






Supplemental Information concerning Navigability of the Gila River 

by 

T. Allen J. Gookin,  P.E., R.L.S., P.H., S.W.R.S. 

 

In my testimony there were several points where the questions and/or my answers require follow up.  
These are discussed below.  Several documents are also disclosed. 

Pinkerton Report on Canoeing.  As pointed out at page 789 of my cross-examination I had mixed up 
canoe depth with required water depth.  As a result of that mistake the estimated of required water 
depth to float the canoe according to the Pinkerton Report should be about 8 inches less than indicated 
in my report.  This is assuming a 6" freeboard plus the Army Corps Engineers.  However, even with 
modern canoes, two feet of depth is required for paddling.  (Cortell, Vol 1 pg 14).  Further, the overall 
ability to canoe improves "markedly" above two feet. (Cortell, Vol 1 pg 23).  

Manning's "n”.  In my testimony at page 765, based upon my disclosure, I indicated that the Manning's 
"n" should have been 0.022 instead of 0.020.  Attached is the new table V-3 showing the proper 
elevations for that correction.  In rereading the Simons and Li Report I realize that the 0.020 is probably 
the more accurate value for the low flows and would transition to 0.022 as ordinary flow increases.  
Exactly when that transition would occur would require too many unknown variables to realistically 
calculate.  Although I now understand why I used 0.020, it is more conservative to use the 0.022 value. 

Rating Curve.   Two issues were brought up concerning my use of the rating curve.  One related to 
whether or not I had included the data from 1915.  The second concerned my decision not to split the 
data into two sets to conform to the Measurement numbers restarting from 1 in the data set acquired 
from the USGS.  Concerning the data from 1915, I did not include the data, due to the 1915 flood events 
that I reference in chapter II.  I failed to correct the year listed at page 11 of chapter V.   Concerning the 
issue of starting a new rating curve, I chose not to due to the short period of record (i.e. between the 
beginning of the measurements and the first major flood afterwards).  However, I did redo the plot 
showing both curves.  These are contained in this disclosure.   

Beaver.  At pages 973-975, I was requested to provide references concerning beaver dams.  The ANSAC 
website under the San Pedro River exhibits contains two versions of Exhibit 8.  The second version has 
my Appendices attached.  The quotations are in Appendix A beginning at page 9.  The full citations for 
those quotations are in Appendix B.  In most cases the website is provided or another easy means of 
acquisition is referenced. Sources that were more difficult to acquire are included in the second Exhibit 8 
after Appendix C. 



Chapter V Footnote 27.  At page 996 of my testimony, I was requested to verify the source for footnote 
27 of chapter V in my Report.  The reference should have been to the 1993 Fuller Report on the San 
Pedro River (Old Exhibit 016SanPedro.pdf) at pages 5-8 and 5-9. 

Canoes.  Included are several documents relating to boats and canoes and some of the changes that 
have occurred over time. 

Cross-Sections.  Included are the portions of the maps relating to the two cross-sections I used in my 
Reach 6 analysis. 



For Manning's "n"=.022

Summary

Below 

Kelvin

Above 

confluence Units

Mean Flow 755 637 CFS

Depth 0.73 0.97** Feet

Velocity 1.27 1.17** Ft/Sec

Median Flow 345 193 CFS

Depth 0.57 0.76 Feet

Velocity 0.95 0.72 Ft/Sec

Low Flow 175 23* CFS

Depth 0.45 0.26 Feet

Velocity 0.73 0.33 Ft/Sec

*Flow is questionable (See Text)

** Initial run had not closed properly.

Figure V‐3
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David H. DeJong 
 
David H. DeJong earned a Ph.D. in American Indian policy studies from the University of 
Arizona. He is has been the Director of the PIma-Maricopa Irrigation Project for nine years 
and has written extensively on the Gila River Indian Community water rights settlement history 
and implementation, including the publication of Forced to Abandon Our Fields (University of 
Utah Press), which was the first runner up for the 2012 Wallace Stegner Award.  He has 
authored four other books, including Plagues, Politics and Policy: A Chronicle of the Indian 
Health Service, 1955-2008 (Lexington Press, 2010); Stealing the Gila: The Pima Agricultural 
Economy and Water Deprivation, 1848-1921 (University of Arizona Press, 2009); The Indian 
Medical Service: A Chronicle of Indian Health Care, 1908-1955 (Lexington Press, 2008); and 
Promises of the Past: A History of Indian Education in the United States (Boulder, Colorado: 
North American Press, 1993). He has published over two dozen journal articles. In the spring of 
2015 his sixth book, American Indian Treaties: A Guide American Indian Treaties and Treaty-
Making: 1607-1911, will be published by the University of Utah Press. 
 
Publications             
 

“American Indian Treaties: A Guide American Indian Treaties and Treaty-Making: 1607-1911 (University 
of Utah Press, 2015). 

 
“Down to the Gila: A. J. Chandler’s Desert Land Scheme and the Gila River Indian Reservation, 1891-
1911,” American Indian Culture and Research Journal 38:3 (2014). 
  

 Navigating the Agricultural Maze: The Gila River Indian Community Water Settlement Act of 2004 and 
Administrative Challenges (American Indian Quarterly 38:1 Winter 2014). 
 
 “Forced to Abandon Our Fields” The 1914 Clay Southworth Gila River Pima Interviews (University of 
Utah Press, 2011). 
 
Plagues, Politics and Policy: A Chronicle of the Indian Health Service, 1955-2008. (Lanham, Maryland: 
Lexington Press, 2010) 

  
  “Left High and Dry”: Federal Land Policies and Pima Agriculture, 1860-1910, American Indian 

Culture and Research Journal (33:1) spring 2009. 
 

 Stealing the Gila: The Pima Agricultural Economy and Water Deprivation, 1848-1921 (University of 
Arizona Press, 2009). 
  
Choosing the Red Road: Family Legacy, Leadership and Vine Deloria Jr. (Red Ink, Spring 2008) 
 
The Indian Medical Service: A Chronicle of Indian Health Care, 1908-1955 (Lanham, Maryland: 
Lexington Press, 2008) 
 
The Granary of Arizona: Civil War, Settlers and Pima-Maricopa Agriculture: 1860-1869 Journal of Arizona 
History, (48:3) fall 2007. 
 
The Sword of Damocles? The Gila River Indian Community Water Settlement Act in Historical Perspective, 
Wicazo Sa Review (22:2) fall 2007. 
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Vine Deloria Jr., Encyclopedia of American Indian History (Santa Barbara, CA: ABC-CLIO, 2007), pp. 
709-712. 
 
Abandoned Little by Little: The 1914 Pima Indian Adjudication Survey, Water Deprivation and Farming on 
the Pima Reservation Agricultural History (81:1) Winter 2007. 
 
Unless They are Kept Alive: Federal-Indian Boarding Schools and Student Health, 1890-1917 American 
Indian Quarterly (31:2) spring 2007 
 
Advantageous to the Indians? The Overland Mail Routes and the Establishment of the Pima (Arizona) Indian 
Reservation: 1852-1860 Journal of the West (45:3) Summer 2006. 
 
Good Samaritans of the Desert: The Pima and Maricopa Villages and the California Emigrants, 1846-
1852 Journal of the Southwest (47:3) Autumn 2005. 
 
None Excel Them in Virtue and Honesty: Ecclesiastical and Military Descriptions of the Gila River Pima, 
1694-1848, American Indian Quarterly (29:1) Spring 2005. 
 
Forced to Abandon their Farms: Water Deprivation and Starvation among the Gila River Pima, 1892-
1904, American Indian Culture and Research Journal (28:3) Winter 2004. 
 
Fire Warriors: American Indian Firefighters in the Southwest, Journal of Forest History (spring/fall 
2004) 
 
An Equal Chance? The Pima Indians and the Florence-Casa Grande Project, 1916-1924 Journal of 
Arizona History, (45:1) Spring 2004 
 
A Scheme to Rob Them of Their Land? Water, Allotment and the Economic Integration of the Pima 
Reservation, 1902-1921 Journal of Arizona History, (44:2) Summer 2003 
 
Immersion—Is It The Answer? Journal of American Indian Education (Fall, 1998) 
 
Promises of the Past: A History of Indian Education in the United States (Boulder, Colorado: North 
American Press, 1993) 
 
See the New Country: The Removal Controversy and Pima and Maricopa Water Rights, 1869-1879 
Journal of Arizona History, (33:4) Winter 1992 
 
Urbanization and Non-Reservation Populations, in Duane Champlain, ed., Almanac of North American 
Indians (Gale Research, 1992) 

 
 
Book Reviews             
 

At the Border of Empires: The Tohono O’odham, Gender, and Assimilation, 1880-1934, By Andrae M. 
Marak and Laura Tuennerman. Tucson: University of Arizona Press, 2013. Western Historical Quarterly 
45 (spring 2014). 
 
Last Water on the Devil’s Highway: A Cultural and Natural History of Tinajas Altas, By Bill Broyles, 
Gayle Harrison Hartmann, Thomas E. Sheridan, Gary Paul Nabhan, and Mary Charlotte Thurtle. The 
Southwest Center Series (Tucson: University of Arizona Press, 2012. New Mexico Journal of History 
(fall 2013). 
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Negotiating Tribal Water Rights: Fulfilling Promises in the Arid West, By Bonnie G. Colby, John E. 
Thorson and Sarah Britton. Tucson: University of Arizona Press, 2005. Journal of Arizona History (47:3) 
autumn 2006. 
 
Tribal Water Rights: Essays in Contemporary Law, Policy, and Economics. Edited by John E. Thorson, 
Sarah Britton, and Bonnie G. Colby. Tucson: University of Arizona Press, 2006. Journal of Arizona 
History (48:3) autumn 2007. 
 

 The Yuma Reclamation Project: Irrigation, Indian Allotment, and Settlement Along the Lower Colorado 
River, by Robert A. Sauder. Reno: University of Nevada Press, 2009. Western Historical Quarterly, 
Winter 2010). 

 
Urban Indians in Phoenix Schools, by Stephen Kent Amerman: University of Nebraska Press, 2010. 
Journal of Arizona History, Winter 2011). 
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304 F.2d 23
United States Court of Appeals Tenth Circuit.

STATE OF UTAH; George D. Fehr; Earl E.
Fehr; Joe Lyon, Jr.; and United Western

Minerals Company, a corporation, Appellants,
v.

UNITED STATES of America, Appellee.

No. 6677.  | May 10, 1962.

Action by United States to quiet title to river bed. The United
States District Court for the District of Utah, Willis W.
Ritter, J., entered judgment quieting title in the United States,
and the state in which the river bed was situated and other
aggrieved parties appealed. The Court of Appeals, Bratton,
Circuit Judge, held that evidence supported finding that 55-
mile portion of San Juan River within State of Utah was not
navigable at time of Utah's admission to union.

Judgment affirmed.

West Headnotes (12)

[1] Water Law
Rights incident to state's admission to

Union in general

Titles to beds of rivers within state, if navigable,
pass to state on admission to union.

1 Cases that cite this headnote

[2] Water Law
Rights to bed in general

Title to bed of river not navigable at time of
state's admission to union remains in United
States.

Cases that cite this headnote

[3] Water Law
Susceptibility of waters for use in

commerce in general

Test for determining question of navigability
of river is whether stream in its natural and

ordinary condition is used or susceptible of being
used as channel for commerce over which trade
and travel is conducted or may be conducted in
customary modes on water.

Cases that cite this headnote

[4] Water Law
Susceptibility of waters for use in

commerce in general

Navigability does not depend upon mode or
modes by which trade and travel is conducted
upon stream, but upon whether stream in its
natural condition is one which affords channel
for useful commerce.

Cases that cite this headnote

[5] Water Law
Effect of sandbars, falls, or other

obstructions or impediments to navigation

Navigability is not negatived or destroyed
merely because of watercourse interruption
caused by occasional natural obstructions or
portages, and it is not essential to navigability
that stream be open to navigation at all seasons
of year or at all stages of water.

1 Cases that cite this headnote

[6] Water Law
Evidence as to navigability

Evidence supported finding that 55 mile portion
of San Juan River within State of Utah was not
navigable at time of Utah's admission to union.

1 Cases that cite this headnote

[7] Federal Civil Procedure
Nature and Purpose

Purpose of rule requiring court, in action tried
upon facts without jury, to state facts specially,
is to aid appellate court in acquiring clear
understanding of basis of decision of trial court.
Fed.Rules Civ.Proc. rule 52(a), 28 U.S.C.A.

4 Cases that cite this headnote

http://www.westlaw.com/Browse/Home/KeyNumber/405/View.html?docGuid=I6ac93edd8f1111d9bc61beebb95be672&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.Search)
http://www.westlaw.com/Browse/Home/KeyNumber/405k2649/View.html?docGuid=I6ac93edd8f1111d9bc61beebb95be672&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.Search)
http://www.westlaw.com/Browse/Home/KeyNumber/405k2649/View.html?docGuid=I6ac93edd8f1111d9bc61beebb95be672&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.Search)
http://www.westlaw.com/Link/RelatedInformation/DocHeadnoteLink?docGuid=I6ac93edd8f1111d9bc61beebb95be672&headnoteId=196211491052220140129013002&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=CitingReferences&contextData=(sc.Search)
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[8] Federal Civil Procedure
Sufficiency

Findings of district court relative to navigability
of portion of river within state sufficiently
complied with rule requiring court, in action tried
without jury, to state facts specially. Fed.Rules
Civ.Proc. rule 52(a), 28 U.S.C.A.

Cases that cite this headnote

[9] States
Costs

In absence of authorizing constitutional or
statutory provision, state court may not tax costs
against state.

1 Cases that cite this headnote

[10] States
Costs

State was not immune from taxation of costs in
action by United States in United States District
Court against state and others to quiet title to
river bed located within state.

Cases that cite this headnote

[11] Costs
Discretion of Court

Federal Courts
Costs and attorney fees

Except as otherwise provided by statute, taxing
of costs rests in sound judicial discretion of trial
court, and exercise of such discretion will not be
disturbed on appeal except in case of abuse.

6 Cases that cite this headnote

[12] Federal Civil Procedure
Result of Litigation

In action by United States against state
and persons asserting mineral interests in
river bed, to quiet title to such river bed
in United States, taxation of costs against
persons asserting mineral interests, who had
unsuccessfully counterclaimed for judgment

quieting their title to such interests, was not
abuse of discretion.

1 Cases that cite this headnote

Attorneys and Law Firms

*24  Grant H. Bagley, Salt Lake City, Utah (Walter L.
Budge, Atty. Gen., State of Utah, Clifford L. Ashton, and Van
Cott, Bagley, Cornwall & McCarthy, Salt Lake City, Utah,
were with him on the brief), for appellants.

Parker M. Neilsen, Asst. U.S. Atty. (Ramsey Clark, Asst.
Atty. Gen., William T. Thurman, U.S. Atty., C. Nelson Day,
Asst. U.S. Atty., Roger P. Marquis, and A. Donald Mileur,
Attorneys, Department of Justice, Washington, D.C., were
with him on the brief), for appellee.

Before BRATTON, HUXMAN, and BREITENSTEIN,
Circuit Judges.

Opinion

BRATTON, Circuit Judge.

In United States v. Utah, 283 U.S. 64, 51 S.Ct. 438, 75 L.Ed.
844, sometimes hereinafter referred to as the earlier case, it
was determined that the San Juan River from the mouth of
Chinle Creek downstream to its confluence with the Colorado
River, a distance of 133 miles, was non-navigable at the date
of the admission of Utah to the Union on January 4, 1896.
That case was decided in 1931.

In 1959, the United States instituted in the United States
Court for Utah this action to quiet title in the United States
to the land constituting the bed of the San Juan River in
Utah from the boundary line between Colorado and Utah
downstream to the mouth of Chinle Creek, a distance of
approximately 55 miles, subject to rights of third parties
not having pertinency here. Utah, George D. Fehr, Earl E.
Fehr, Joe Lyon, Jr. and United Western Minerals Company,
a corporation, were joined as parties defendant. By answer,
Utah asserted ownership of such land, subject only to mineral
leases which it had executed to the defendants George D.
Fehr and Joe Lyon, Jr.; and by counterclaim it sought to
have its title thereto quieted. By answer, the defendants,
George D. Fehr, Earl E. Fehr, Joe Lyon, Jr. and United
Western Minerals Company, asserted interests in the land
under mineral leases issued by Utah; and by counterclaim,
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they sought to have such interests quieted. A stipulation was
filed in the case in which it was agreed that the first issue
to be determined was whether the segment of the river in
question was navigable at the time Utah was admitted into the
Union. It was further agreed that if it was determined that the
river between such points was not navigable at that time, no
other issues remained in the case. And it was further agreed
that if it was determined that the river *25  between such
points, or any significant part thereof, was navigable on such
date, certain other issues would emerge for consideration. A
pretrial order was entered that there would first be a trial and
determination of the question of navigability of the stream
between the two points mentioned. The case was tried upon
the sole issue of navigability. The court found and determined
that no significant part of the river between the two points
was navigable at the time Utah was admitted into the Union.
Judgment was entered quieting title in the United States, and
the appeal is from that judgment.
[1]  [2]  Title to the land constituting the bed of the San Juan

River within Utah passed to the State when it was admitted
to the Union if the river was then navigable; and if it was not
navigable, title remained in the United States. United States
v. Utah, supra.

[3]  [4]  [5]  While applying the rule sometimes presents
difficulty, it has been held without deviation over a long
period of time that the test for determining the question of
navigability of a river is whether the stream in its natural
and ordinary condition is used or is susceptible of being used
as a channel for commerce over which trade and travel is
conducted or may be conducted in the customary modes on
water. The Daniel Ball, 10 Wall. 557, 563, 19 L.Ed. 999; The
Montello, 20 Wall. 430, 22 L.Ed. 391; United States v. Rio
Grande Dam and Irrigation Co., 174 U.S. 690, 698, 19 S.Ct.
770, 43 L.Ed. 1136; United States v. Cress, 243 U.S. 316,
37 S.Ct. 380, 61 L.Ed. 746; Economy Light & Power Co.
v. United States, 256 U.S. 113, 121, 41 S.Ct. 409, 65 L.Ed.
847; Oklahoma v. Texas, 258 U.S. 574, 586, 42 S.Ct. 406,
66 L.Ed. 771; Brewer-Elliott Oil & Gas Co. v. United States,
260 U.S. 77, 86, 43 S.Ct. 60, 67 L.Ed. 140; United States
v. Holt State Bank, 270 U.S. 49, 56, 46 S.Ct. 197, 70 L.Ed.
465; United States v. Utah, supra; United States v. Oregon,
295 U.S. 1, 14, 55 S.Ct. 610, 79 L.Ed. 1267; United States
v. Appalachian Electric Power Co., 311 U.S. 377, 406, 61
S.Ct. 291, 85 L.Ed. 243. Navigability does not depend upon
the mode or modes by which trade and travel is conducted
upon the stream, but upon whether the stream in its natural
condition is one which affords a channel for useful commerce.
Brewer Oil Co. v. United States, supra. And navigability, in

the sense of law, is not negatived or destroyed merely because
of watercourse interruption caused by occasional natural
obstructions or portages. Neither is it essential to navigability
that the stream be open to navigation at all seasons of the year,
or at all stages of the water. Economy Light & Power Co. v.
United States, supra; United States v. Appalachian Electric
Power Co., supra. But the general rule which emerges clearly
from these cases considered collectively is that in order to be
navigable in fact and in law, a river in its natural and ordinary
condition must be used or be susceptible of use as a channel
for commerce in one or more of the customary modes of trade
and travel by water.

[6]  The substance of the major attack upon the judgment is
that, tested by the general rule for determining navigability
of a stream, there was insufficient basis of fact for the
finding and determination that the San Juan River in the
area in question was not navigable at the time Utah was
admitted into the Union. The trial was extended and the
evidence was voluminous. Some of the witnesses were aged
persons with personal knowledge of parts of the stream area
in question in the late years of the last century and the
early years of the present century; and the testimony given
by some witnesses at the trial of the earlier case with like
knowledge was read in evidence. In general, the testimony
of such witnesses concerning the river related to volume,
flow, width, depth, irregularity, floods, dry periods, sediment
content, quick-sand, sand bars, sand *26  waves, shifts in
channel, braided channel, freezes, use of boats, ferrying in
going to and from trading posts, crossing on foot, crossing
on horseback, crossing in wagons, driving animals across,
and other activities. Films were exhibited. Expert witnesses
testified, including persons with experience as pilots of river
craft. And reports, records, and documents were placed in
the record. According to these various types of evidence the
weight to which it thought they were appropriately entitled,
the court made these findings, among others. Except as noted
in the findings, the river in the area in question has not
changed its general characteristics since 1879. The river is
unstable. It flows through a broad, sandy, flood plain which is
from 1,000 to 5,000 feet wide and which is encased between
rocky cliffs or steep slopes. The average slope of the river
exceeds seven feet per mile. The river is exceedingly irregular
in flow. By reason of the flat and sandy nature of the flood
plain, the irregularity in flow, and the rate of fall, the river is
constantly shifting its channels. It runs in a single channel for
only a short distance and generally has braided channels. For
most of the time and most of the distance in question, it runs
in from two to many channels at the same time; and none of
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such channels presents an adequate or continuous channel for
the passage of boats. The flow is generally low for most of
the months in the year. On more than one occasion when the
river ran dry, fish died in pools; and Indians found it necessary
to dig in the river bed to secure water for themselves and
their animals. Indians crossed the river frequently, usually on
foot or on horseback; but they made and used small boats
for ferrying purposes in going to and returning from trading
posts. There was a gold rush along the river in about 1892
and 1893. Several hundred prospectors came into the country
in search of gold. Most of them went along the stream to
the point or points of activities by horseback, by burro, or
by wagon; and most of their supplies were taken there in
that manner. A few of the prospectors went downstream
in small rowboats constructed locally and took with them
small amounts of supplies, bedrolls, and equipment. None
of them came upstream in boats. The record as a whole
makes it clear that the court in its grapple with the ultimate
question of navigability was sensitive to the general rule for
determining the question; and that in reaching its conclusion
upon the question, the court gave consideration to the several
factors which threw light upon the question. The findings
are adequately supported by the evidence and are not plainly
wrong, due consideration being given to the opportunity of
the court to observe the witnesses, to weigh their credibility,
and to weigh their testimony, particularly the recollections
of aged persons relating to long-past conditions and events.
In United States v.Appalachian Electric Power Co., supra, it
was stated that in some cases involving the navigability of a
water course, the court entered into consideration of the facts
found below to determine for itself whether the proper legal
tests had been applied to the facts found. We have exercised
that function in this case. We think the trial court applied
the proper legal tests to the facts found; and moreover, we
share with the trial court the view that the part of the river
in question was in fact and in law non-navigable at the time
Utah was admitted into the Union.

[7]  [8]  The findings of fact are challenged on the ground
that they fail to meet the requirements of Federal Rule
of Civil Procedure 52(a), 28 U.S.C., which provides in
presently pertinent part that in actions tried upon the facts
without a jury, the court shall state the facts specially. It

is argued that the findings consist of elaborate dissertations
upon various isolated bits of evidence, erroneous statements
of other items of evidence, exaggerated descriptions of
events, contortions of various incidents, and inaccurate and
misleading comparisons sons of the San Juan River with
other  *27  rivers; and that they fail to disclose how the court
arrived at its decision. The intended purpose of the rule is
to aid the appellate court in acquiring a clear understanding
of the basis of the decision of the trial court. Tulsa City
Lines v. Mains, 10 Cir., 107 F.2d 377; United States v.
Horsfall, 10 Cir., 270 F.2d 107. We think the findings meet
the requirements of the rule and therefore are not open to the
criticism directed against them.

[9]  [10]  [11]  [12]  Complaint is made that the court
erred in taxing costs against Utah. It is argued that being a
sovereign state, Utah was immunized from liability for costs.
It is the general rule that in the absence of an authorizing
constitutional or statutory provision, a state court may not tax
costs against the State. But this case was not in a state court.
It was in the United States Court for Utah. Utah was a party
litigant as a defendant and as a cross-complainant. The court
had jurisdiction of the cause and of the parties. The incidents
of the hearing in the exercise of the jurisdiction of the court
included power to tax costs. And in such circumstances,
the attributes of sovereignty did not immunize the State
against the taxing of costs against it. Fairmont Creamery
Co. v. Minnesota, 275 U.S. 70, 48 S.Ct. 97, 72 L.Ed. 168.
And it is further argued that the other defendants were not
necessary parties to the litigation and therefore costs should
not have been taxed against them. These parties asserted
mineral interests in the lands in the river bed, and they
sought judgment quieting their title to such interests. Except
as otherwise provided by statute, the taxing of costs rests in
the sound judicial discretion of the trial court, and the exercise
of such discretion will not be disturbed on appeal except in
case of abuse. Crutcher v. Joyce, 10 Cir., 146 F.2d 518; T.
& M. Transportation Co. v. S. W. Shattuck Chemical Co., 10
Cir., 158 F.2d 909; Euler v. Waller, 10 Cir., 295 F.2d 765.
There was no abuse of discretion in this instance.

The judgment is affirmed.
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Buying the right canoe is a hard decision.  If you are a first time purchaser, the task can be quite 
confusing.  Canoes come in a variety of materials, sizes, weights, and they all have unique purposes.  
The first time buyer will also be quick to discover that the cost of all of the accessory equipment may 
equal that of the canoe!

Buying the right canoe for your needs can be made a little easier if you know the right questions to 
ask.  A little education before visiting your outfitters to select your canoe (and the OutdoorPlaces.Com 
e-Store for your gear) will go a long way and could potential save you thousands of dollars by 
avoiding making the wrong choice in your canoe and/or gear.

 Materials

Canoes are made from a variety of materials and they all have their separate merits.  While one 
material may excel in whitewater conditions, another may be a better choice for flat water touring.  
The material used to make a canoe has tremendous impact on the cost.  Recently, due to the weak 
Canadian dollar to the US dollar, American's are enjoying incredible pricing on materials that would 
be out of reach under less than ideal economic times.
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Aluminum and Aluminum Alloy:  Once the standard for the middle-of-the-line canoe, aluminum has 
been taking a back seat to all of the new resin and synthetic materials on the market today.  True 
aluminum is about the heaviest material you can get in a canoe.  It is tough, durable, and will take 
being dragged over the bottom very well.  It does not have a gel coat or polyethylene skin that makes 
it subject to abrasion.  The outer hull is not subject to fading or degradation from long term exposure 
to sunlight, and extremes of hot and cold do not effect the material.

On the other hand aluminum does not have a memory and will dent if it takes a hard hit.  Aluminum is 
"sticky," that is it will tend to grab if it hits an underwater object which can be big trouble when in 
whitewater.  The heavy weight makes the canoe difficult to maneuver for an amateur paddler, and 
even more difficult to portage (carry on your back).  If aluminum is punctured from hitting a rock, it is 
very difficult to repair and the evidence of the repair will be impossible to hide.  Aluminum canoes 
usual require buoyancy chambers to assist in keeping it afloat.

Aluminum canoes are idea for flat water, especially lake front property where the canoe will be stored 
outside year round and used for casual paddling and flat water excursions.  If you plan to do 
whitewater or be in a very rocky environment, aluminum is probably not your best choice.  If you plan 
to do any kind of touring, you should probably stay away from aluminum due to it's weight for portage.

Aluminum alloy canoes are thinner, lighter, and stronger than true aluminum.  Some alloy constructed 
canoes can be lighter than their synthetic cousins.  If you are evaluating an aluminum alloy boat, 
make sure to ask a lot of questions.  If you plan to use your boat for portage and touring, you will 
probably want to test out an alloy boat to make sure their claims of lightness are true.  Not all alloy 
boats are created equally and when considering a  aluminum canoe you need to be 
careful.

Polyethylene:  Polyethylene is the same material used to make bleach, milk, and other plastic bottles 
we use every day.  It is very flexible, yet durable, and has a memory, that is, if it is flexed, it will return 
back to it's original shape.  Two of the most popular polyethylene models on the market today are 
made by Coleman™, branded under the Ram-X™ name, and by Old Town Canoe™ branded under 
the CrossLink 3™ name and used in their Discovery™ series.

The problem with polyethylene is that is very flexible, imagine walking on a suspended floor made out 
of bleach bottle material!  Coleman™ overcame this problem by creating a frame work of aluminum to 
form a keel, ribs, gunwales, and cross braces to stiffen the canoe.  Factors including a low price point, 
do-it-yourself assembly, strong brand recognition, and broad distribution has made this the number 
one selling canoe.  Polyethylene is flexible, and takes to smoothed dings very well.  However, it is 
relatively soft, and branches, rocks, and sharp edges tend to cut the material.  The material is not 
naturally buoyant, and most true poly canoes have buoyancy chambers.  Abrasion is the number one 
cause of death for a polyethylene canoe.  Polyethylene is relatively easy to repair, but due to it's 
relatively low cost, most canoes damaged to that point are usual disposed of and replaced.

Old Town Canoe™ came up with a different solution for Polyethylene.  By taking two layers of 
polyethylene and sandwiching a 3/8" thick layer of polyethylene foam they created a material called 
CrossLink 3™.  The resulting material had almost all of the positive qualities of Royalex, it is naturally 
buoyant due to the foam core, yet is more resistant to abrasion then straight polyethylene.  The 
resulting product line was called Discovery™ and the line still sells today.  Due to the stiffness of the 
foam core, the Old Town Canoe™ does not require a framework of keel, ribs, and supports.  Also 
because it has a foam core, the canoe is naturally buoyant, leaving the bow and stern section of the 
canoe open for storage.

Polyethylene canoes as a class are lighter than  true aluminum (alloy can be lighter than 
polyethylene), and in some cases even lighter than a poorly designed fiberglass canoe.  However 
long term portage of a polyethylene canoe will test the endurance of any paddler.

Polyethylene canoes made from solid material like Ram-X™ are good for flat water, and Class I and 
II- rivers that do not have jagged rocks, and numerous strainers that could lance the hull of the 
canoe.   Composite foam core materials like CrossLink3™ are also good for flat water, but will 
withstand Class I, II-, II+, and III water much better and are more cut and abrasion resistant.

More canoe materials...

Paddling Base Camp Next Page

lightweight
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Royalex and Royalite
Kevlar

Fiberglass
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Canoe Glossary

Canoe Resource Page

Royalex:  Royalex is made out of layered ABS plastic (bowling balls are made from ABS plastic)  with 
a 1/2" foam core.  Some canoes are made with as many as fourteen layers, while others only have a 
few.  The outer-hull should have a vinyl coating to protect the ABS, which is very sensitive to the suns 
UV rays.  Knowing this you need to ask how many layers of ABS are in Royalex, as not all canoes in 
this category are created equal.

Royalite, which is a sub-set of Royalex is probably the material of choice today for a middle of the line 
canoe.  , extremely durable, and extremely slippery, it is an ideal material for whitewater 
running.  Because it has a foam core, it is natural buoyant, and because it is multiple layers of 
material it is very rigid yet has a strong memory.  If you plan to wrap a canoe around the rocks, this 
should be your material of choice.

Royalex and Royalite is not the perfect material, however.  Because it requires a vinyl skin, dragging 
it across branches and rocks will cause a lot of abrasion on the hull.  Royalex and Royalite does not 
do well to long term sun exposure and will require indoor storage.  The cells in the foam core contract 
and expand, and temperature extremes in storage (above or below "normal" North American 
temperature extremes) can stress the material.  Royalex and Royalite is more difficult to repair if the 
hull is breeched then polyethylene, but damage to the hull of that extent is less likely.

Royalex is best the best all around material whether your plans are flat water, to extreme whitewater 
conditions.  Royalite in particular is very lightweight, and can be half the weight of an equal sized 
polyethylene canoe making it ideal for portage.  If you plan to use a canoe with only limited frequency 
and want to store it outside, you might be better off considering aluminum or an alloy canoe.

Kevlar:  Kevlar was made famous by it's application in bullet proof vests.  Extremely light weight and 
extremely durable, Kevlar is an excellent choice if you plan to operate in more extreme conditions.  It 
is even lighter than Royalite, but it can be very expensive.  Some of the best deals on Kevlar canoes 
can be found in Canada, where the US exchange rate plays into the cost of manufacturing.

Kevlar is a weaved material, similar to a cloth fabric, and appears honey-gold in it's raw form.  This 
material weave is soaked in resin, shaped and cured to create the canoe hull.  Kevlar frizzes if it gets 
damaged so the hull should have an outside coating made up of a number of possible materials, 
including fiberglass (also possible weaved in with the Kevlar), composites, polyethylene, and resin gel 
coat.  Some manufacturers are taking Kevlar fibers and weaving them with fiberglass, which makes 
for a somewhat heavier but more durable canoe (but still typically lighter than Royalite and almost 1/2 
the weight of full fiberglass).  It is the easiest material to portage being very light weight.  It is also 
very slippery which in part makes it extremely ideal for whitewater.

Lightweight
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Kevlar in it's pure form is not the most ideal material for a canoe.  Although it is very durable and can 
take shock very well, severe shock can crack a hull.  Kevlar is very difficult to repair and the repairs 
are next to impossible to hide.  The gel coat is easily abraded, and exposed Kevlar will shred out in 
fine fibers, next to impossible to repair.  Materials blended with fiberglass are much better for extreme 
whitewater, and Kevlar is the material of choice for extreme paddlers.

Kevlar is very expensive and unless you plan to paddle in Class III+ or above, or plan to do frequent 
and long portages, if you are new to paddling, it is probably a case of over kill.  However, if you can 
get a good Kevlar composite canoe for the cost of a Royalex one, you may do very well to consider 
the bargain that is available today, but be sure to invest in a gel coat repair kit and learn from some 
one who has used a repair kit in the past.

Fiberglass:  Like aluminum, fiberglass has been around a long time as a material for canoes.  The 
fiberglass canoes of twenty and thirty years ago have given way to a whole new breed of materials 
that are integrated with other fibers including Dacron and carbon fiber.  A top of the line fiberglass 
canoe reinforced with Kevlar can be just as durable.

Fiberglass is more difficult to repair, but not as bad as Kevlar or aluminum.  Repairs are easier to hide 
and the canoes tend to be very resistant to abrasion.  S-glass and Gel-coat are the best materials for 
abrasion resistance.  Like Kevlar, composite fiberglass is a good canoe for whitewater while basic 
fiberglass (which can be cheaper than polyethylene) is not.  Fiberglass is not very resistant to shock, 
and a hull slammed up against rocks can crack.  The outer materials are sensitive to sunlight and 
require indoor storage.

Fiberglass composite may be an excellent alternative to Royalex or Kevlar for whitewater.  In it's pure 
form, it is best suited for limited use in flat water.  Weight can vary from manufacturer and the 
composite blend used.  Some fiberglass canoes can weight as much as an !  If you are 
new to buying canoes, fiberglass is a difficult material to decide upon, and has a lot of variables.  Just 
because a canoe is lightweight, does not mean it is high quality.  Make sure to ask a lot of questions 
when considering a fiberglass canoe, and if you plan to whitewater, make sure to get a durable 
composite material.

Wood, Canvas, Cedar Strip, and Birch Bark Canoes:  If money is no object, there can be a lot of 
satisfaction in owning a classic natural material canoe.  Lightweight, wood, canvas, cedar strip, and 
birch bark  like a dream, and will draw a lot of attention where ever you go.  There hulls 
can be damaged very easily, and some designs require buoyancy chambers.  Unless you have a 
trust fund, or have headed up five internet startups that have IPO'ed, you probably are not going to 
take a natural material canoe into whitewater.  These canoes are ideal for flat water touring, and 
nothing can beat paddling in a remote area in a natural material canoe.

Natural material canoes are high maintenance, and do not do well to long term outside exposure.  
They are not the lightest materials (when compared to their very expensive synthetic counterparts), 
nor the most durable.  They can be repaired very easily, but require training or in some cases 
craftsmen to issue repairs.  Natural materials canoes are very expensive, and can cost over $4,000 
US.  Quality manufacturers are typically backlogged in production, as these canoes have to be hand 
built and the skill set required to make these beauties are in short supply.

Deciding on what style of boat...
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aluminum hull

canoes paddle

Page 2 of 3Buying The Right Canoe -- OutdoorPlaces.Com

8/12/2014mhtml:file://C:\Users\T. Allen J. Gookin\Documents\Navigability\Replacement Sources\Buying The R...



Page 3 of 3Buying The Right Canoe -- OutdoorPlaces.Com

8/12/2014mhtml:file://C:\Users\T. Allen J. Gookin\Documents\Navigability\Replacement Sources\Buying The R...



Paddling a Canoe to Success 

By Lawrence Striegel 
Staff Writer 

A GRUMMAN CORP. executive was portaging a heavy wood-

and-canvas canoe in the Adirondacks in 1944 when he 

wondered if the activity might be easier if the vessel were made 

of aluminum. 

 

World War II was drawing to an end and William Hoffman, a 

company vice president, knew that defense contractors would 

be looking to convert their factories for peacetime production. 

As he heaved the old-style canoe around, he figured that 

Grumman could make lighter, sturdier aluminum models with 

the same metal-working expertise it had used to make 

thousands of Hellcat, Tigercat and Bearcat warplanes. 

 

Company heads Leroy Grumman and Jake Swirbul liked the 

idea. Soon, 17-foot-long prototypes were being built in the 

employees' bowling alley in Bethpage. After a successful test in 

the rapids of the Allagash River in Maine, the Grumman canoe 

was launched. A model was displayed in the window of 

Abercrombie & Fitch in Manhattan and in October, 1945, Leroy 

Grumman announced that the company had invented a 13-foot, 

38-pound model that "even a woman can carry." The New York 

Times described it as lighter "than Hiawatha's birchbark vessel 

... and impervious to either porcupines or termites." 

 

The Aluminum Company of America provided a special 

aluminum alloy for the hull -- and an expert, too. Russell 

Bonetcou, a sportsman who years earlier had worked with Alcoa 

on the aluminum canoe idea, joined Grumman on the project. 

 

As Grumman geared up for mass production, Hoffman tapped 

John Achilich, a Grumman tooling engineer, to design larger 

canoes of 15, 17 and 19 feet. Achilich, a lanky 27-year-old, was 

excited about the assignment. As a teen growing up in the 

Bronx, he had built his own wood-and-cloth kayak. And before 

and during his college years at Pratt Institute, he had worked 

as a lifeguard and canoe instructor. 

 

With instructions to keep quiet about the project, he was sent 

to work alone in a remote office in a hangar at Bethpage Plant 

2. Over the course of about a month, Achilich, often working into the night, laid out paper 

on top of long pieces of thin aluminum to draw hull lines. From his designs, hard-wood 

molds would be created over which sheets of aluminum would be "stretched" on presses to 

make each half of the canoe. 

 

Part of Achilich's challenge was to engineer smooth lines that would prevent the aluminum 

from wrinkling during pressing. Eventually the halves would be held together with rivets and 

extrusions at the seams, as well as ribs and seats reaching from side to side. 

Photo 

John Achilich, one of the 
creators of the Grumman 
canoe in 1945, takes his 
fiancée, Olga Baumann, for a 
paddle in a 15-foot model 
recently in Arrowhead Lake in 
Baiting 
Hollow. (Newsday/Daniel 
Goodrich)  

William 
Hoffman, left, was the 
Grumman executive who sold 
the idea of the aluminum 
canoe to Leroy Grumman, the 
company president. (Northrop 
Grumman Corp.)  

Grumman himself showed off 
its buoyant qualities for a 
publicity photo. (Northrop 
Grumman Corp.)  

 



 

"A canoe is a canoe is a canoe," Achilich, now 81 and living in Bethpage, said recently. "The 

important thing about the Grumman canoe was that it was so strong. It had a nice flat 

bottom for stability and had a nice prow." 

 

In a 1976 company book called "The Grumman Story," Hoffman said the corporation 

improved the conventional canoe by adding water-tight compartments at the bow and stern 

so the vessel "would not only remain afloat when swamped, but also support several people 

while awash." 

 

Grumman canoes -- known for the booming sound they make when hitting a dock or rock -- 

became fixtures at summer camps and rental sites on rivers and lakes. They were so 

popular that Grumman built a separate boat manufacturing plant in Marathon, 40 miles 

south of Syracuse, to open up space in Bethpage for Korean War aircraft production in 

1952. 

 

This past winter, Paddler, a national boating magazine, honored Hoffman and Achilich by 

naming them two of 100 "Paddlers of the Century." 

 

"Hoffman and Achilich influenced canoeing in the last half of the twentieth century like few 

others, by introducing light, rugged boats at an easily affordable price," the magazine 

wrote. A Grumman canoe, Paddler publisher and editor Eugene Buchanan said recently, 

could take a beating. "You could put the wife and kids and kitchen sink in the thing and ram 

it into rocks," he said. The public bought thousands. A 1975 brochure cited sales of more 

than 300,000 Grumman canoes in 30 years. Demand peaked in 1974 with sales of 33,000, 

propelled by the 1972 movie "Deliverance" and concerns about fuel consumption during the 

mid-'70s energy crisis. 

 

Grumman through the years expanded into several types of aluminum vessels, including 

square-backed canoes, fishing boats, pontoon boats and hovercraft, and even found a way 

to rig its canoes for sailing. But aluminum canoe sales eventually dropped to perhaps 4,000 

a year as plastic and fiberglass models became popular, according to Kip Towl, a former 

head of Grumman Boats who is now retired in Centerport. 

 

Grumman's boat division was sold in 1990 to Outboard Marine Corp. and then in July, 1996, 

OMC produced its last Grumman-brand canoe. Only a few months later, however, four 

former Grumman and OMC employees and an upstate investor formed Marathon Boat Group 

Inc. and began pressing out canoes again at the old Grumman plant in Marathon. Today's 

17-footer sells for $775, plus shipping, compared with about $205 in 1953, according to 

Greg Harvey, Marathon's sales manager. 

 

"Aluminum is no longer the king, but it has its own market," said Harvey. "We virtually kept 

the canoe from disappearing." 

 

For his part, Achilich was involved in the canoe project at Grumman for only about a year. 

He later worked in engineering for a variety of companies and in research for the U.S. Navy. 

In 1966, he returned to Grumman, where he was in charge of training-equipment facilities 

for the F-14. 

 

In his off hours, he sometimes paddled Grumman canoes with his sons, Steve and Ken, on 

the Delaware River and as a Suffolk County Boy Scout commissioner. Achilich said he never 

spoke much about his role in creating the canoe, although friends filled a Grumman model 

with ice and beverages at his retirement party in 1989. 



 

"It isn't until you're old and white-haired that you think, gee, that was a pretty good thing 

we were doing," he said.  
 



WOODEN CANOE HERITAGE ASSOCIATION

CANVAS FILLER FORMULAS

Canvas filler formulas have been guarded for decades by wood canvas canoe builders all 
over the world. The formulas below have been published or made available in a legal 
manner and not "stolen" or otherwise "borrowed" without permission. If you have 
another formula that is not listed here, please send it in!

One note about filler formulas. The materials that were used in the early 1900's may not 
be the same as materials with the same names today. In addition, canvas is certainly 
different today than it was in 1900, so some of these formulas may not provide the best 
coverage for your money.

Commercially prepared formulas are available from builders in the Online Builders & 
Suppliers Directory. 

• Reprinted from Wooden Canoe #16 (no lead)
◦ 43 ounces boiled linseed oil
◦ 21 ounces mineral spirits
◦ 34 ounces enamel paint
◦ 2 ounces Japan drier
◦ 6 1/4 pounds 300 grit silica
◦ 2 ounces spar varnish

• "Rushton's Filler" - Reprinted from Wooden Canoe #20
◦ 5 pounds silica
◦ 1 1/2 quarts turpentine
◦ 1 quart boiled linseed oil
◦ 1 pint Japan drier
◦ 2 pounds white lead

• Reprinted from Wooden Canoe #31
◦ 1 quart boiled linseed oil
◦ 4 pounds silica
◦ 7 ounces Japan drier
◦ 3 quarts turpentine
◦ 4 pounds white lead

• From Scott E. Marks, picked off the USENET group rec.boats.building by Phil 
Gingrow.
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I can suggest a recipe, the best I remember it from 20 years ago. It was based on 
glaziers putty and floor varnish - we used Hippo Oil brand at the time. Glaziers 
putty is basically clay and linseed oil. We warmed the varnish and mixed 
(kneaded) the putty into it by hand. I honestly don't remember the proportions, but 
we ended up with something like a thick pancake batter. To this we would add 
some japan drier to accelerate drying. This mixture was worked into the nap of the 
canvas by hand, in thin coats. If allowed to dry between coats, it wouldn't build up 
into a single soft thick layer. It would remain flexible, and as many layers were 
applied as were required to fill the canvas. Two coats of orange shellac with light 
sanding between were applied over it prior to painting with enamel paint. This 
recipe originated from someone in the Dwight, Ontario area, who was generous 
enough to teach a few of us to repair and re-canvas the fleet of Chestnut canoes we 
battered on the rocks of Algonquin park.

More from Dom Williams: I used your site to prepare a filler based on the floor 
varnish/glaziers putty/indian dryers mixture listed in the site; the author could not 
remember proportions. 0thers using this formulation may be surprised to find how 
much putty is required versus varnish. I wound up with a mix of 1cup varnish/ 2 
1/2 lb putty and 1 tablespoon of dryers and probably would have been better to 
increase the putty to 3lb. To refinish a 16 ft canoe with the existing filler largely 
worn away by use and/or paintstripping I used 4 batches ie 1 quart of varnish and 
10lb of putty; the final batch was not all used. I found it applied best using a cheap 
8 inch plastic drywall knife (the more flexible the better) and applied it from the 
gunwales up and then from the centerline to meet the "upstroke". I "spot-primed " 
the areas where the old filler had largely washed out of the canvas by hand rubbing 
glops into the weave before doing the overall trowelling.

NOTES

1. Silica can be purchased at pottery supplies under the brand name Silex. Silex dust 
can cause breathing problems, so please always use a respirator when sanding 
filler.

2. Lead is known to cause brain damage when absorbed through the skin or inhaled 
as dust. Be very cautious using and disposing of white lead in your filler.

NAVIGATION AIDS

[WCHA Home Page]
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CHOOSING YOUR CANOE By John Winters

- 1 -

Choosing the best canoe for your purposes 
from among the many different models 
available would be difficult under the best of 
circumstances, but given the claims, counter 
claims and advertising exaggerations, the 
job is nearly impossible. Even the best pad-
dlers have different opinions on the best 
canoe for any given purpose. Short of under-
taking a full scale study of hydro-dynamics, 
the buyer is on his own. Fortunately, a 
knowledge of design fundamentals can help 
you separate the most promising canoes for 
your needs from those that are unsuitable.

The following explanation of how canoe 
performance is affected by shape, is written 
by designer John Winters. It should allow 
you to evaluate, in an objective manner, the 
merits of different canoes. If you have an 
interest in the more technical aspects of de-
sign, we recommend you to read John’s arti-
cles at Green Valley Boat Works:
http://www.greenval.com/jwinters.html

FACTORS AFFECTING PERFORMANCE

Every canoe is a compromise between con-
flicting needs. For example, many of the 
characteristics that make a canoe stable also 
make it hard to paddle, and many of the fea-
tures that make a canoe track will also make 
it hard to turn. Obviously we can’t have ev-
erything we want in the same boat and must 
find the best compromise to suit our require-
ments. The designer faces the task guessing 
what compromises will appeal to the cos-
tumer. How well he does this will determine 
how many canoes of his design are sold. 
You might think that after thousands of 
years of development, canoes would be pret-
ty standardized, but they aren’t. In fact, the 
variety has increased as boats are designed 
for ever smaller niches in the market. 
Further complicating is the fact that only 
recently, rudimentary scientific principles 
have been applied to canoes and their design 
has lagged well behind that of yachts and 
other watercraft.

Nevertheless, canoeing is catching up and 
more and more designers are applying scien-
tific principles to their designs in an effort to 
optimize performance. Newer designs can 
be a significant improvement over traditional 
types. Their shapes are based on sound ratio-
nal thinking rather than opinion and subjec-
tive guesswork. The down side of this is that 
the technical aspects are often confusing for 
the paddler who just wants a good canoe and 
not an education...

To help you wade through – or avoid – the 
technical swamps, the following is a general 
guide for the effects of various hull charac-
teristics. Keep in mind that this is neither all 
inclusive nor can it be applied to canoes 
carelessly. Canoe are complicated subjects 
and the more we know, the more it seems we 
have to learn.

Length — Length is measured at two 
points, at the waterline and overall. Of the 
two, the waterline is most important as this 
is a primary influence on how easily a boat 
will paddle and, to some extent, how much 
load it will safely carry. It is commonly be-
lieved that longer canoes are faster or easier 
to paddle than short canoes. This is, 
however, not the case, for with greater 
length comes increased wetted surface, and 
at typical cruising speeds wetted surface 
accounts for over 80% of all resistance. If 
you paddle consistently at 40 or more 
strokes per minute or regularly carry in ex-
cess of 500 lb (230 kg) load (all gear plus 
people!) then you will need a tandem canoe 
of 18 feet (5.5 m) or longer. On the other 
hand, if you paddle at about 30 strokes per 
minute and carry between 400 and 560 lb 
(180–250 kg) load (people & gear) most of 
the time, then a 16 to 17 foot (4.8–5.2 m) 
canoe will be best — and so on down the 
scale. Too large a canoe will simply mean 
extra work paddling at your cruising speed.
The designer must take these factors into 
account when he shapes the hull and deter-
mines the dimensions.
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The figure below shows a typical graph of 
resistance used to determine the ideal length 
at a particular speed. This can be done for 
any speed, but here it is done at a typical 
cruising speed for recreational canoeing.

Resistance@4 mph (6.5 km/h)
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Wavemaking and frictional resistance (bot-
tom and middle curves) are plotted for a 
single shape but for varying lengths. The 
two are added together and a curve of total 
resistance is drawn. You can see that the 
ideal length for this speed is where the curve 
is at its lowest point on the red line — in this 
case 15 feet (457 cm). Designers can choose 
somewhat greater length though for in-
creased speed potential for stronger paddlers 
or emergency situations.

Every canoe has a speed at which it is most 
efficient. This speed is a function of both 
hull shape and dimensions. The problem for 
the designer is to match that speed with the 
power output of the paddler. As you can 
appreciate, every paddler has a different 
stroke rate and strength. To determine the 
proper cruising speed then, a large number 
of paddlers of varying abilities were ob-
served to arrive at a typical power output. If 
you are an ‘average paddler’ and do about 
30 strokes per minute, your cruising speed 
should range between 5.3 km/h when pad-
dling a 15 feet (4.5 m) and 6 km/h for an 18 
feet (5.5 m) long canoe.

The important thing to be aware of is that 
even though the longer canoe has a higher 
cruising speed, you do not get something for 
nothing and will have to work harder to 
maintain that speed in the longer canoe. Ca-
noes only go faster if you are strong enough 
to push them that hard.

The amount of reserve buoyancy a hull will 
have is a function of overall length and top-
side shape. Canoes with bows that re-curve 
in the traditional fashion or have tumble-
home have relatively less buoyancy than 
those with vertical bows which, in turn, have 
less than those with ends that extend beyond 
the waterline.

recurved stem

plumb stem

forward stem

Beam — Waterline beam, properly mea-
sured at the actual waterline when loaded, is 
a good indicator of many canoe characteris-
tics. The familiar 4 inch (10 cm) waterline 
beam is of little use, as it is simply a mea-
surement of convenience. From a positive 
standpoint, wide beams provide stability, but 
the negative aspect is increased resistance. A 
waterline beam in excess of 18% of the wa-
terline will usually produce a slow stable 
canoe, while one of less than 14% will make 
a fast but tippy canoe. The ideal beam for 
you will depend upon your goals and experi-
ence.
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Underwater profile — This profile has a 
major impact on maneuverability and track-
ing. The greater the amount of rocker, the 
more easily a canoe will turn but the more 
poorly it will track. The reverse is of course, 
and straight keel lines improve tracking to 
the detriment of maneuverability and also 
increase wetted surface. A more recent de-
velopment in the evolution of profiles is that 
of a straight keel aft to promote good track-
ing and rocker forward for good maneuver-
ability. Such canoes are not only easier to 
handle but have more predictable handling 
in large waves.

straight keel

rocker

Waterline Shape — The designer’s art has 
its most varied expression in waterline 
shapes. Over 100 years of scientific testing 
and research in universities and the leading 
hydrodynamic labs has taught us what 
shapes are most efficient, and to vary signifi-
cantly from them usually results in substan-
dard performance. The most efficient shape 
for speeds associated with canoe touring is 
one with straight or slightly concave water-
lines forward with a gradual increase in wa-
terline beam to a point 1–5% aft of the mid-
dle.

concaveconvex

Past that point the waterline can remain full 
and taper to concave waterlines at the stern. 
If the waterlines are too concave forward the 

result is an abrupt increase in volume about 
one quarter of the way along the hull which 
will slow the canoe almost as badly as con-
vex waterlines seen on so many thermo-
formed and aluminum hulls. These same fine 
ends also bury deeply into waves making 
maneuvering difficult just when you may 
need it most. Conversely, full convex entries 
will pound in waves and allow the hull to be 
pushed off course by wind and waves. 
Somewhere between those two lies the best 
shape. The waterlines aft are largely respon-
sible for how the boat tracks and concave 
waterlines produce the best tracking while 
convex waterlines produce greater maneu-
verability.

Section Shape — There are three basic 
types of hull section: flat bottom, arched 
bottom and V-bottom, and some canoe hulls 
will combine all three in the same hull. How 
these are combined or used will determine 
stability, speed and maneuverability. Arched 
bottoms generally have less initial stability, a 
more predictable motion in waves and less 
wetted surface than the other types.

flat bottom

arched bottom

V-bottom

Test data indicates that the best combination 
is that of ‘U’ shaped sections at the bow, 
rounded sections midships, and ‘V’d sec-
tions aft. The “U’d” forward sections allow-
ing the bow paddler to make effective con-
trol strokes while the “V’d” aft sections pro-
vide directional control.
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Shape above the water — Hulls can have 
flare, tumblehome or any combination or 
degree of these. Tumblehome, when it is 
located at the paddling position, improves 
efficiency by keeping the paddle closer to 
the paddler. What you sacrifice for this effi-
ciency is reduced seaworthiness and a wetter 
ride through rough water. For wilderness or 
open water paddling flared sides provide an 
essential safety margin and, if well thought 
out, do not hamper paddling significantly.

flare

tumblehome

Stability — The most important aspect of 
stability is neither the ultimate stability nor 
the initial stability but how the two work 
together to give the canoe its ‘feel’. Ideally 
there should be a gradual impression of 
greater resistance to capsize as heel increas-
es. Canoes with rounded bottoms and flared 
hull sides will most often have these charac-
teristics. Flat bottomed, ‘V’ bottomed and 
canoes with tumblehome can feel good ini-
tially but become more tippy as they are 
leaned. It is far easier to adapt to a little ini-
tial tenderness than it is to anticipate and 
react to an abrupt change under difficult 
conditions. A simple test is to heel the boat 
until water begins to pour over the 
gunwales. At that point it should still right 
itself. If it keeps going or requires a quick 
response from the paddler, the boat may 
very well let you down at the worst possible 
moment.

Freeboard — While the more common term 
is ‘depth’, which is the distance from the 
sheer to the keel, what you really want to 
know is how much canoe will be above the 
water when it is loaded. This is called free-

board. Too much freeboard and the canoe 
will be blown about by the wind too much. 
Too little freeboard and waves slop in easily. 
Tandem touring canoes should have at least 
7–8 inches (17–20 cm) of freeboard amid-
ships to assure reasonable dryness, while 
solo canoes can get by with about 6–7 inch-
es (15–18 cm).

depth
freeboard

waterline

draft

The ends should normally be 1/10 of the 
overall length, although it is permissible to 
be a few inches lower in the stern. What is 
not shown by these dimensions is what 
shape the sheer profile should be. Since 
waves come aboard about 2–3 feet (60–90 
cm) aft of the bow, the sheer should not have 
a sharp curvature towards the ends but rise 
gradually in a smooth uniform sweep.

sheer

Summary — There is much, much more to 
design than the above, but if you search for a 
boat that fits within the parameters given 
here you will probably get a good boat. In 
every case, you should test paddle the boat 
loaded as you would normally load it and 
paddle it as you would normally paddle it. 
The advice of experts is valuable and useful, 
but you are the one who will have to paddle 
the boat so it should suit you first and fore-
most.

_ — _
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