainfall and wind conditions are normally outer perimeter and s o m o  air squeeze lor m a x i m u m  air

voiy calm, the roof design slopes lo the center rather than the m o v e m e n t  through the building

FLORIDA A N D  N. CALIFORNIA TYPE

In w ar me r climates whore rainfall is greater and winds m u c h  8’ wind break panels m a y  bo mount ed  on the outer railings for
stronger, the rool slopes to the outside to facilitate proper cold winter wind protection,

run-off and prevent water from entering tho building area



WRSTE HANDLING
R E C O V E R Y  S Y S T E M
SOLIDS RECYCLING (PBW) P R O C E S S E D  BOVINE W A S T E  

LIQUID FERTILIZER FOR IRRIGATION

RECOMMENDED FOR 2000 HEAD CONFINEM ENT FACILITIES AND LARGER

D I S P O S A L  S Y S T E M  
W I T H  A N A E R O B I C  P O N D
R E C O M M E N D E D  F O R  SM ALLER B U ILD IN G S .  200 0  HEAD OR L E SS

•Tito wnslc slroam while IIowing Ihrouqli Iho 
toaidropn become* aoioblc, winch roducra 
ocor and aids In nutnonnenl Pontl M.iiiii(|iitnmil

S P E C I A L  N O T E  O N  C H L O R I N E  IN JE C T I O N :  .his accurately 

controlled, automatic system is a veiy fast and inexpensive 

me th od  ol bacteria kill. T h o u g h  this does not kill all 
bacteria ..growth is greatly suppressed and holds the P H  to a 

slightly acid condition. Willi bacteria growth at a m i n i m u m  

and the P H  at this slightly acid stale, w e  are able to prevent 

major a mo unts ol a m m o n i a  releaso- which can bo detnmontal 

to the general health ol cattle.

Corral Industries is the recognized leader in Iho design and 

construction of confinement systems for cattle, and 

conventional leed lots as weli. W e  are also the world's leader 

in the area of animal waste rocycling systems

Corral can custom design and turnkey build those systems 

from stait to finish, including feed mill. W e  can start try 

helping with site selection and land acquisitions W e  have 

considerable information pertaining to m-depth projections 
and feasibilities as well as detailed interpretations oi 

investment tax credit applications. W e  also help in the 

acquisition of E P A  and zoning permits. W e  can develop 

detailed financial projections and feasibilities that fit youi 

requirements.

W e  can also custom design an irrigation system lo 

accomplish either "disposal" oi m a x i m u m  "utilization" of the 
liquid fertilizer.

For immediate Information please write or call: Dick Bunger 

lor construction or J oh n  Fuller--waste processing.

I N D U S T R I E S
I N C O R P O R A T E D

5202 E, Washington. Phocjmx, Arizona 602-275-7G03 nzu/n



MULTI-STATE R E S EARCH S U M M A R Y

High moisture grains have superior feeding value

Prof. F.S. Baker, Jr.

Ensiled (fermented) high moisture grain is now widely 
used in beef, hog, and dairy rations with consistently 
superior results when the feed is properly handled. 
The’grain may be harvested with a combine as high 
moisture grain before it dries in the field, or dry grain 
may be reconstituted to high moisture content by ad­
ding water before ensiling.

Best results are obtained with shelled or threshed 
high moisture grain when stored in whole form in an 
oxygen-limiting structure. The grain should be ground 
r r rolled when removed from storage for feeding. 
Ground ear corn can be successfully reconstituted 
and stored in ground form.

Here is a summary of research from over the coun­
try which quickly tells the story of high moisture 

grain:
Advantages of high moisture grain
1. In cattle finishing rations, ensiled high moisture corn
or sorghum grain, processed as described above, has 
consistently shown better feed conversion than dry 

grain.

Table 1. Improved feed conversion with high moisture 
(HM) grain

Location
Numbor
trials Grain

% Moisture 
HM gram

Form
stored

Form
lod

% improvement 
total ration 

loed conversion, 
MM over dry gram

Ago lios .mil 
Ed Ctr .
Oumcy, Fla d

Shulled
corn 23 to 26 Whole Hollurl 12

Texas A KM 
Univ 7

Milo
grain 23 la 32 Whole Ground It

Umv ol 
An/on,t 2

Milo
gram 27 Whole Rolled Id

OKl.i State 
Univ 1

Milo
gi.un 30 Whole Ground 0

Iowa State 
Umv 3

Shelled
corn 26 Whole Rolled 8

Pufduo
Umv 2

Ear
coin 32 Gtound Ground to

Iowa Slate 
Umv 2

tar
coin 31 Ground Ground 10

HUUUI 1MO U(1111(11 . , .
F SLOAN BAKER. JR is ptnlessor (beet cattle) 
Agricultural Rosearch and Education Center (AREC), 
If AS, University ol Florida, Oumcy. Fla Ho is a native 
ol Texas, received Itis B S Irom Texas A&M and M S 
Irom University ol Florida He lias Been a memtier ol 
the faculty at Quincy 20 years Among his research 
protects have been active progiams with growth and 
linfshing ol young cattle and high moisture gram

It should be pointed out that the percentage im­
provement shown is for the total ration. Calculations 
for the Texas, Florida, and Arizona trials show high 
moisture grain itself was utilized 1 9 %  more efficiently 
than dry grain.
2. Digestibility of high moisture grains. Several studies 
indicate that high moisture grain is more digestible 
than dry grain. In Oklahoma studies, it was shown that 
the non-protein portion of rolled high moisture milo 
was more digestible; Texas experiments showed both 
the protein and non-protein portions more digestible. 
With corn, the improved feed conversion found with 
the high moisture grain is also likely due to greater 

digestibility.
3. Faster gains with high moisture grain have been pro­
ven in several experiments. T w o  examples co m e  from 
Agriculture Research and Educational Center (AREC) 
at C’uincy, Florida and University of Arizona:

Table 2. Increased gain with high moisture (HM) grain

Average dally gain (lbs.) Dllleronco 
  Dry grain HM grain___ Lbi. %

Oumcy Fla
Id Inals) 2 28 2 01) Udl 18

IJmvorsiiy ol Arizona12 trials) 2 0d 2 d8 Odd 22

Dry matter feed intake was slightly greater with the 
high moisture grain at both locations. Carcass 
weights were not reported in the. Arizona trials, but 
chilled carcass weight was significantly greater for 
cattle fed high moisture corn in the Florida ex­
periments.

Chiliad Carcass Wolghl

Ory High molsturo
corn corn Dlllaronce

Avg A Inals.
Quincy Florida 1)‘J7 lbs 022 lbs 20 lbs.

Generally, results of feeding trials Indicate little dif­
ference in cattle gain with dry and high moisture 
grain, with improved feed conversion of high moisture 
grain due to smaller dry matter feed intake than with 
dry grain. Whether due to greater gain with about the 
same feed intake, or about the same gain with smaller 
feed intake, there is a consistent improvement in feed



APPENDIX G Continued

conversion with high moisture over dry grain (Table 1).
4. Economic advantage of high moisture over dry grain
was demonstrated in Florida tests. At A R E C  in 
Florida, improved gain and feed conversion resulted 
in a marked economic advantage. With shelled corn 
priced at $89.29 per ton ($2.50/bu.) on a No. 2 (15% 
moisture) bams, improvement of 1 2 %  in total ration 
dry matter feed conversion of high moisture over dry 
corn resulted in feed cost per 100 pounds gain of 
$5.70 less with high moisture corn, and an increase in 
value of the corn of $19.08 per ton (No. 2 basis), or 53c 
per bushel. One filling of a 20’x60' oxygen-limiting 
storage structure witb 13,820 bushels of high 
moisture corn was worth $7,383 more than feeding the 
same quantity of corn as dry grain. Table 3 on this 
page shows feeding value advantage of high moisture 
corn in an oxygen-limiting structure (not including any 
cattle grade increase) with No. 2 corn at various 
prices.

Table 3. Advantage One Filling of Oxygen-Limiting 
(Harvestore) Structure

Price No 2 shelled
Size and capacity structure

Bushel Ton 2027 (6,220 bu) 2060 (13,820 bu) 2565 (23.390 bu)

SI 26 S 45 00 Si 843 S4094 S 6929
1 75 62 50 2713 6029 10204
2.00 71 43 2922 6493 10990
2.25 80 36 3121 6934 11736
2 50 89.29 3323 7383 13496
2.75 98.21 3624 8052 13627
100 107 14 3832 8513 14408

8 1



APPENDIX H

What makes high-moisture grain special —  and 
how to use it for best livestock returns
Dr. E.E. Hatfield

There are several factors influencing the producer's 
decision on time and method of harvesting grains. If 
the grain is to be stored and fed near the production 
sites, there appears to be several advantages in early 
harvesting.

Physiological maturity is a factor to be considered. 
According to University of Illinois Blight Report of 
July 27, 1971, corn ear development is generally as 
follows:

12 days from silk stage to blister stage
24 days to advance to the dough stage
36 days to the beginning of the dent stage 

(last stage)
12 days to complete denting —  “At 60 days after 

silking, corn is generally physiologically 
mature —  at 30 to 35 percent moisture.”

Other factors for consideration are field losses and 
storage losses. An experiment was reported by the 
University of Illinois in 1959 in which one variety of 
corn widely used in central Illinois was planted on 120 
acres. The field was divided into strips that contained 
two rows for harvesting each of four moisture con­
tents —  35%, 30%, 25%, and 18%. Table 1 shows the 
field losses.

Table 1. Field losses of corn harvested at different 
moisture contents

Moisture content 35% 30% 2b % 18%

Loss (bushels per acre)
Far loss (machine and detached) o n 0 II 2 7 5 4

Shoi'otl lo. (snapping rolls and 
separation) 7 I) 1 f> 7 3 7 1

Cylinder loss (on cobs) b 2 2 4 7 4 () 4

TO I Al. U (i ■1 8 7 -I 7 9

Losses of grain during storage may be divided into 
the following: '

1. Respiration (aerobic) losses in the silo
2. Fermentation (anaerobic) losses
3. Losses due to discarding unacceptable feed 

(usually minimal under most conditions in most 
storage units)

The respiration losses will be directly correlated 
with the availability of oxygen. These losses will con­
tinue as long as oxygen is present and until the pH is 
drastically lowered. These losses are accompanied by 
a substantial rise In temperature of the stored grain 
mass. Excluding the oxygen is the practical method 
of reducing these losses.

Fermentation losses are due to microbial activity 
under anaerobic conditions. These losses should be 
predictable from knowledge of biochemical pathways 
of the micro-organism involved. The net losses due to 
silo fermentation is less than suggested if one con-

About the author ...
E.E HATFIELD is Prolessor ol Animal Science. University 
ol Illinois. Urban2. Illinois He received his B S. in 
Agriculture al thu University ol Arkansas, his MS in 
Animal Nutrition Irom Oklahoma Slate University, and his 
Ph D in Animal Science Irom Ihe University ol Illinois 
Special prolessional appointments include Chairman. 
Committee on Standard Reterence Diels lor Ruminants.
Animal Nutrition Research Council

siders that the carbohydrates, organic acids (mainly 
malic and citric), and amino acids fermented would 
undergo similar fermentation in the rumen and 
assuming the main exogenous end-products of silo 
fermentation —  formic, acetic, and lactic acids —  will 
be used in similar manner as rumen produced formic, 
acetic, and lactic acids.

Losses due to discarding spoiled or damaged sur­
face material are probably the major losses on many 
farms. Several factors will influence these losses —  
type of storage facility, frequency .of removing 
material durinq warm weather, additives, and others.

As shown in Table 2, a considerable amount of 
variation in feedlot performance from the different 
stations has been reported. However, as more data 
becomes available the advantages of high moisture 
grains over dry grains is more apparent —  particularly 
the advantage in feed efficiency (units of feed per unit 
of gain). In most of the trials in which the daily gains 
were higher for the dry grains, the feed efficiencies 
were essentially equal or favored the high moisture 
grains.

The 32 trials with high moisture corn reported in 
Table 2 show an unweighted average of 7.2% improve­
ment in feed efficiency over dry corn; in the 11 trials 
with reconstituted high moisture corn the unweighted 
average was 7.7% improvement over dry corn; in the 
11 grain sorghum trials the unweighted average was 
16.5% improvement over dry grain sorghum.
Voluntary feed intake is often used as a criterion for 

evaluating feeds. Although many producers have in­
dicated higher acceptability of high moisture grains 
over comparable dry grains, the reported data does 
not indicate as much increase in dry matter intake as 
one might expect. For example, Oklahoma State 
reported an experiment in which they compared dry 
milo with reconstituted milo as the main constituent 
(84%) of the diet for growing heifers. The feed con­
sumption of the reconstituted milo was not increased, 
but both daily gains and feed efficiency were improv­
ed. Feed efficiency was improved 12.9% with milo 
stored at 307o moisture for only 10 days, and improve­
ment was 15.6% for either 3 0 %  or 3 8 %  moisture milo 
stored 20 days.

The increase ferd efficiency with equal or less feed 
intake is likely due, in part, to increased digestibility.

The accumulation of the performance data sum- 
narized in i able 2 increases the level of confidence in 
high moisture grains (harvested or reconstituted).



APPENDIX I

High Moisture vs. Dry Barley for Feedlot Cattle
by Dr. Harvey F. Windels

Two separate years’ trials with groups of yearling 
steers fed rations with dry or high moisture barley, 
and housed either in a slatted floor cold confinement 
or conventional open pole barn, were conducted at 
Northwest Experiment Station at Crookston, Min­

nesota.
Results show that the cattle fed high moisture 

barley in either type of housing gained faster, and on 
less feed dry matter, than those on dry barley.

A two-year summary of the feeding trials reveals 
that cattle fed high moisture barley gained an average 
of 2.52 lbs. per day, compared with 2.32 Ins. per day 
for dry barley-fed cattle, an advantage of t'.6%. (See 
Table 1).

Also, the high moisture barley cattle required 
significantly 'ess feed dry matter per pound of gain 
than cattle fed dry barley.

Feed required per 100 lbs. of gain with the high 
moisture barley-fed animals was 805 lbs. total feed, as 
opposed to the dry barley-fed animals requiring 888 
lbs. of total feed. Daily feed consumption, on a dry 
matter basis, was not significantly different between 
the groups. Also, them were no important differences 
in carcass characteristics

Economic calculations indicated that cattle fed 

high moisture barley returned more money per head 
than those fed dry barley.

Considerable bloat problems were encountered in 
cattle fed dry barley in both types of housing and in 
both years. All animals affected with bloat received 
treatment and none were lost. The moderate to severe 
cases were treated by stomach tube evacuation of air 
and/or drenched with poloxylene or mineral oil using a 
4-oz. dose syringe. Individual access to mixed hay for 
a couple of hours relieved the bloat on most, but not 
all, medium to slight bloat cases.

Bloat proved to be of only minor importance in cat­
tle fed high moisture barley.
Feeding procedures used

The high moisture barley was harvested and stored 
in an oxygen-limited (Harvestore) structure both 
years. The first year of the trials, moisture content of 
the barley coming out of the Harvestore was 39.5%; 
the second year's crop was lower in percent of 
moisture at 33.5%. Crude protein (dry matter basis) of 
the high moisture barley the second year was 15.5%, 
compared with 12.8% the first year.

The high moisture barley was removed from the 
Harvestore and rolled just prior to feeding. The dry 
barley was ground. Complete mixed rations were fed 
once daily.

W h e n  on full feed, the cattle were led 3 lbs. of 
alfalfa hayiage dry matter per head per day and either 
high moisture or dry barley free-choice.

About tho author...
HARVEY F WINDELS is Animal Scientist and 
Associate Protessor. University ol Minnesota. North­
west experiment Station. Crookston. Minn He was 
raised i n Minnesota livestock and gram larm. earned 
his 5S in animal science and M.S. and Ph D 
uegrees in nutrition Irom University ol Minnesota He 
is involved in nutritional and management research 
with leedlot cattle and sheep, including the use ol 
barley, beel lopiage. hayiage. and other crops

Table 1. Influence of dry and high moisture barley on the 
performance and carcass characteristics of yearling 
steers —  two year summary.

Item
Dry
barley

High moisture 
barley Significance

No ol siceis 105 108
Avg initial wt lb' v : 2 777 8
Avg lin.il wl lb! tog? ? 111? b
Avij daily gain, lb ’ ? 3? ? 52 I’ 01
Avg daily leed, ib diy matter
tiaiicy 1.) 8 14 5
Hayiage •t g 4 9
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total 20 6 20 3 NS
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Hayiage ?l! 194
Supplement 3(1 38
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l*«|fL«IS 1 CHilfuClC II, >!•(..>
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I.it depth, in 0.83 0 (ill I’ 05
Duality grade’ It 1. II It NS

Yield giado’' 3 .Id 3 54 NS

!*li«nft>< wmohi
At||UMi'0 (() II (|M"iMII(| |U'ft f'ftl<|||t> ii( IVI L*
All r.iif.mu (hit.i iuliii'tlixl lo .hi im|imI < man.’, wight ol h/h ,> pound!*
•M.ifhlmq *vcof'I is Might, S i't sin,ill (> la modest
( onloiifwihon scour. .im| cmmsn (jtndun U is low (JOO«l. ID is .ivufiigo goixl. It is high 
good, t? ifi low choice. I't is .iviif.tgti ( holer
Villous iir.ii I iMiliciilu u high yuslil ol tionifil ami triiiiumO triad < ots and valiirs lirai *» in 
dnsilu a low vhdd

y
10

Advnntngos ol High
N»,ut,lical itryimi expanse 
No held in1.',i", iiiu! in delayed 
r.umhmiiiii
ll.iive ,I 5 ill day:, eatliei 
Can harvest with dew oi liiiht mist 
Medina' weather risks li.iil 
wind lam
Imae.e.e yield less vh.illriim) 
loss
I asiei to uomtuna — less 
powdering and mealing 
Reduced lodging losses in 
tae.isi! culler liar height 
Green patches not a problem 
Weeds .ire belter cnnlrollerl
i til hrlrirr m.dmr

M o i s t u r e  Bn r lo y
il Harvest wild oats liolnio sli/ll 

lining
i:' Him.leases i.empetilimi tin new

seedlings 
13 I limmale swathing direct com 

Inning
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HI (teller leed conversion
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A P P E N D IX  J

Hog Scalding vs. Skinning Costs

The pork industry is in a period of transition be­
tween scalding and skinning, and within 10 years it 
appears that everybody will be skinning, providing a 
few problems can be solved.

This is the belief of at least one expert in the field, 
and Meat Industry queried him and other packers and 
processors around the country to compare the two 
methods of removing hair from slaughtered hogs.

Here is how the methods compare in cost and pro­

duct quality:
•On the basis of capital investment, scalding 

requires an initial capital outlay of $563,080 fcr pur­
chase and installation of equipment to process 600 
hogs an hour, whereas the capital investment for skin­
ning is $135,030. The cost per hog is estimated at 
$.047 for scalding and $.011 for skinning.

• In terms of energy costs, scalding uses larges 
amounts of hot water and natural gas, and the 
estimated cost for utilities for scalding is $.054 per 
hog, compared to $.019 per hog for skinning.

• In skinning, the loss of drop items like feel, tails, 
jowls, snouts, ears, and skin for gelatin, repiesents an 
estimated $1.94 per hog. That can be more than offset 
by the sale value of the hide. If it can bring $5, there 
can oe a net gain of more than $3.

•Surface contamination doesn’t differ between 
skinned and scalded carcasses, though Ihe distribu­
tion of organisms varies and sooms to depend on the 
degree of handling of various carcass areas by 
workers.

•The shrinkage of skinned carcasses is extremely 
low, but this is not necessarily an advantage over 
scalded carcasses because they take up water in the 
scalding tank which is later lost during tho chilling 
period.

•Scalding carcasses also cool at a slightly faster 
rate than skinned carcasses, though the cooling of 
skinned carcasses is not accompanied by Increased 
shrinkage.

W H O  USES WHICH M E THOD?
For tho packer who has already made tho capital in­

vestment in conventional scalding, it can bo a fast and 
efficient process which requires less kill floor labor 
than skinning. It also means that the skin is left on, 
and this is important to ftesh pork operations that pro­
cess skin-on hams themselves or sell them to others 
for processing.

For packers who make whole hog sausage, having 
the whole skin removed is an advantage. It’s also an 
advantage for packers w h o  don’t need skins left on 
because they make boneless products, for they can 
benefit from energy savings and lesser capital in­

vestments. One of their concerns, however, is with 
the gouging of fat during pulling so that bellies are 
damaged for use as bacon.

George A. Hormel & Co. scalds because it is effi­
cient for a big plant, such as its one in Ottumwa, Iowa, 
and because skin-on cuts have greater marketability.

"There isn't an established market for skinless 
hams," comments Donald Hittner, rrrnager of in­
dustrial engineering for the Ottumwa plant. To justify 
Hormel’s switching from scalding to skinning. "There 
would have to be adjustments made to meut market 
requirements. W h e n  a big packer sells to others, he 
sells a board of trade ham. That’s what most are 
familiar with."

Sugardale Foods, Inc., in Canton, Ohio, scalds, 
though it switched to that method from hide pulling 
several years ago.

" W e  used to have two hide pullers out on the kill 
floor, and that didn't work out very well," says kill 
floor superintendent T o m  Stratil. "'ihere was a big 
loss of yield and added labor."

One Midwest packer says that if he could build a 
plant from scratch, he would hot skin. "Because the 
bulk of the carcass is going to be skinned anyway, 
sooner or later." He says at his Iowa boning plant he 
buys hams from the outside and has to take the skin 
off anyway.

"If you get a combo bin filled with hams on Friday 
and don't skin them until Monday so that they sit in 
the cooler over the weekend, the skin stiffens up, and 
it takes a greater length of time lo skin It. If you , ull 
that skin off when the hog is hot, it comes off easily.

"If you're a further processor, you save the steps of 
skinning individual hams when they're cold, and 
you're saving and getting a hotter yeiold. You lose 
more fat if you skin when cold," he says.

Jimmy Dean Meat Co. makes whole hog sausage 
and has hide pullers at both Its Osceola, Iowa, and 
Plainsviow, Tex., plants.

"The reason we went into hide pu ling," says Vinco 
Bornard, vice president of engineering and produc­
tion, "is because w e  don't want the hide on. W e  want 
tho increased drop rato from the hide, and it's easier 
to bone without the hldo," The company hot bones 
hogs.

"In large plants, on a commercial fresh pork opera­
tion, some cuts still need to bo sold with the sKin on," 
says Bernard. "However, today, Il you were to build a 
new plant, I don't know why anyone would scald. It 
takes additional labor to remove skin after scalding, 
and you can only get 80 to 90 cents for the skin, c o m­
pared to $5 for a hide."

ftopunt lfc»m Motil Industry Nov . 1970, p. ;>?
8 0
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Gibson Packing Co. in Zanesville, Ohio, is an exam­
ple of a full line processing plant that switched from 
scalding to hide pulling. One of the reasons is that, 
like a whole hog sausage maker, Gibson doesn’t need 
skin on its hams. "The market has changed," says 
Carl Gibson, "and our market is predominantly going 
to boneless now."

T w o  other reasons that Gibson turned to hide pull­
ing are contamination to animals during scalding and 
the desire to reduce energy consumption. Gibson 
estimates his energy costs have dropped by one-third 
since the changeover.

Hillshire Farm Co., N e w  London, Wis., which makes 

boneless hams, went into skinning more than five 
years ago. The company scalded prior to that, but Max 
Kennedy, superintendent of pork operations, says 
that there were problems with inadquate cleaning —  

hair not being removed.
Hillshire’s volume is 800 to 1100 hogs a day —  

primarily heavyweight and midweight butchers —  but 
the company also buys hams. " W e  can’t produce 
enough hams off of our cut line," says Kennedy. " W e  
buy commercial hams with skin on and trim to our 

own specifications."
Kennedy feels that even though scalding and 

dehairing use a lot of energy, the method is more effi­
cient on a hog per man hour basis for the big packers. 
But Hillshire does not intend to be a fresh pork opera­
tion, he says, and is satisfied with the 110-115 hogs 
per hour that it processes now comfortably.

An example of a large processor that has changed 
to skinning is Farmland Foods which has a Jimmy 
Dean hide pulling system in operation at its Crete, 
Neb., plant, and one of the reasons for tho change is 
the energy savings resulting from the lower use of hot 
water and power equipment, says plant manager Jim 
Jeffers. The other reason is tlu savings in capital in­
vestment

L A B O R

Labor costs are similar in both processes, ac­
cording lo a study, Hog Skinning vs. Scalding, con­
ducted at Purdue University by M.D. Judge, C.P. Salm 
and M.R. Okos. The study, which compares capital in­
vestment, energy costs, drop loss and other charac­
teristics of the two systems, was presented this year 
al Ihe Meat Industry Research Conference at the 
University of Chicago,

The study reasons that the skinning procedure 
probably requires more labor for slaughter and less 
for carcass cutting, as compared to the scalding pro­
cess.

The way Donald Hittner looks at it is that the costs 
of capital investment vs. labor costs constitute a 
trade off for Hormel.

There is general agreement among the processors 
I we talked to that skinning requires more labor to
j prepare a hog for hide pulling, so that on the kill floor

alone, scalding is more efficient for a large operation 
on a hog per man hour basis.

Product losses and credits ir skinning
(Based on S/hog)

Losses
Feel 3 ID @  S 16 S 48
Tails 0.25 ID @ 13 03
Partial jowls 0.5 ID- @  24 12
Snouts 0 b ID @ 19 10
EarsO 5 ID @  21 11
Fat removed with skin t ID @  20 20
Gelalm skin value 8 0 ID @  10 80
Belly damage (5 10% incidence) 10

Total Si 94

Credits
Inedible lee! lal elc 5 75 ID @$04 $ 23
Leather skins 5 00

Total $5 28

Net Gam S3 29

However, there is also general agreement that there 
is a labor savings in the cutting room when the skin 
does no nave to be removed. One packer also 
observes mat it is more difficult to remove skin from a 
chilled carcass than from a freshly slaughtered 
animal.

There are two double hide pullers at Jimmy Dean's 
Osceola plant. Vince B .rnard, vice president of 
engineering and production, says that the double 
puller can process 300 hogs an hour with a total work 
gang of 11 to 12 men. T w o  operate the puller, one 
does front legs and transfer, and the rest operate 
rotary air knives to do skinning.

Preparation Involves removing feet, opening the 
skin on tho fore and hind legs and belly. Rotary air 
knives are used to skin the front, hind legs, belly and 
shoulder. The head is skinned out with a straight 
knife, Then workers skin around tho shouldors and 
bead and attach the puller, anchoring the jaw, so that 
the hide is pulled upwards and away from the carcass, 
then dropped into the basement where it Is trimmed.

Tho ears, snout and head skin go to rendering. The 
hide is sold to a broker who will flesh it, dehair it, salt 
it and freozo the hides in bales.

At Hillshire, workers clear the skin ol the hog over 
the shoulder, break it across the hams, and then at­
tach a chain to the hide puller

Max Kennedy says the company has 11 m e n  in its 
skinning and dehiding operations and four in the hide 
room, and fie feels that's not as efficient for a big 
fresh pork operation as a scalding and dehairing 
system which can operate at 700 an hour with about 
13 men, he estimates.

H I D E  V A L U E S

The value of pulled hides, which can be sold to the 
leather industry is greater, of course, than the value of 
scalded skins.

But in order to receive a top price, a pulled hide has 
to have come from a quality 200 lb. or more animal and 
must have been removed with a minimum amount of 
damage.
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Capital Investments for scalding and skinning
Rale is 600 hogs per hour

SCALDING SKINNING
Slaughter Slaughter
Scale tank S 49.800 Dehider knives (8) S 5,600
Dunktrs 25.000 Hock cutlers (2) 4.600
Platlorm 22,600 Plallorms 2,250
Conveyor (pull through) 27.000 Skin pullers’ (4) 42.000
Unshakler 1.400 Washer and pump 15.000
Dehairer 151.000 Conveyor 27.000
Hair conveyor 2,500 Subtotal 96.450
Plallorms 14,300 Installatin (40%) 38.580
Conveyor (gambrehng) 18.000
Singer 19.000 Grand total $135,030
Polisher 22.000
Plallorms (shaving) 2.600 •Alternative is lour vertical drum
Rail washer 1.500 skinners: 12c/hog. 2000 hrs./yr ;
Slide and hopper 4.500 10 yrs = $1,440,000 less main­

tenance

Cutting
Skinners
Bacon 8.750
Jowl, lathack 9.750
Bull (2) 12.200
Ham (2) 10,300

Siihlot.il 402,200
'installation (40%) 160.880

Grand total S5G3.080

lliese tables were compiled by M I) Judge, C P Salm and M II Okos. Purdue 
University, Lalayolle, Ind., tor their study. Hot Skinning vs. Scalding, 
presented al the Meal Industry Research Conlcicnce. University ol Chicago, in 
March

The first two years after Carl Gibson switched from 
scalding to hide pulling, he couldn't find a good 
market for his hides, but then his by-products outlet 
found a foreign market —  both Europe and Taiwan —  
and he has been able to receive from $4 to $5.50 a 

hide.
The hide market has fluctuated from $5 to $8 each 

for top hides from 200-240 lb. animals, according to 
Bernard, and he says most of his company’s hides are 
sold for the garment trade.

Jim Jeffers of Farmland has not seen a hide market 
as good as the one Bernard describes. However, he 
does agree that in comparing the two systems, loss of 
the drop items has to be balanced against the value of 
the hide.

Scalded skins can also be pulled by means of skin­
ning equipment, and the skin can be sold for use as 
shoe leather, glove leather, shoe lining, and for hat 
stock.

Scalded skins produce leather that Is 1 0 %  thinner 
and has 1 0 %  to 2 3 %  less tensile strength than leather 
from unscalded skins, according to the Purdue study.

However, not all scalded skins are suitable for use 
in shoe leather, and one study shows that more than 
5 0 %  of them are not. Most of the reduction of value of 
scalded skins is due to mechanical damage, such as

Processing costs for scalding a n d  skinning

(Capital outlay and operational costs estimated on a S/hog base)

SCALDING SKINNING
Utilities $ Utilities f

Capital Investment* 047 .01

Operational costs’*

Waler. gal.
Scalding 2.6
Dehairing 2.7
Washing 4 0 22 5
Cleanup C 3 0.1

9 6 yi. 002 22 6 gal .00

Steam, lb.
Scalding 3.2
Dehairing 1.8
Cleanup 0 3 0.1

5 3 lb 016 0 1 lb 00
Eleclricily. kw.hr
Desiring etc. 0.24
Polishi’n 0 03
Skin pullers 0 02
Washing 0 06
Skinners 0 d

0 28 kw.lu 007 0 08 kw 111 00

Gas. cu II 13.75 cu II 024
Sewage, gal 005 01

Total $.101 Total S .03

’Assumes 11) yr equipment lilo; docs not include maintenance
“Utility costs water. 25c/1000 gai, eleclricily 2 bc/kw hr, steam $3.00/1000 
lb, gas. SI 75/1000 cu II; sewage, 50c/1000 gal

damage to the skin grain layer caused by scraping to 
remove hairs retained within their follicles.

Scalding temperatures can also damage the grain 
layer of pigskins, but this damage can be minimized. 
Scald temperatures of from 132°F to 137°F are con­
sidered safe, though these temperatures are too low 
to effectively scald during some periods of the year.

" W e  have to watch scalding temperatures so that 
we don’t scorch," says Donald Hittner at Hormel, 
“and we would not scald for more than five minutes at 
a temperature higher than 140°F.

Hormel has a Wolverine full side skinner and sells 
Its skins to Wolverine. The full side skinner skins both 
sides of £ scalded hog and removes the skin in one 
piece, because the back has not been split all the way 
through oi the kill floor. Thus, the two sides have 
been kepi together through the cooler and the hams 
and shou'ders have been cut off, the loin pulled and 
the ribs l.fted out, the remaining part of the carcass 
going th ough the fullside plate skinner.

Sugardale also uses a Wolverine full siue skinner, 
and T o m  Stratil says the temperature of the 
company’s 4800 gallon scalJing tub is kept at 138°F 
in order to protect the skins.
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S C A L D I N G  T A N K

The scalding tank is considered a potential source 
of microbial contamination because of the hair, dirt, 
feces and other materials contributed by the long line 
of hogs dipped into the tank,

A 1978 study shows that, judging by microbial 
counts, the total surface contamination does not dif­
fer between skinned and scalded carcasses, though 
the distribution of organisms varies.

For instance, the total plate count on hams was 
nearly four times as great for scalded hams as for 
skinned hams. Bellies were almost equal in total plate 
count, but shoulders reflected four to five times the 
total plate count for skinned shoulders as for scalded 

ones.
The amount of surface contamination seemed to 

depend on the degree of handling of carcass areas by 
workers.

“W e  feel ultimately that U S D A  will outlaw 
scalding," says Vince Bernard, "Lecause in plants 
you can't intermingle the hogs until you get to final in­
spection, but at the same time they let you dip 3000 
pre-rigor hogs in the same vat of water. This water can 
be ingested into the animal’s lungs, and if it gets into 
the lungs, it can reach the internal organs."

G O U G I N G

One of the problems in hide pulling is in yield loss. 
As the hide is pulled upwards from tho animal, 
sometimes patches of fat are pulled loose, especially 
in the flank of the belly.

Even with good preparatory trimming and follow-up 
as the hide is removed, globs of belly still can bo tom 
off.

There is no problem with gouging, says Bernard, if 
the animal is properly prepared for hide pulling.

Hillshire acknowledges there is a problem with 
gouging. " W e  will have gouges in our bacon produc­
tion," says Max Kennedy, "and we will have lighter 
weight bellies. But we trim our bellies severely. W e  
trim to meet Ihe width specifications of our slicing 
machine.

A recent development in hide pulling is Wolverine’s 
new drum skinner for unscalded hogs. According to 
John Krause, who helped develop the machine, it 
skins sows so closely that anywhere from 10-20 lbs. of 
fat normally left on the skin is keot on the carcass. 
The m*o is 5-10 lbs. for butcher hogs,

This skinner is being used at three plants in the 
Southeast. Kentucky Sausage Co., Nashville.Tenn., 
(see story in this issue) reports that the company is 
getting no fat on its hides now. They also say that 
about the same amount of labor is needed to operate

the drum skinner as the hide puller it replaced at the 
company’s plant.

The drummer skinner, which slants at an 8° angle, 
revolves against a carcass to peel off the hide. There 
is a ditch that runs the length of the drum, and into it 
is inserted a seven-inch flap that has been skinned the 
length of the hog on the belly side.

This long flap is gripped in the ditch by grippers 
which work on air cylinders that pull. The clamp bar is 
closed, and the drum rotates past a dull scraper. 
Behind the scraper is an air bag like a fire hose that 
maintains pressure on the scraper to move it in close 
to the drum or away from it depending on the 
thickness of the skin that is being removed. W h e n  the 
cycle is completed, the skin drops.

It operates similarly to a European skinner used in 
Poland (see A p ril '78 Ml, page 25), but removes the 
whole hide, nut just the croupon.

C U T T I N G

Butcher methods have also been dictated In 
scalding by the fact that the skin is left on the cuts.

This, when the skin is removed, cutting procedures 
need to be adjusted in operations that cut primals.

The puli the loin, for instance, Carl Gibson says he 
uses four hooks instead of two to compensate for the 
fact that the skin has been removed and can't be used 
as a stronger anchor than fat.

One advantage that he sees is that he has been able 
to take a couple of m e n  from cutting and put them on 
the kill floor. Because the skin has already been 
removed —  the h a m  capped, the rind removed from 
the bacon, no feet lo work on —  there is labor needed 
in the cutting room.

Like Gibson, Hillshire is not a fresh pork operation, 
so it is an advantage to have the skin removed.

Pulling the loin is more difficult now, Max Kennedy 
agrees, because the skin is not on the fat back to hook 
onto a conveyor. However, they maintain their pace of 
135 hogs per hour by basically pulling the loin the 
same as before, the weight of the hog holding it down, 
and the worker using a knife guard and pulling it 

against the belly guard.
Since Hillshire uses its fresh pork primarily for 

further processing, the company bones all of its pic­
nics, trims bellies severely and uses the fresh trimm­
ings for sausage. Bacon is trimmed to conform to the 
company specifications, and the trimmings are 
recovered. The firm also Is a large buyer of trimmings.
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THE FUTURE
The industry is in a period of transition between 

scalding and skinning, according to Charles Wallace, 
senior technical consultant for ITT Gwaltney, Inc., 
Smithfield, Va., a company that scalds.

He feels that in 10.years all hogs will be skinned, 
because of the savings in capital outlay and energy 
costs, but in the meantime the innovators in fresh 
pork operations will have to deal with the problem of 
marketing skinless hams. He also sees yield loss, 
caused by gouging, especially in the belly, as a prob­
lem, because it reduces the value of fat and can 
damage bellies so that they can’t be used for bacon.

What he thinks slows down the big fresh pork 
operations from switching to skinning from scalding 
is that even though the boning of hams has increased 
dramatically so that the need of skin-on hams is

lessening, the big packers still sell their hams to other 
plants and the established market is for skin-on hams.

“The pioneer is likely to find himself with a 
marketing problem to overcome —  the resistance of a 
buyer w h o  wants to buy a h a m  to smoke, and he 
doesn't want to smoke it derind." There's also the 
price resistance in the market place.

“Skin is worth 10 cents a pound, and t ie housewife 
should be very happy to be rid of it, but when she goes 
to buy a smoked ham, bone-in, she wants that rind on 
the way it's looked to her for years. Plus the fact that 
she won't like being told she’s got to pay more money 
for it because the skin is off."

The transition will be aided by the increase in 
boneless hams and more convenience cuts, he feels.
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CHAPTER I 

INTRODUCTION

Transportation is an important aspect in rural development. To quote

current research:

"If rural development is to proceed in an orderly and efficient 
manner, adequate performance of the transportation infrastructure 
and regulatory structure is mandatory. Highway, water, rail, and 
air transportation investments should be closely coordinated with 
those state and federal agencies directing the various rural de­
velopment programs."

Efficient and competitive routing of goods to and from a rural center is 

the key in providing social and economic benefits to that area. A well 

designed and constructed farm to market road network is essential in any 

agricultural development as it will be servicing the aggregation of grain, 

machinery, fertilizer, feed, seed and chemical hauling.

This report provides a proposed roadway network in the Nenana agricultural 

area starting with an initial phase of two townships expanding to 

several townships in future phases. Commodity routing systems in 

the Nenana area were examined to maintain a flexible, multi-modal system 

in the area. Alternative processing site locations are compared in relation 

to the City of Nenana, the initial phase of the project, and existing 

commodity routing systems. Cost analyses were done on alternate access 

routes to the initial area and the farm to market transport system.

Roadv/ay development and construction includes an examination of soils, land 

ownership, parcel ization and climatic conditions. Alternative roadway 

section designs are based upon the location of gravel, and wet or perma­

frost areas. A roadway layout is proposed that takes advantage of section 

line easements and allows for flexibility in final parcelization. Estimated 

costs for construction and maintenance of this layout are also presented.

1 Richard K. Hart, Transportation and Rural Development: Some Policy
Considerations.



It is our understanding that the project development schedule is for 

land disposal in 1981 or early 1982 at the latest. In order for the 

transportation system to be in place, construction must occur in the 

1981 construction season. For this to happen, the project planning and 

design must be fast tracked. Because of this, the consultant team 

has initiated permit procedure for field work this winter and early 

spring. This includes bridge-borings, site surveys and borings, plus 

material site investigations.

Below is a list of total costs for the Nenana Phase I access road.

These costs include engineering and construction costs, and are reason­

able order-of-magnitude costs for work as of Spring 1981. When more 

thorough soil testing is complete, costs may be actually lower.

**Three (3) bridges, 23 miles of primary 
access road (secondary standards) and 
14 miles of secondary and tertiary roads 
connecting farm lots:

**Right-cf-way Aquisition:

**Contingency:

**First Year Maintenance:

$ 15,319,700.00 

$ 30,300.00

$ 1,840,000.00

$_____ 115,355.00

T O T A L $ 17,305,255.00



CHAPTER II

OVERVIEW OF COMMODITY ROUTING SYSTEMS

There are three potential commodities being considered for the Nenana 

Agricultural Area. Studies to determine the viability of livestock 

raising and vegetable production are presently being undertaken. However, 

with the imminent success of the Delta Barley Project in mind, grain 

production must be given the major consideration. Thus, of the three (3) 

alternatives, grain production will be considered in this report as the 

primary user of any routing system established. This is due in part to 

the information available concerning grain production in Alaska (Delta 

Junction); the predominance of Class III soils in the project area, which 

are well suited to grain production; and the present lack of information 

regarding vegetable and livestock production.

This section will provide an overview of the routing systems that exist in 

the Nenana area. To remain within the scope of the overall report, no 

analysis of routing economics will be undertaken here. Rather, the focus 

will be on how the roadway network and processing area within the project 

might impact the various routing systems. It should be noted however, that 

the agricultural industry relies on economically competitive transportation 

modes. Thus, every effort should be made to maintain maximum flexibility 

of the routing systems available to various agricultural areas in Alaska. 

Figure 1 illustrates th? commodity routing systems available to various 

agricultural areas in Alaska. Nenana has a distinct advantage in being 

on all four modes of routing. This, coupled with its central location 

within the state, makes it a focal point for the distribution of agricul­

tural goods both within the state and for export.

Though there are four systems available for use (air, truck, rail, and barge), 

raw agricultural goods generally move using the bulk facilities, low 

operating costs, and proximity to markets available on truck and rail 

modes.

1. Truck Routing

Routing agricultural commodities by truck is most efficient over short 

hauls and when backhaul possibilities are definite. Thus, truck routing
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would most likely be used in local/intra-state distribution of vegetables 

grown in Nenana and livestock processed there, having Fairbanks and Anchorage 

as the two major points of transfer. The hauling of grain by truck, while 

possible, is not likely due to the large number of trucks needed to haul 

the grain and the more economical use of rail in hauling such bulk 

quantities.

Starter herds for livestock would be most effectively transported by 

truck up the Alaskan highway. Ultimately, red meat for export would be trans­

ported by truck to Fairbanks International Airport and flown to foreign 

markets.

2. Rail Routing

Routing of agricultural commodities by rail is most efficient in bulk 

handling and long hauls due to its low operating costs and established 

routes. Currently, problems exist in the availability of equipment to 

handle grain. As agriculture continues to develop in Alaska basic routing 

necessities such as these will become economically viable and therefore these 

are seen as only initial or short term problems.

If fertilizer is to be brought to Nenana from plants on the Kenai, the 

use of truck routing is most efficient. There is only one transfer re­

quired in this mode while there would be three in the rail mode. Rail 

would be most effective in bringing fertilizer produced in the Lower 40 to 

Nenana as there is a direct rail link between most ports and Nenana.

Due to high construction costs involved in establishing new rail lines,

($1.4 million/mile) no additional routes are seen in the immediate future 

and short spurs into the agricultural area seem unlikely at this time.

3. Barge Routing

Though barge routing has low operating costs and relatively large bulk 

handling capacities, certain restrictions make the use of this mode un­

likely in the routing of grain for export. There is potential local
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routing of fresh and processed vegetables, processed red meat, and some 

grain.

Three restrictions to barge routing of export grain are the short season 

available to both barge operation and agriculture, which often times are 

not compatible, the more feasible routing of grain by rail, and the diffi­

culty in establishing a scheduled shipping route into the St. Michaels area.

4. Local Air Routing

At the present time, Nenana Air Service, Inc., is the only scheduled air 

service based in Nenana. They fly supplies to Tanana, and offer charter 

services to other communities in the bush. Alaska Central Airways, Inc., 

uses Nenana as a flag stop on flights to Galena and Tanana. It is possible 

that air service could provide various bush communities with the agricultural 

commodities grown and processed in the Nenana area (primarily vegetable 

and red meat).

5. Port Facilities

Currently, the Alaska Agricultural Action Council has Requests for Proposal 

out to various ports in Alaska with the intention of establishing a perma­

nent facility for the exploration of Alaskan produced grains. Appendix 1 

is a copy of the RFP sent to Anchorage, Palmer, Seward, Valdez, and Whittier. 

Seward was to be utilized for the 1980 barley crop from Delta Junction, 

though due to a shortened harvest season, no grain was exported this year.

6



CHAPTER III 

PROCESSING AREA LOCATION

Any project area impacts on the routing systems center on the location 

of a processing area as this is where the major unloading, loading and 

any processing and packing would take place. To maintain the flexibility 

desired, this processing area should be located where all routing systems 

are readily available, or to somehow allow for efficient routing of 

commodities. The end three locational concepts were developed for the 

processing area and presented below. Advantages and disadvantages for 

each concept are identified and impacts on existing routing systems dis­

cussed. These should be addressed in making a decision on the location 

of the area.

1. Concept 1 - Processing Area in City

Figure 2 illustrates a possible processing area in, or adjacent to,

Nenana. This location is ideal from a transportation standpoint as all 

modes of routing are available within a corridor, meaning virtually no 

capital improvements to reach the area, the area is close to the residences 

of people who would be working in the processing area; and a source of 

water is close at hand for processing purposes. Impact from possible 

noise, smell, and air output could pollute the surrounding area 

and cause ice fog problems for the airport, though wind data indicates 

that the direction of prevailing winds might mitigate any air pollution 

problems within the community boundaries. A potential flood hazard 

exists due to the areas' proximity to the rivers; and soils maps indicate 

heavy permafrost in some areas.

2. Concept II - Processing Area Centered in Project Area

In this concept, the processing area would be located along a rail spur 

in the center of the project (Figure 2). This would cut down the distance 

between the field and the processing area; reduce the area's impact on the 

community of Nenana; and, if the spur were to connect Nenana and Tanana, 

it would create another access to the Tanana area and reduce travel time for

7
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commodities traveling by barge. However, this concept would entail con­

siderable capital expense in terms of a transportation corridor linking the 

processing area with the existing modes; water would not be as readily 

available for industrial use; commodities, if shipped by barge to the 

final destination, would have to be handled twice (load rail/load barge); 

and locating the area in the center of the project would take up a consid­

erable amount of valuable agricultural land. Workers driving to the 

area pose potential traffic congestion problems on the bridge and main 

roads, and the commuting cost is the largest as this location is the 

furthest from Nenana.

3. Concept III - Processing Area Downstream from Nenana (Figure 2)

In this concept the processing area would be located approximately a 

mile down the Tanana River from Nenana. Being a distance from the 

community would alleviate possible incompatability and pollution 

problems associated with being near other activities. Locating the area 

here would allow for only a moderate capital investment in terms of a 

transportation corridor. All modes of routing could still be available; 

though, as the major expense in linking the areas with the main rail 

system would be a railroad bridge across the Nenana River, an expenditure 

of this magnitude is unwarranted unless the spur continued on to the 

community of Tanana.
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CHAPTER IV 

PRELIMINARY ROADWAY NETWORK

Before establishing a roadway network for the project area, several 

factor' were reviewed which affect its layout. Soil in the area was 

reviewed for its agricultural capability and the location of perma­

frost and bogs. Land ownership was reviewed to determine location 

of state-patent lands and boundaries of other ownership which might 

affect roadway layout, (easements and rights-of-way are discussed in 

Chapter VII). A parcelization scheme was put together based on 

agricultural capability of the soil and present land ownership.

Various phases of road development are proposed linking the project 

area with Nenana and the Parks Highway at Rex. The initial phase would 

provide access from the project area to a central processing point and 

loading point in Nenana (as discussed in Chapter III). Other phases would 

continue expansion into areas adjacent to Phase I and would include the 

development of a road to Rex. Layout, design and estimated costs of this 

development are discussed in this section.

1. Soils and Parcelization

Figure 3 indicates the soil characteristics in the project area. Class II 

and III soils are highlighted and are the only soils considered adequate 

for agricultural production. Class IV and below are being considered for 

grazing purposes. Areas of permafrost and bog are also identified, as 

these areas must be avoided both in agricultural activities and roadway 

construction.

It has been recommended that Class II soils be put into parcels of 640 

acres and under for purposes of vegetable production and Class III soils 

into parcels of 2,560 acres and over for purposes of grain production.1

interview with Bob Pollock, Agricultural Action Council, October 8, 1980.

10
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It was also assumed that several small lots (5-10 acres) would be made 

available to increase the population base and reduce utility costs.

Figure 3 illustrates a possible parcelization of the initial project 

area based on the above information.

2. Layout

Figures 4 and 5 illustrate the proposed roadway network providing access 

to the initial phase of the project. This network attempted to follow 

section lines for two reasons: First, to take advantage of section line 

easements; and second, parcelization will most likely be in aliquot 

parts. This roadway layout is flexible in that it can be modified fairly 

easily once the final parcelization is made. This network also lends 

itself to future branching out from the initial phase in a wheel and 

spoke manner. Collector and feeder roads were laid out to provide access 

to parcels and where traffic was estimated to be primarily local.

3. Roadway Design and Estimated Costs

Preliminary soils studies indicate a more economical alternative than the 

standard pit borrow method of building roads may be utilized for the Nenana 

Agricultural Project. The combination of minimal overburden with suitable 

structural material directly beneath lends itself to the roadside borrow 

concept of construction. This method utilizes the structural material 

from within the right-of-way to build the road, eliminating the more expen­

sive remote borrow-haul method. The organic overburden is stripped and 

stockpiled at the edge of the right-of-way for use as backfill to bring 

the sideslopes and ditches to grade. This method of construction will 

require rights-of-way in excess of the 100 foot section line easements 

that may be available. In areas where adequate right-of-way is not 

available or where pockets of unsuitable structural material exist, the 

pit borrow method will have to be utilized as an alternate construction 

method. Tables A and B show estimated 1981 cost comparisons indicating 

that approximately $35,000.00 per mile may be saved by utilizing the road­

side borrow method of construction. Figure 6 illustrates typical road­

way sections for all types of roads in the project using both alternatives

12



• * • * .  ,” rV-> 'V '* .

Pi&UEE Kl— 4*
F E B R U A R Y  1 9 8 1

U A . Y O U T  D E A w l K l f e j  
O V E R A L L  V P o J E C T  ‘K O A D v v A . r  
____________'ILLiAniA_________
1 J-.lLl.W'l Z • iC - ft |

Alaska Transportation Consultants, Inc.

AA4A5 O* LOW RELIC f> A«
IMTIItPKI TOO FKDM AIRlAL 
Pv«OTDCHIAI»H» -  PoaOiSLS
ica ieu»Eft.

• * -  SWAMPS A l ACITdAVlD,
♦ * '■ iwoscayb oncv m  w e n w

a h ia i , a?> in T fu i'u n ro  roo- 
- •.* ' AERIAL PMOTObttAPH*-

* * RjS%rBL.a >CB LfX^Cb-

ARTBRiAL. 
»■■■— ■■■■■■■■■■ COU.eC.TOR_______PBEOCR.

—  —*- - f-  —- RAjlRQAD



_ < » , I.



______________

UTIU

0  - ACTsttjALic^o'; c-oi_uec.Tce.200; e e e o t e  iso#
©  - AeT&(ZlAL 16*'; CCULBCTCe «4-'j PEEPEE. I* ' 
Q -AETBE iAl  2.̂ 7 >CC<_l_e CTO E. 2.C7*; PEEPSLZ- 2.«7

KiOTC: P|L.U PeVTM VAC .Y DePE-NplfJC ON TE |£EAlN

T Y P I C A L  F A g M  C O A P ^ i p E  S Q g g Q W

*T|I|P
^C^ANiiCt> J AV*.

(?) ~  a h t b w ia l  t<«'; c Ou l P.CTOB. • PEBDER IB 

(2)- AETERiAL 2.6»7'; COuuECTOe 2..C.7'; PEBDER. 2 . l 7 #
UDT6. P iu u P B P T ii m a y  V A B Y  (vePSM P >vjC* O J  T E B E A iN

T Y P I C A L  F A R M  P I T  I r S O K C O W  
• . a i e :  m obiz.. r«>o’i v e t r .  i" * t '

®  - ARTERIAL. 14' ;  COLLECTOR )Vj FEEOEtt l i '
Q ii - A e re B .iA u  Jiwo.;<4oi.u«:c.Toii Y*vt«; peecei* s ’avc,

NOTE'. F il l . PCPTM MAY » » I Y  P tP B M P iN lio  CM  E O A P IiE D

IIANP 6LEAI2 ., po  NOT pfeTURfr O R 4A N I4  MAT

‘.OIL*. CLARIFICATION-
F E B R U A R Y  I 9 8  I

m ^nana

Al»ik» Tr«»ip«r(»tloB ConiuU««tj, lacTYPICAL FARM UN'pTA^LE E-OAP frE P  PiT B’Q e e o w
•jCALE. MoaH-l". loJ ; v«KT. i'*l*



as well as a typical section for roadway through unstable areas or perma­

frost. The proposed gravel road system within the Nenana Agricultural Pro­

ject will be quite similar to the existing gravel roads that service the Delta 

Barley Project with respect to usage and climatic influences. State 

Department of Transportation figures indicate that the Fiscal Year of 

1979-1980 average maintenance cost per mile per year for 41.36 miles 

of gravel road near Delta was $2,490.00. Assuming a 25% inflation factor 

from 1980 to 1982, surface maintenance and snow removal costs for gravel 

roads in the Nenana Agricultural Project should average approximately 

$3,115.00 per mile for the Fiscal Year of 1982.



TABLE A

TYPICAL CROSS SECTION QUANTITIES -PIT BORROW

UNIT PRICE COST/MILE

Cleared Grub 100 LF $2,000/acre $ 24,242.

Unclassified Exc. 41.5 sq.ft. $2.50/yd. $ 20,288.

Borrow 104.1 sq.ft. $3.75/yd. $ 76.340.

Subbase "C" 10.83 sq.ft. $19.75/yd. $ 1,827.

Side slopes 35.28 sq.ft. $2.50/yd. $ 17,248.

Seeding 68 LF $11.75/1,000 sq.ft. $ 4,218.

18" Culverts (82 LF) 1 pr. 2500 ft. $35.00/LF $ 6,061.

Culvert markers 2 pr. 2500 ft. $50.00/EA $ 211.

Monument cases 4/miles $200.00/EA $ 800.

Open borrow pits 1 pr. 2 miles $64.60/EA $ 3,230.

Road Signs 10 sq.ft/mile $40.00/sq.ft. $ 400.

Subtotal $ 194,868.

Dust control $7.50/1,000 gal. $ 550.

Equal Employment Opportunity N/A $ 100.

Subtotal $ 194,868.

Contractor Engineering (5%) $ 9,775.

Contractor Costs Total $ 205,294.

Consultant Engineering (20%) $ 41,058.

Total $ 246,353.

Assume 25% inflation 1979-1981 $ 307,941'.

Use $ 310,000.
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TABLE B

TYPICAL CROSS SECTION QUANTITIES -ROADSIDE BORROW

UNIT PRICE COST/MILE

Cleared grub 200 LF $2,000/acre $ 48,484.85
Unclassified exc. 132 sq.ft. $2.50/cu.yd. $ 64,533.33
Subbase "C" 10.83 sq.ft. $19.75/cu.yd. $ 41,827.27
Seeding 168 LF $11.75/1,000 sq.ft. $ 10,422.72
18" Culvert (92 LF) 1 pr. 2500 ft. $35.00/LF $ 6,800.64
Culvert markers 2 pr. 2500 ft. S50.00/EA $ 211.20
Monument cases 4/miles $200.00/EA $ 800.00
Road signs 10 sq.ft./mile $40.00/sq.ft. $ 400.00

Subtotal $ 173,430.01

Dust control $7.50/1,000 gal. $ 550.00
Equal Employment Opportunity (EEO) N/A $ 100.00

Subtotal $ 174,130.01

Contractor Engineering (5%) $ 8,706.50

Contractor Costs Total $ 182,836.51

Consultant Engineering (20 %) $ 36,567.30

Total $ 219,403.81

Assume 251 inflation 1979-1981 $ 274,254.76

Use $ 275,000.00*

* rounded numbers



CHAPTER V 

STREAM CROSSINGS

The roadway network which will serve the agricultural development in the 

Tanana Valley will originate in Nenana. Nenana has rail, highway, and 

river transportation facilities, and is the logical focal point for this 

transportation link.

Direct access to Nenana does require a major river crossing structure 

over the Nenana River, as well as several other smaller structures for the 

West Middle and East Middle Rivers and for the Little Nenana River. Since 

Nenana will be the origin and destination for much of the traffic generated 

in this valley, tne optimum cost benefit ratio for users would dictate that 

the river crossing be placed in close proximity to Nenana.

A reconnaissance of the Nenana River Valley upstream from its junction 

with the Tanana River was made by air. The general mapping of the region 

was reviewed and using the air reconnaissance and the mapping, it is 

possible to determine the general characteristics of the river in this 

area. For an extended distance upstream from the river junction, the 

Nenana River flows through a broad, flat flood plain. Generally, the 

stream is highly braided, with evidence of a shifting stream occuring 

through the years. There is evidence that the erodable nature of the 

river valley, coupled with periods of high stream flow, due to the source 

of the stream in mountainous terrain, results in frequent shifts in the 

river course and in general instability of the river channel.

Although it is not clear cut, there appears to be some higher degree of 

stability of the river in the vicinity of its junction with the Tanana 

River. Because of the general development in this region, some minor 

bank control has been done in the past. Future development of this area 

would warrant additional stabilization measures in the vicinity of Nenana, 

and these measures would not only benefit the community, but could 

also serve to protect the roadway link to the Tanana Valley.

Limited geological information is available for the area. It is assumed 

that the river is of sufficient size for a thaw bulb to exit in the
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general vicinity of the river. Generally, it is understood that 

unconsolidated gravels and sands which are an outwash from the mountains 

prevail through the area. Since these underlying materials are un­

consolidated, it is anticipated that piles will be required for the 

foundation support. In accordance with local practice and also as a 

general appropriate application, it is anticipated that steel H piles 

will be used for all foundations. Soil borings will be required at the

location of the substructure units along with a geotechnical report to

more accurately identify actual insitu conditions.

At the West Middle and East Middle River and at the Little Nenana River, 

it appears that the stream flow is minimal. Thus, there is a possibility 

that permafrost does exist in these locations. The presence of permafrost 

would be determined by future soil borings.

There is not a gaging station in the vicinity of Nenana on the Nenana 

River and as a result, there is limited hydrological information available. 

Generally, the approximate ground elevation of Nenana is 351.0 feet. A 

high water elevation on the Tanana River at the railroad bridge is 358

feet for a 50 year flood. The proximity of the bridge crossing to the

railroad bridge justifies the use of this elevation for the high water 

.evation in the development of the bridge concept plan.

A tentative location for the river crossing has been set at a location 

approximately 3,000 feet upstream from the Tanana River. This location 

will permit the roadway to connect with Tenth Street, which has been ex­

tended by the City across the railroad. At this location, the river 

channel is relativity well defined and a crossing can be made without 

skewing the structure, wnich will optimize the structural lergch and 

result in minimum costs.

The proposed structure is a three span stucture with a length of 560 

feet having spans of 172'-6". 215"-0". 172'-6". (Figure 7,8) The super­

structure consists of four steel girders using composite action with a concrete 

deck. The concrete deck has a clear roadway width of 34'-0" with cr.r.c-afcr* 

barrier curbs.
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Using a high water elevation of 358 feet, a minimum clearance of 

8'-0" is indicated above high water to low steel, which exceeds the 

suggested 6'-0" clearance by AASHTO Bridge Specifications. The necessary 

clearance over high water, and the depth of the superstructure will 

elevate the roadway above the approach roadways. The roadway elevation 

will be achieved by using a gradient on the approach roadways from each 

direction, and with a vertical curve on the structure with its apex near 

the center of the structure. The vertical curve will be designed for

a speed of 60 mph.

A three span bridge will require the placement of two piers in the 

stream flow. The velocity of the stream, heavy water volumes, and thick 

ice will require large massive piers. Presently, it is contemplated 

that these will be single shaft concrete piers with steel ice plates.

Footings will be located below the stream bed sufficiently to be below 

anticipated scour depths, and will be supported on steel H piles.

The abutments would be concrete stub abutments supported on steel H

piles. These abutments will be located on embankment and the material for

the embankment in the vicinity of these abutments should be non-frost 

susceptible soils to prevent frost heave.

Without specific information ori water volumes, it has not been ascertained 

that the indicated waterway opening is sufficient to accomodate the flows. 

However, with low profile approach roadways, the approach roadways would 

be inundated during periods of flooding with flow crossing over the 

roadway.

Initially, it was contemplated that rail service to the area was a considera­

tion. There presently does not exist justification for rail service to the 

study region based on cost-benefit ratios. However, should the ultimate 

development of the area occur with the addition of agri-processing plants, 

there may well be the economic need and demand for rail service to the 

area. This rail link would logically tie to the existing rail line at 

Nenana. To avoid the establishment of an additional and independent trans­

portation corridor, the future rail line would closely parallel the road­

way corridor. As a result, the river crossing of the Nenana would be

■
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para l le l  and adjacent  to the highway crossing.

The railroad bridge would preferably be a through girder steel bridge 

structure on the upstream side of the highway bridge. The superstructure 

and substructure would be independent of the highway bridge. Some overall 

cost savings would be achieved if the substructure for the railroad bridge 

was constructed with that of the highway bridge, but this would require a 

substantial investment for a structure which may not be constructed at 

any time in the near future.

In recognition of the severe lateral forces imposed on the substructure, the 

railroad would have an identical span arrangement with that of the highway 

bridge. This is also necessary to avoid impeding the flow of v/ater and 

ice which would occur if non-aligned piers for the two structures were 

used. The superstructure would be designed for a Cooper's E-80 loading.

It is assumed that the rail line would be a low speed operation and that 

the structure could be a non-ballasted deck.

The approach grades to the rail r e d  structure would have gradients not 

exceeding 2% and would be somewhat longer than the roadway approaches.

With some inherent instability of the stream, stabilization of the river 

banks may be required upstream from the structure. It is not expected to 

be a major undertaking, but it will be necessary to inspect the upstream 

banks in the vicinity of the proposed structure to ascertain if any revet­

ments are required.

For purposes of development of a concept, a clear span of 100 feet was 

assumed for the West Middle and East Middle River. (Figure 9) These struc­

tures would consist of concrete bulb T superstructures, supported on concrete 

stub abutment with steel H piles. For the Little ilenana River Bridge, 

it was assumed that a large culvert could be used to contain the flow 

in this stream.

Wo site specific information was available in the form of surveys, 

geological information, or hydrological data, and these concepts cor the
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structures were developed using aerial photographs and other undocumented 

data. As more specific knowledge is gained, the proposed structures may 

change in concept and size.

Other minor structures will be required to provide flow for1 drainage areas 
lying in the path of the proposed roadway. Presently, it is contemplated 

that round culverts will be adequate for this purpose.

The following is a list of total costs, including soil exploration, 

engineering, construction inspection, and construction cost for each 

of the bridges over Nenana River and its tributaries. Costs related to 

various items such as right-of-way, utilities, bridge embankments and 

inflation factors are not included in the estimate. Costs presented 

are to be reasonable order-of-magnitude costs for work as of Spring 1981.

NAME TOTAL COST

A. Nenana River Bridge

B. Little Nenana River Bridge

C. East Middle River Bridge

D. West Middle River Bridge

$ 4,040,400 

$ 97,500

$ 608,400

$ 608,400

TOTAL $ 5,354,700
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CHAPTER VI 

PERMITS

Permits are required from both state and federal agencies. Use of land 

and environmental concerns will involve the state in all stages of the 

project; construction stages will also require federal permits. The 

application process has been divided into four (4) stages, based on 

anticipated work progress. A separate application for state permits 

will be made for each of the four (4) stages, which are:

1. Survey and Boring-Bridges

2. Survey and Boring-Road (Phase I)

3. Bridge Construction

4. Road Construction

For state permits, Master Applications will be used (as detailed below); 

and, the staged application procedure will more effectively identify 

required state permits. Federal agencies are easier to identify, as 

fewer are directly involved; however processing time is six (6 ) months or 

longer. The federal government is now in the process of making a wetlands 

determination, the outcome of which would identify the need for any federal 

permits.

State Permi cs

A Master Application has been made to the Alaska Permit Information 

Center in Fairbanks. The Master Application serves as a notice of intent 

to the state of a proposed project. The Center notifies state agencies 

(about 200), and they have fifteen (15) days to respond. All responses 

including necessary individual department permit applications are re­

turned to the center. The process is outlined in the attached Master 

Application Information Sheet, (See Appendix 2). The applicant is 

responsible for completion of all anplications and payment of fees.

Key state dcpai unents are Fish & Game, and the Department of Environmental 

Conservation (DEC). State Division of Lands will be concerned about 

right-of-way. Fish & Game is primarily concerned with stream crossing 

and will issue a Title 16 Permit; first stage boring work will be
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subject to Fish & Game requirements. DEC requires Water Qaulity 

Certification under Section 401 of Public Law 92500. The Master 

Application process will identify all state agencies requiring permits 

for the individual stages. Agencies not responding to the Master 

Application within fifteen (15) days, may not later require a permit . 1

With the state agencies, as with federal departments, preliminary review 

of the application prior to submission will expedite approval.

Federal Permits

Application to the Corps of Engineers is the principle step in the federal 

process. The Corps assures public notice of a proposed project; other 

agencies then respond to the Corps. Statutes that apply are:

1. "River and Harbor Act of 1899", Section 10.

2. " C l e n  Water Act", Section 404, covers use of fill material.

3. Permits required: for use of areas defined as Wetlands and Floodplains.

A key agency that should review applications prior to filing is the U.S. 

Department of Fish & Wildlife Service. The Fairbanks office will work 

closely with the applicant; recommendations will be made so that proposed 

project will be within Fish & Wildlife guidelines. An important part of 

the review will be definition of Wetlands, if any in the project area.

Time frame for the review will be 3-4 weeks and is now in progress.

The Environmental Protection Agency (EPA) and National Marine Fisheries 

Service will be concerned; but, individual contact at present does not 

appear to be needed prior to Corps application. Their reaction and 

progress concerning the Corps application, should be monitored however.

The Coast Gua*d grants permits to cross navigable rivers under Section 9 

of the "River and Harbor Act of 1899".^

Section 46.35.030, Water, Etc., Conservation (See Appendix 3).

0
Interview with Mark Millea, Aids to Navigation Section, U.S. Coast 
Guard, Juneau, Alaska.
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The Nenana River is classified in the Advanced Approval Category and 

requires no permit. The East and West Middle Rivers were determined to 

be distributaries of the Nenana River, thus being classified in the 

Advance Approval category as well, (Appendix 4).

No federal permits are required for preliminary survey and geotechnical 

work along the proposed roadway routing.

Additionally, a permit is needed to cross Alaska Railroad Terminal 

Reserve on the east bank of the Nenana River. The process to obtain 

this permit has been initiated though final results are still pending.

29



CHAPTER VII 

LAND ACQUISITION FOR RIGHTS-OF-WAY

There are various methods available to acquire land for the roadway and 

utility rights-of-way in this project. The most straightforward of these 

methods is the use of section line easements granted through both state 

and federal statutes.* For the most part, the pronosed roadway network 

follows section lines to take advantage of this easement. Other methods 

of acquiring land are included in the power of eminent domain. The use 

of eminent domain and section line easements, project rights-of-way re­

quirements, and recommendations pursuant to the acquisition of those 

rights-of-way are detailed below.

1. Eminent Domain

According to Title 9, Article 4, Section 9.55.240, the power of eminent

domain is available for use in acquiring land for the building of the

roads, telephone lines, and power lines in this project. Proceedings

instituted under the power of eminent domain are accompanied by a declara

tion of taking. This declaration must contain items describing the

authority under which the property is taken, the public use for which

it is taken, a description of the property, an estimate of just compen- 
2

sation, etc. It has been stressed that the most important item to be 

contained in the declaration of taking is "a statement that the property 

is taken by necessity for a project located in a manner which is most com
3

patible with the greatest public good and the least private injury."

*Basis for section line easements: Act of July 25, 1866, (RS 2477),
(43 CFR 2822, 43 USC 932); Chapter 19 SLA, April 6 , 1923; Chapter 123 
SLA, March 26, 1951; Chapter 35 SLA, March 21, 1953; Taken frcm work­
book on Section Line Easements put together by Bill Newman, Fairbanks 
North Star Borough, Planning Department, 1978.

2 A.S. 09.55.430.

Ibid; Interview with Bill Satterberg, Department of Law, Highways 
Section, October 28. 1980.
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The power of eminent domain could be utilized where section line easements 

are not already established and in the acquisition of land required beyond 

that granted in section line easements. This power is granted to both the 

state and first class cities such as Nenana . 1

2. Section Line Easements

As detailed in Chapter IV, the roadway network has been laid cut to take

full advantage of section line easements. Following is a brief outline of

the federal and state laws concerning section line easements and a method 

for determining which laws might apply to a certain piece of property.

(A) History2

The Mining Lav/ of 1866 made an offer of free right-of-way over unreserved 

public land for highway purposes. This offer became effective on April 6 ,

1923, when the territorial legislature passed Chapter 19. Any lands in 

Alaska appropriated and patented after April 6 , 1923 were subject to an 

easement along all sections, 4 rods ( 6 6  feet) wide.

The section line easements law remained in effect until January 18, 1949.

On this date, the legislature accepted the compilation of Alaska law 

which also repealed all laws not included. The section line easement law 

was repealed.

On March 26, 1951, the legislature passed an easement law which dedicated 

a section line easement IOC feet wide along all section lines on land 

owned by or acquired from the territory. This was modified on March 21,

1953, to include an easement 4 rods wide along all other section lines 

in the territory.

To have an easement on a section line means that the section line must 

be surveyed under the normal rectangular system. On large areas such 

as State or Native selections, only the exterior boundaries are surveyed

^ . S .  09.55.420 (a).

2
Taken from Workbook on Section Line Easements put together by Bill Newman, 1978.
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hence, there are no section line easements in these areas (until further 

subdivisional surveys are carried out).

Since all federal land is reserved in Alaska at this time and since the 

section line easement will have any applicability on any finalized D-2 

land since the land v/ill be reserved at the time of any survey.

Land surveyed by special survey or mineral survey are not affected by 

section line easements since such surveys are not a part of the rectangular 

net.

Section line easements relate solely to highway or road use by the public. 

They cannot be used for powerlines or restricted private access. The date 

of survey and appropriation of the land must be considered in determining 

the presence of a section line easement.

(B) Methodology 1

Using the date of entry and the date of survey plat approval, an analysis

of section line easements would proceed as follows:

A. If date of entry predated survey plat approval there is no easement.

B. If entry predated April 6 , 1923 (date of enabling 1 agis 1 ation for
section line easements) there is no section line easement.

C. If survey plat approval predated April 6 , 1923, but date of entry is 
after April 6 , 1923, but before January 18, 1949, there is a section 
line easement.

D. If survey plat approval is during the period of January 18, 1949 and 
March 21, 1953, and date of entry falls within this period, there is 
no section line easement.

E. If survey plat approval is during the period of January 18, 1949 and 
March 21, 1953, and date of entry falls after March 21, 1953, there is 
a section line easement.

F. If the land is in state ownership, there is a section line easement.

G. If the land was disposed of by the state or territory during the period
of January 18, 1949 and March 26, 1951, there is no section line easement.

H. United States Surveys (U.S.S. and Number) and Mineral Surveys (M.S. and 
Number) are not a part of the rectangular new of survey. If the rectan­
gular new is later extended, it is established around these surveys.
There are no section lines through a U.S.S. or M.S., therefore, no 
section line easements can exist on such areas.

H a k e n  from "Section Line Easement Research Technique" put together by the 
Fairbanks North Star Borough, planning Department, 1979.



There may be many other situations which would require evaluation and 

decision on a case by case basis.

3. Project Riqht-of-Way Requirements

Figure 4 presents existing land ownership in the project area. Land in 

the initial phase of the project was chosen because it is state patented.

The proposed roadway traverses a township which has been tentatively 

approved for state patent and a township including both state patent land 

and private property. The bridge crossing the Nenana River crosses private 

land along the river's west bank. Property along the east bank is currently 

classified as railroad terminal reserve. The entire township in which 

Nenana lies is being claimed for private use under the Alaska Native Claims 

Act. Thus, rights-of-way will have to be acquired from state, federal, 

and private ownership.

As discussed in Chapter IV, a right-of-way 200 feet wide is required for the 

main and collector roads in addi:ion to a 30 foot utility easement on either 

side of the roadway easement. Within the roadway easement are 32' and 28' 

of traffic lanes for the main and collector roads respectively; 52-54 feet 

of ditch on either side of the traffic lanes; and 30-34 feet of space for 

storage of organic to be used in the building of slopes. Feeder roads 

require 150 feet of roadway easement with a 30 foot utility easement on 

either side. (See Figure 6 ).

4• Conclusions and Recommendations

Acquiring rights-of-way can become a complex issue ■•:ith the potential to 

slow-up or even stop a project. In the foregoing sections it was found that 

the proposed roadway would traverse state, federal and private property. It 

was also found that required rights-of-way were greater than easements avail­

able along section lines. It has been recommended that use of "blanket 

condemnation" for necessary right-of-way might be a way of avoiding 

many problems.*

^Interview with Bill Satterbcrg, Department of Law, Highways Section, 
October 23, 1930.
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Though th is  i s  an area which d e f i n i t e l y  requ ires lega l expe r t i s e ,  current 
Jud ic ia l  p rac t ice i s  that an Engineers' exper t ise  w i l l  not be subst i tu ted 
f o r  Jud ic ia ry  opinion i f  i t  is  c l e a r  that the Engineer has exercised his 
o r  her judgement in roadway la you t . *  This exper t ise  and many o ther resources 
could be made av a i la b le  should the road be b u i l t  under the umbrel la o f  
the Local Service Roads and T r a i l s  Act (LSR&T).

Development and construct ion o f  the roadway network under LSR&T appears to 
be the most expedient approach to the acqu is i t ion  o f  r igh ts -o f -way and many 
o ther developmental requirements discussed in th i s  sect ion . Linder LSR&T
the sta te  can use i t s  mechanisms and powers to acquire necessary r igh t -o f -way

2in accordance with AS 1 9 .0 5 . 0 8 0 - . 9 . 0 5 . 1 2 0 .  The cu r rent  re v is ion  o f  the 
act would provide funds f o r  purchase o f  r igh ts -o f -way and g rave l .  However, 
th is  rev is ion  is  yet unsigned by the governor and there remains some 
controversy in the l e g i s l a t u r e  regarding the sp ec i f i c  p rov is ions f o r  the3purchase o f  r igh t -o f -way .  Unti l the issue is  reso lved however, funding* 
f o r  the purchase o f  r igh t -o f -way w i l l  nave to come through some other l e g i s l a ­
t iv e  veh ic le .

Construct ion o f  the roads under LSR&T would a l s o  guarantee maintenance e i th e r  
through the Department o f  Transportat ion and Publ ic F a c i l i t i e s  loca l4government by way o f  revenue sharing.

^Interview with B i l l  Satte rberg ,  Department o f  Law, Highways Section ,
October 28 , 1980.

2AS 19 .30 .171 .
3 Interview with Donovan Ronkin, LSR&T Engineer, Department o f  Transportat ion 
and Public F a c i l i t i e s ,  November 13, 1980.
4AS 19.30.211.
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CHAPTER V I I I  
Cost -Bene f i t  Study o f  Phase I Access Routes

Two options are av a i la lb e  f o r  the access road to Phase I o f  the Nenana\

Agr icu l tu ra l  P ro jec t .  Option One i s  a 22 .2 mile route from Nenana to the 
Center o f  Phase One that requires f ou r  bridges to be b u i l t .  Option Two 
i s  a 34 .7  mile route from near the Rex siding that requires one bridge 
across the Teklanika River . A cost ana ly s i s ,  reduced to a per-year bas is ,  
indicates tha t  the Nenana route w i l l  cost $1 ,472 ,913 .12  per year while the
Rex route w i l l  cost $1 ,517 ,365 .48  (Tables C -  G). User costs are estimated
to be $3 ,218 ,713 .50  f o r  the Nenana route and $9 ,167 ,753 .50  f o r  the Rex 
route .  These f igu res  ind icate that the Nenana route w i l l  r e s u l t  in a 
net savings to the general tax payer o f  approximately $44 ,500 .00 per 
year and a net savings to the user o f  approximately $ 5 ,949 ,0 00 .00  per 
year f o r  a t o ta l  savings o f  $5 ,993 ,5 00 .00  per year .

A cursory review indicated that f r e ig h t  costs per metr ic ton from the 
center o f  Phase I to the siding w i l l  be $3 .66 per ton ( u t i l i z i n g  r a i l  
from Nenana) f o r  the Nenana route and $4.15 per ton f o r  the Rex route
re su l t ing  in a net savings o f  $0 .49 per metric ton from the Nenana
route .
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Table C
Capital Costs Projected to 1981

Estimated project center: 1/4 corner common to sections 13 and 14,
T4S, R11W, F.M.

Planned road l i f e  - 20 years, structures - 40 years, Right-of-Way - 60 
years
Estimated Right-of-Way Costs - $5,000/Acre
Estimated Road Costs - $275,000/mile - Type "RB", $310,000/mile - Type "PB" 
Estimated Maintenance Costs - $3,115/mile
Estimated Bridge Costs - Nenana Route - $5,354,700, Rex Route - $608,400 
Estimated Interest Rate - 10%

Right-of-Way Costs 
Capital Recovery Cost
Construction Costs 
Capital Recovery Cost
Bridge Costs 
Capital Recovery Cost
Maintenance Cost/Year
Total Costs/Year

Nenana Route
22.2 Miles Gravel 

0 Miles Paved
$1,345,454.55

134,989.45
$6,140,000.00

721,204.40
$5,354,700.00

547,566.27
$ 69,153.00
$1,472,913.12

Rex Route
34.7 Miles Gravel 
28.9 Miles Paved
$2,254,545.46 0

226,198.55 0
$9,542,500.00 0
1,120,862.05 0

$ 608,400.00 0
62,214.33 0

$ 108,090.501
$1,517,365.48 0

1
Traffic from the Nenana Agricultural Project would approximately 
double the average daily t ra f f ic  on the paved section of the 
George Parks Highway from Rex to Nen-ana. Current maintenance 
costs are primarily climate-related with negligible t ra f f ic - 
related costs. For this reason i t  is assumed that project- 
related t ra f f ic  would not appreciably affect maintenance costs 
for this section of highway.
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Table D 
User CostlDollars-Per-Year

Nenana
Route
22.2 Miles 
Gravel

Operating Costs:
76,405/Yr/Mi Gravel 1 ,,696,191
50,940/Yr/Mi Paved
29,100/Yr-l Stop 29,100

Travel Costs:
25,385/Ry/Mi 563,547
8,155/Yr-l Stop 8,155

Fuel Consumption:
27,730/Yr/Mi 615,606
9,455/Yr-l Stop 9,455

Comfort and 
Convenience:

11,635/Yr/Mi Gravel 258,297
3,880/Yr/Mi Paved

Accident Costs:
1,705/Yr/Mi Gravel 38,367.50

1,044,480/Yr Paved

Rex
Route
34.7 Miles 
Gravel

2,651,253.50

29,100

880,859.50
8,155

962,231
9,455

403*734.50

59,163.50

23.9 Miles 
Paved

1 ,472,166 

733,626.50 

801,397

112,132 

1 ,044,480

Sub Total 

Total

$3,218,713.50 $5,003,952.00 $4,163,801.50

3,218,713.50 9,167,753.00



Table E
Roadway Operating Cost Comparisons

A. Operating Costs: Assume level grade - 55 MPH - 1 Stop

(76.23)(1...723)(850)(365)(1.25) = $5 0 , 9 3 6 . 9 6  use $50,940/Yr/Mi (Paved)
luuu gravel (1.5)(50,936.96) = 76,405.44

use 76,405/Yr/Mi

(30.75)_(1.627)(850,)(365)(1.25) = $19,402.36/Yr use $19,400/Yr (Paved)
luuu gravel (1.5)(19,402.36) = 29,103.53

use $29,100/Yr

B. Travel Time:

.(850_).(365)i(3.60 average wage)(1.25/NF) _ $25,384.09 use $25,385/Yr/Mi 
bb

84_)_(850)_(36.5.).(.l.;)..(.3 .60).(1.25) = $8 #1 5 3 , 3 7  Use $8,155/Yr

C. Fuel Consumption: Assume $1.30/Gal - $1.25 Inflation

(55)(850)_(365)(1.30)_(1.J 5 ). = $2 7 ,728.59 use $27,730/Yr/Mi

■(■18.i?.5J.(850)(365)(1.30)_(1_.25y = $9 ,4 5 3 . 9 3  Use $9,455/Yr

D. Crmfort and Convenience: $.03/vehicle mile for gravel $.01 for pavement

Gravel (.03)(850)(365)(1.25) = 11,634.38 use $11,635/Yr/Mi 
Paving (.01)(850)(365)(1.25) = 3,878.13 use $ 3,880/Yr/Mi
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Traffic Data

Accident Data: (Use 13.2 Mile Delta Clearwater Road for similar comparison)
DOT/PF monetary equivalents: injury - $9,490; fa ta l i ty  -
$260,000.

Gravel Roads

Fatalities
1977 0
1978 0
1979 _0
3 Year Total 0
Total Costs 0
Cost/Yr/Mi (37,960+16,275)/(3)(13.25) 

$1705.50 use $1705

Injuries Property Damage/$
3 7,775
0 2,350
1 6,150
4 16,275

$37,960 $16,275
= 1364.4 x 25% Inflation =

George Parks Highway Rex to Nenana

Fatalities Injuries Property Damage/$
1977 1 16 90,095
1978 1 8 44,250
1979 _1_ _ !  35,350
3 Year Total 3 32 169,695
Total Costs $780,000 $303,680 $169,695
Cost/Yr (780,000+303,680+169,695)/3 Year = $417,791.67 x 25% Inflation = 

$522,239.58 x 2 for approximately doubling t ra f f ic  = 
$1,044,479.17 use $1,044,480.00

Note: Design Speed 55 MRH
Volume 850 ADT
Stops 1
Slowdowns 
and Idling N/A



Table G 
Freight Costs

Pro jected to 1981: ( . 0 3 5 ) 1 (1.25% I n f l a t i o n )  = $0 44/metric ton mile r a i l
( . 0 4 6 ( 2 ) ( 1 . 2 5 %  I n f l a t i o n )  = $ . 115/metric ton mile

Rai l road miles Rex to Nenana 25% (approximate)
Road miles Nenana Rai l road to P ro je c t  22 (approximate)
Road miles Rex to P ro jec t  36.1 (approximate)

Nenana Route Rex Route

RR Road Road
1.13 + 2 .53 -  $ 3 . 66 / ton $ 4 . 15/ton

3Ra i1 $035/metric ton mi le (based on Delta Bar ley P ro jec t  Costs ) .
? Commercial Truck $046/metric ton mile (one-way) (based on Delta Bar ley 
P ro je c t  Costs ) .
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CHAPTER IX
COMMERCIAL VIABILITY OF THE AGRICULTURAL TRANSPORTATION SYSTEM

Commercial v i a b i l i t y  o f  a roadway network can be defined as how the system 
lends i t s e l f  to an increase in bene f i ts  to the primary commercial user.
In th is  case the gra in producers w i l l  be considered the primary users 
i n i t i a l l y ;  and i t  is  assumed th a t ,  while the other ag r ic u l tu ra l  indus­
t r i e s  may have d i f f e r e n t  t ranspo r ta t ion  needs, costs and ana ly t ica l  
approach would be s im i l a r .

As sta ted in the in t roduct ion to th is  r e p o r t ,  t ranspo r ta t ion  is  an 
important aspect in ru ra l  development. A commercial ly v iab le  t ranspo r t  
system is  a major cog in the success o f  ag r i c u l t u r a l  development in 
Alaska. The Final Report o f  the Rural Transportat ion Advisory Task 
Force s ta tes  that i t  is  v i t a l  to assure the e f f i c i e n t  movement o f  
ag r i c u l t u r a l  products and farm inputs ,  "both because o f  the geographic 
d ispers ion o f  farming, and because o f  export o f  a g r i c u l tu ra l  products 
has become essen t ia l  to the nat ion 's  balance o f  payments."1 This 
statement holds t rue in Alaska e sp e c ia l l y  when considering the present 
marketing plans f o r  Alaskan bar ley  and the t ranspo r ta t ion  problems 
unique to Alaska's emerging a g r i c u l t u r a l  industry .

This sect ion presents an ana lys is  o f  a l t e rn a t i v e  methods f o r  the t rans ­
por t  o f  grain between the i n i t i a l  p ro je c t  area and Nenana. The purpose o f  
th is  ana lys is  is  to provide a f l e x i b l e  range o f  options by which the 
t ranspo r ta t ion  system can be made commercial ly v iab le .

A roadway is  commercial ly v iab le  i f  commercial user costs are low enough 
to provide f o r  a competitive p r o f i t  margin. This is  accomplished through 
the design o f  a system which most e f f e c t i v e l y  reduces costs essent ia l  to 
the t ranspo r t  o f  a commodity from farm to market.

"Agricu l tura l Transportat ion Serv ices :  Needs, Problems, Oppo r tun i t ie s " ,
The Final Report o f  the R u ra l ’ Transportat ion Advisory Task Force, January, 
1980 . ,  p. 11.
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Fou r  t r a n s p o r t  schemes were e v a l u a t e d  f o r  t r a n s p o r t a t i o n  o f  g r a i n  f r om  
fa rm  t o  m a rk e t :

I .  Home S t o r a g e ,  f a rm e r  h a u l s  t o  Nenana
I I .  Home S t o r a g e ,  t r a n s f e r  p o i n t  o t h e r  e n t i t y  t r a n s p o r t s  t o  Nenana

I I I .  No Home S t o r a g e ,  t r a n s f e r  p o i n t
IV . No Home S t o r a g e ,  no t r a n s f e r  p o i n t

To a n a l y z e  the  v a r i o u s  a l t e r n a t i v e s  f o r  t r a n s f e r r i n g  the  g r a i n  f r om  fa rm  
t o  m a r k e t ,  s e v e r a l  a s sump t ion s  o f  c o n d i t i o n s  and c a l c u l a t i o n s  o f  c o s t s  were 
made f o r  the  i n i t i a l  p r o j e c t  a r e a .  The f o l l o w i n g  i s  a b r i e f  d e s c r i p t i o n  
o f  e s t im a t e d  p r o j e c t  a r e a  a c t i v i t y  a l o n g  w i th  an o u t l i n e  o f  a ssumpt ion s  
used t o  de t e rm ine  c o s t s  o f  th e  t r a n s p o r t a t i o n  sys tem .

P r o j e c t  Area A c t i v i t y

The i n i t i a l  p r o j e c t  a r e a  i s  two townsh ips  in  s i z e ,  l y i n g  13 m i l e s  west  
o f  t h e  C i t y  o f  Nenana. There  a r e  s e ven teen  ( 1 7 )  g r a i n  f a rms  and ten ( 1 0 )  
s m a l l e r  f a rms w i t h i n  the  p r o j e c t  under  p roposed  p a r c e l i z a t i o n .  A d d i t i o n a l  
5 a c r e  home s i t e s  a r e  be ing recommended t o  i n c r e a s e  the  p o p u l a t i o n  base  in  
the  a r e a .  An e s t im a t e  o f  g r a i n  p r o d u c t i o n  i s  based on a 1 / 3  f a l l o w  system 
and 42 b u s h e l s / a c r e ,  a ve r ag e  h a r v e s t  o f  b a r l e y .  The re  a r e  3 9 ,  680 a c r e s  
w i t h i n  t h e  17 g r a i n  f a rm s .  Th i s  would pu t  2 6 , 4 5 0  a c r e s  i n t o  b a r l e y  a t  
any one t im e .  At 42 b u s h e l s / a c r e  t h e r e  wou ld be a p p r o x im a t e l y  1 , 1 1 1 , 0 0 0  
b u s h e l s  p e r  h a r v e s t .  Th i s  g r a i n  would be t r a n s f e r r e d  t o  the  r a i l h e a d  
in  Nenana and sh ipped f r om  t h e r e  t o  p o r t .  A d d i t i o n a l  t r a n s p o r t a t i o n  
would be r e q u i r e d  by commod i t ies  o r i g i n a t i n g  on the s m a l l e r  f a rm s .

Assumpt ions

S e v e r a l  a ssumpt ions  were a p p l i e d  t o  the  a n a l y s i s  o f  the  g r a i n  t r a n s p o r t  
sys tem .  These a s sum p t i on s ,  which s hou ld  be m od i f i e d  to  f i t  i n d i v i d u a l  
f a rm  s i t u a t i o n s ,  were :

1. Ave rage Farm S i z e :  2560  a c r e
2 .  Combine C a p a c i t y :  2 , 0 0 0  b u s h e l s / d a y
3.  Combine b in  c a p a c i t y :  65 b u sh e l s  r e q u i r i n g  u n l o ad ing  e v e r y  

twen ty  ( 2 0 )  m inu tes
4 .  T ruck c a p a c i t i e s :  250  b u s h e l s ,  700 b u s h e l s ,  1 , 0 5 0  bu sh e l s
5 .  Ave rage Speed o f  T ru c k s :  35 mph
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6 .  Ten ( 1 0 )  hou r  workday
7 .  Average H a r v e s t  on 2560  a c r e s  = 7 1 , 6 8 0  bu sh e l s

F o l l ow in g  th e  c o n c l u s i o n  o f  Chap te r  V I I I ,  i t  was a l s o  assumed th a t^ t h e  
p roposed  roadway between the  i n i t i a l  p r o j e c t  and Nenana would be the  
road  used by the  f a rm e r s  in  the  i n i t i a l  p r o j e c t  a r e a .

E s s e n t i a l  c o s t s  f o r  Nenana g r a i n  t r a n s p o r t  were de te rm ined  t o  c e n t e r  in 
the  a r e a s  o u t l i n e d  in  F i g u re  11 .  T h i s  r e p o r t  f o c u s e s  on c o s t s  i n ­
v o l v e d  in  t r a n s p o r t i n g  g r a i n  f r om  o n - f a rm  s t o r a g e  t o  r a i l h e a d .  Roadway 
q u a l i t y ,  l o c a t i o n  o f  p o s s i b l e  t r a n s f e r  f a c i l i t i e s ,  c h o ic e  in  method o f  
t r a n s p o r t  a r e  f a c t o r s  which a f f e c t  e s s e n t i a l  c o s t s .  An exam ina t i on  o f  
the  r e l a t i o n s h i p  between t h e s e  f a c t o r s  and e s s e n t i a l  c o s t s  i s  used in 
d e t e rm in in g  a f ramework  f o r  a c om m e r c i a l l y  v i a b l e  r o ad .  These w i l l  be 
d i s c u s s e d  f o l l o w i n g  an a n a l y s i s  o f  the e s s e n t i a l  c o s t  components .

E s s e n t i a l  C o s t  Components

On- fa rm  s t o r a g e  o f f e r s  f l e x i b i l i t y  t o  the  g r a i n  p r o du c e r s  in  a number o f  
ways. F i r s t ,  i t  a l l o w s  them t o  h o l d  t h e i r  c r o p s  u n t i l  t hey  can s e l l  a t  
the  b e s t  p r i c e .  Second ,  s t o r i n g  the  g r a i n  on the  fa rm  a l l o w s  the  f a rm e r  
t o  t r a n s f e r  the  g r a i n  t o  the  r a i l h e a d  u s ing  the  mode most econom ica l  t o  
him. T h i r d ,  o n - f a rm  s t o r a g e  reduces  o r  e l im i n a t e s  s t o r a g e  c o s t s  e l s ew he r e .

I t  was e s t im a t e d  f rom e x o e r i e n c e s  in  D e l t a  J u n c t i o n  t h a t  grc.in s t o r a g e  in 
A la s k a  c o s t s  abcu t  $ 0 . 2 5 / b u s h e l / y e a r . 1 Wh i le  a g r i c u l t u r e  is. in i t s  d e v e l o p ­
menta l  s t a g e s  in  A la s k a  g r a i n  r e c e i v e s  c e r t a i n  p r i c e  su p p o r t s  which n u l l i f y  
the  advan tages  o f  o n - f a rm  s t o r a g e .  As A la skan  g r a i n  becomes s u b j e c t  t o  
w o r l d  m a rk e t  p r i c e s  the  advan tages  o f  o n - f a rm  s t o r a g e  w i l l  i n c r e a s e  con­
s i d e r a b l y .  As a r e s u l t ,  i t  i s  assumed t h a t  the  m a j o r i t y  o f  the f a rm e r s  
in  the  Nenana a r e a  w i l l  have o n - f a rm  s t o r a g e  f o r  a l a r g e  p o r t i o n ,  i f  n o t  
a l l  o f  t h e i r  h a r v e s t .  C os ts  i n v o l v e d  in o n - f a rm  s t o r a g e  a r e  made up in

^ A g r i c u l t u r a l  A c t i o n  C o u n c i l ,  December 1 ,  1980 .
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savings resulting from increased flexibility; though the rate of 

savings depends on distance between farm and elevator, labor costs, 

elevator fees, etc.

If the farmer does not have on-farm storage, or if the time is right to 

market the harvest; it is possible that a transfer site could be located 

between 1 and 7 miles of his farm. One such transfer site would be ade­

quate for the initial project area, though others might be necessary 

as agriculture expands outward from there. Once the grain is transported 

to this site it would be loaded onto larger trucks and taken to the rail­

head in Nenana.

Grain would be transported either from a centralized transfer site or 

directly from on-farm storage to the railhead in Nenana. Once the grain 

reached the main elevator there would be additional handling and storage 

fees.

Evaluation of Alternatives

The alternative transport schemes were analyzed in terms of the costs of 

their essential components. Thus, Scheme I - home storage of grain, 

hauled directly to the elevator in Nenana; was evaluated on a cost per 

bushel basis using the following formula:

H + A + E = Scheme I Costs

H + B + E = Scheme I Costs

H + C + E = Scheme I Costs

where:

H = Home Storage Costs

A = Costs of 300 bushel truck hauling direct to Nenana
(Calculated with and without labor)

B = Costs of 700 bushel truck hauling direct to Nenana
(Calculated with and without labor)

C = Costs of tractor/semi-trailer (Both commercial costs
and with/without labor)

E = Costs of storage and handling at elevator.

Scheme II was evaluated using the following formula:

H + A + T + C + E  = II 

H + B + T + C + E  = II
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Where '7' equals costs of handling at transfer point. Scheme II also 

compares 2.5 ton truck and 5 ton truck haul costs to transfer point.

Scheme III was evaluated using the following formula:

A + T + C + E  = III

B + T + C + E  = III

Scheme IV was evaluated using the following formula:

A + E = IV 

B + E = IV 

C + E = IV

Operating Costs

Costs involved owning and operating the three alternative trucks were 

obtained from local sources and are presented in Table H. For the

2.5 ton and 5 ton trucks, 25% of the annual fixed costs were assigned to

the hauling of grain. As the larger 10 ton t^uck is not as versatile

as the 2 smaller trucks might be, 69% of its fixed costs were assigned 

to grain hauling. Home storage costs were utilized from a recent study 

in Washington state . 1 These costs were adjusted for inflation and higher 

costs in Alaska and were approximated at 13<£/bushcl. Elevator handling 

costs are currently 12£/bushel in the Delta project the elevator costs and 

costs at the possible transfer site in the initial project area.

Formulas listed in Figure 12 were utilized in determining the various

transport costs of the four alternative schemes. These formulas were
2

obtained from a similar study done in Washington state.

Fi ndings

It was found that while Scheme IV had the lowest costs of all the alterna­

tives, Scheme I offered the most flexibility at the least costs to the

Hately, Rogers, Casavant. "Evaluating Transportation and Storage 
Alternatives Available to Whitman County Grain Growers". Washington 
State University, Collegeof Agricultural Resources Center, flay, 1976.

2IBID.
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Table H

Operating Costs/Mile - Alternative Grain Hauling Vehicles

A
2.5 Ton (390/Bu)

Fixed Costs

Interest on Investment 708
Depreciation 1583
Insurance 600
License and Fees  30

Total Fixed Costs 2921
25% assigned to Grain 730.25
65% assigned to Grain— C

B C
Ton (700/Bu) 10 Ton Tractor/Semi (1,500/Bu)

1654 4536
3325 9120
1050 1350

30 240
6059 15,246
1514.75

9,909.90

00

Variabje Costs

Gas 0.108 0.185 .29
Repairs 0.131 0.131 .80 (includes tires)
Tires  0.030 0.050  ---

Total Variable Costs 0.269 0.366 1.09

•License Costs:
Alaska Motor Vehicles Dept.

•Insurance: New Cost New Cost-35,000 New Cost-96,000
Butch Stein, Alaska 100 Salvage value 1,750

•Repairs: Tires: Alaska Sales Gene Javette, K&W Trucking
U.S.D.O.T. formula and 6 0 200.00 in Anchorage
local interviews * 40,000 mile

♦Gasoline: Tires:
Price/Gal: + MPG 10 @ 200.00

* 40,000



Figure 12

Formulas Used to Determine Grain Transport Costs

Fixed Costs/Per Bushel:

Fixed Costs x Number of Trucks 
Total Harvest

Variable Costs/Per Bushel:

Variable Costs x Trip Miles 
Bushels Per One Trip

Trips Possible:

Hours in Workday * Speed + Minutes (Loading and Unloading)

Labor Costs/Per Bushel:

12.50 x Hours in Workday 
Bushels Hauled/Per Day

Home storaqe costs were adjusted for inflation in the following'manner:

Cost in 1976 (Washington State) = 8 <t/Bu
xl.61 (rate of inflation 1976 - 1980)

12.88<t/Bu or approximately 13tf/Bu in 1980
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f a rm e r .  I t  was a l s o  de te rm ined  t h a t  use o f  the  5 ton  t r u c k  unde r  Scheme 
I was the  most c o s t  e f f e c t i v e  v e h i c l e ,  p a r t i c u l a r l y  when the  f a rm e r s '  l a b o r  
r e p l a c e d  h i r e d  l a b o r .

Scheme I examined th e  c o s t s  i n v o l v e d  in  h a u l i n g  g r a i n  d i r e c t ,  f a rm  t o  
e l e v a t o r .  C o s t s  were de te rm ined  f o r  d i s t a n c e s  o f  1 4 ,  18 ,  22 and 26 m i l e s .  
C o s t s  o f  commerc ia l  t r u c k i n g  were  found  t o  be c om p e t i t i v e  and were much 
l ow e r  than c o s t s  i n v o l v e d  in  h i r i n g  a d r i v e r .  With the  f l e x i b i l i t y  o f  
home s t o r a g e  and the  o p t i o n s  o f  commerc ia l  h a u l i n g ,  f a rm e r s  l a b o r ,  o r  
h i r e d  l a b o r ;  t h i s  scheme o f f e r s  the  most  econom ica l  and c o s t  e f f e c t i v e  
method in  t r a n s p o r t i n g  g r a i n  f r om  the  f a rm  t o  the  m a r k e t .  T ab le  I
p r e s e n t s  the  r e s u l t s  o f  a n a l y s i s  unde r  Scheme I .

Scheme I I  i n c l u d e d  a t r a n s f e r  p o i n t  i n  the  m idd le  o f  the  p r o j e c t .  In t h i s
i n s t a n c e ,  c o s t s  were de te rm ined  f o r  the  2 . 5  and 5 t on  t r u c k s  f o r  d i s t a n c e s
o f  1 ,  3 ,  5 and 7 m i l e s  f r om  the  t r a n s f e r  p o i n t .  From t h a t  p o i n t ,  the  g r a i n  
wou ld have t o  be t r a n s p o r t e d  19 m i l e s  t o  the  r a i l h e a d  in  Nenana. I t  was 
d e te rm ined  t h a t ,  a t  l e a s t  i n i t i a l l y ,  commerc ia l  t r u c k i n g  would be more 
c o s t  e f f e c t i v e  f o r  the  19 m i l e  h a u l .  I f ,  in  the  f u t u r e ,  c o o p e r a t i v e l y  
owned t r u c k s  c o u l d  be u t i l i z e d  f o r  a c t i v i t i e s  o t h e r  than g r a i n  h a u l i n g ;  
f i x e d  c o s t s  a s s ig n ed  t o  t h a t  pu rpose  c ou ld  be s i g n i f i c a n t l y  reduced .  O ve r ­
a l l ,  Scheme I I  had drawbacks c au s ing  i t s  h i g h e r  c o s t s .  The t r a n s f e r  
p o i n t  o f f e r s  no r e a l  advan tage  t o  a f a rm e r  w i th  home s t o r a g e  as t r a n s p o r ­
t a t i o n  c o s t s  d i r e c t  t o  Nenana a r e  s t i l l  l e s s  a f t e r  pay ing  the  a d d i t i o n a l  
t r a n s p o r t  c o s t s  and main e l e v a t o r  h a n d l i n g  f e e s .  T ab le  J p r e s e n t s  
the r e s u l t s  o f  a n a l y s i s  under  Scheme I I .

Scheme I I I  was b a s i c a l l y  the  same as  Scheme I I  but i n  t h i s  i n s t a n c e ,  t h e r e  
was no home s t o r a g e .  W i thou t  home s t o r a g e  s e v e r a l  c o n s t r a i n t s  a r e  p l a c ed  
on the  f a rm e r .  Assuming a combine o p e r a t i n g  10 hou rs  p e r  day ,  4 , 0 0 0  
b u sh e l s  o f  g r a i n  c ou ld  be made a v a i l a b l e  f o r  t r a n s p o r t .  Th is  g r a i n  would 
have t o  be t r a n s p o r t e d  t o  e i t h e r  the  t r a n s f e r  s i t e  o r  the  main e l e v a t o r  
in  Nenana. The f a rm e r  would n o t  be a b l e  t o  t a k e  advan tage  o f  any p r i c e  
f l u c t u a t i o n s  and would most l i k e l y  have t o  h i r e  l a b o r .  The r e s u l t s  o f  
a n a l y s i s  under  Scheme I I I  a r e  p r e s en t e d  in  Tab le  K.

Scheme IV assumed no home s t o r a g e  and no t r a n s f e r  s i t e .  Linder t h e se  con­
d i t i o n s  two 2 . 5  ton t r u c k s  would be r e q u i r e d  t o  hand le  the  d a i l y  h a r v e s t .


