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CHAPTER 1 

EXECUTIVE SUMMARY 

Introduction 

A study was conducted in 1985 to investigate t h e  swimming 

performance of Aratic grayling (Thymallus arc t i cug)  through a highway 

culvert in Alaska. The project use& n visual technique to determine 

fish paesaga through the aulvcrt: in Poplar Grove Creek at Milepogt 138.1 

on the Richardson Highway, some 23 miles north of Glennallen, Alaska.  

The overall objective of the project was to study the a b i l i t y  of 

Arctic grayling to pass through an existing culvert under a variety of 

conditions, 

Project Description 

The f i e l d  investigation of the project occurred during the period 

of May 15 to June 1, 1985. This period included "breakupw when the 

strewn went from ice-covered to fxee-flowing condit ions.  Fish were 

captured and tagged near the confluence of Poplar Grove Creek (PEC) and 

a s  Gulkana River, Small, light-weight, plas t i c  streamer tags were 

inserted at tha base of the dorsal f i n  of the f h h .  A total of 1,252 

fish were tagged out of an expected population of about 4,000. The size 

distribution of the tagged fish included 792 greater than nine inehea 

and 460 less then nine in,ches but greater than six inches. The tags 

were color-coded according to fish size. Following tagging, the f i s h  

were released back to Poplar Grave Creek where they were exneetad to 

migrata upstrsam to their  spawning habitat. During their migration they 

transcended through about three nilen of braided meandering channel 

before encountering the highway aulvert. 

Hydrological conditions were unusual during the study period. The 

peak discharge was 139.1 cfs, which correlates with  the 20-year flood 

for this atream, This high flow rate resulted in very high stream 

velocities, which were nearly 12 feet par second {fps) . The excessive 

veloc i t ies  may have impeded the swimming parformar,ce of the fish, 

espeoially smaller ones, and delayed t h e i r  arrival at the highway 

culvert . 



Fish first arrived a t  the culvert on May 23, three days after the 

initial tagging. The culvert is a five-foot-diameter, 110-foot-long 

corrugated metal pips that is skewed to the highway at about 45 deyrees 

and on a gentle slope of 0 . 5 % .  

The observation technique consisted of stationing observers at the 

inlet and outlet of the culvert. Flashboards ware employed to enhance 

v i s i b i l i t y .  A s  the fish entered thm culvert, they were racosdsd and 

timed during thei r  journey through the pipe. 

No f i s h  were abservtd passing through t h e  culvart until May 26 ,  

these days after their arrival at the scour pool. The water velocity in 

t h e  pipe at t h i s  tima b-as about 9.2 f p s .  Significant numbers of f i s h  

were unable to negotiate the culvart until May 31, eight days af ter  

their arrival. During the eight-day period, average pipa velocities 

ranged from 12 to 7 . 3  fps. Watar quality conditions on May 31 included 

apparent cclcr cf 50 wits, turbidity of five NTU, dissolved oxygen of 

nine m g / l  and a temperature cf 7OC. 

During the eight-day p r i o d ,  May 23-May 31, fish wore obsomed 

attempting to antcr the culvert. They seemed highly motivated to do so 

and fraquantly ware obserred leaping at the pipe f r o m  5-20 feet back and 

2-5 f ee t  high.  On May 2 5 ,  about eix p a . ,  the leaping attempts peaked 

when the frequency reached one attempt each 1.35 seconds. 

Sport  fishing pressure waa severe during the eight-day period of 

May 23 to May 31. Approximtely 2,600 f i s h  were removed from the scour 

pool during that time a3 detemined by creel eensua. 

Conclusions 

c he cost-a£ factive, simple techniques used during t h i s  project: to 

monitor f i s h  progress ware succassful, The procedurar were experimental 

and wa encountered unusual hydrologic cond i t ions ,  so it is recommended 

that the procedures be further evaluated on other streams, cu lve r ts  and 

f i s h  species. 

I. The observation technique was successful. The specific type of 

fish rag employad was appropriatm, but it d i d  impede: t h e  

perfermance of small f i s h  (less than  six-inches in l ength)  during 

-2-  

.- 



the high  velocities encountered, The flashboards enhanced 

v i s i b i . l i t y ,  and the tags were easily observed fox the existing 

conditions. However, it is expected t h a t  v i s i b i l i t y  would be 

restricted ty greater turb id i ty ,  color concentrations or depth of 

flow greater than three feet. 

2. The experimental dasign of thm  project could bm improved by 

including cp~trearn recapture of f i ah  and by w i n g  more 

aophlsticatcd techniques to monitor and confirm f i s h  movement 

through the pipe. Improved coogaration and communication w i t h  

ADF&G would also be desirable. 

3 .  Large Arctia grayling successfully nagotfatod the pipe at average 

water velocity through the p i p  of 9.2 fps. Significant numbers of 

grayling passed through tho aulvsrt when tho velocity receded to 

7 . 3  fps and the water temperature waa 7,7OC. There is controversy 

regarding the definition of percont passing the culvert.  The 

Habitat Division of the Alaska Department of Fish and Game feels 

that, for the puxpase of evaluating the WPM; fiuh pamaage 

criteria,  all fish in the scour pool below the culvert should be 

considarsd as failursa even when no attempts are  made. 

For this study, pascent passing means any fish that entsred 

the culvert and exited at the ~ i p e  i n l o t  wan considered a 

succassful attempt. Any fish that entered t h e  pipe but d i d  not 

exit tha culvert inlet was considered a failure.  The succese rate 

at ? . 3  fga and 7.7OC was 78a. A 952 success rate w a s  achieved when 

the temperature was 9.5OC and tho velocity had dropped to 6.9 fps. 

4.  3 p r t  fishing at the culvert scour p o l  e e r i o u s l y  interfered with 

the reasarch activitiao. It also can have a davaetatinq effect 

during breakup on f i s h  populations utilizing undersized f lah 

passage structures, such as the Poplar Grove Creak culvert. 

5. The Alaska Department of Fish and Game f i s h  passage criteria should 

be care fu l ly  reevaluated. Recognizing the  preliminary natura of 

t h i s  research and the unusual hydrologic conditions encountered, 



caution ~ h o u l d  be exercised in the use of t h i s  project's data, 

. Hawaver, the propoatad Poplar Grove Creek culvert replacement will 

occur in the near future at a 20-fold increase in c o ~ t  '(compared to 

or ig ina l  structure coat). Yet, even then, the pipe.will not be in 

comglianca with the present ADF&G criteria.  

Information gathexad from t h i a  study suggests that the ADFsC 

fish passaga criteria may be too reetrfative. A review of the 

variance para.met@ws indicated some disercpancies. With a Large 

number of state culverts presently out of compliance, confonnanca 

w i t h  conservative and possibly over-restrictive c r i t e r i a  will be 

very expensive and may not result  in cost-effactiva uae of the 

p u b l i c  ' a funds. 

A balanced approach to protection of the resouxce along w i t h  

the wise expenditure of the public's money for fish passage 

structuraa ir desired.  Rsaulta of this atudy may help to 

accomplish that goal. 



F i s h  populations are widely distributed throughout Alaska and must 

of ten paw through highway stream crossings, Thasa crossingo can be 

crucial to the seasonal migration of fish populations because of 

mcdificatione t o  the natural flow regbe.  They may impede acceos to  

feeding, spawning or overvintdring habitats. The proper design of 

highway culverts Fa eassntial  to facilitate fish passage, so the daaign 

critsria ehould be technically rrupported. The critaria must ensure fish 

passage but still consider the hydroloqical conditions of the stream 

site, the d i f f i c u l t y  of culvext installation, and the economias of 

design and construction. 

The Alaska Department of Transportation and Public Faeilitiaa 

(DOT&PF) is the primary agency rsaponaible fo r  da8iQn and conntruotion 

of roads in Alaeka. The Alaska mpartment of Fish and Gams LADFbrG) has 

authority, as providod by the Alaska Laqirlature, to ansura e f f i c i en t  

ffsh paesaqe through highway stream erossfngs (A.S. 16.05.840 and 8709 

see Appendix A ) .  Many road projects are fedmrally funded and, 

therefore, may requiru fulfillment o f  the National Envirormantal Policy 

A c t  INEPA), an wall as all per t inent  state and federal laws. For these 

cases involving NEPA, the U.S. Piah  and Wildlife Service coordinates 

w i t h  ADF&G and DDT&PF to maintain f i s h  pas$age, 

In order to fac i l i t a t e  fish passage, ADFkG has s e t  maximum water 

velocit ies  for varying culvert Lengths that can be attainad during a 

mean annual flood discharge (Q2433). T h i a  mans that the  mean annual 

flood will occur every 2.33 ysara. For tha puxpose of clsrification, it 

is noted that the Q2. 33 represents an instantaneous discharge on a . 

hydrograph, R d m r  to Figuxee 4 and 10 f o r  add+tional information.  For 

interior Alaska, the estimated swiming  performance of A r c t i c  grayling 

(Thymallus arcticus) is uead as t h e  design criteria, with several 

control parameters, for designating maximum culvert  o u t l e t  velocit ies .  

These criteria wsra derived by the Alaska State Pipeline Coordinators 

Office (SPCO; 1981-1982) from data generated from MacPhse and Watts 

(1976). The criteria are presented in more d e t a i l  i n  Chapter 111. 

HacFhee and Watts analyzed the uwLarming performance of Arctic grayling 



far vaxyinq outlet  velocities through a two-foot-diameter culvert durinq 

controllad conditions. There are no known additional studies that 

invsstigatad the appl i cab i l i ty  of the extrapolated c r i t e r i a  in natural 

stream conditions c.r uafng culverts of larger diameter. Two other  

technical faferencee are cited because they contain relevant fisheries 

fnfonnation (Staniataw and Stanistaw, 1962r B e l l ,  19731, but the studies 

d i d  not includa actual measurements of fish swimming gerfomanca. 

DrYTEPF and the University of Alaska-Fafrbank~ initiated a study in 

1985 to investigate a highway culvert t h a t  i a  inadaquate f o r  f i s h  

passage according to ADFGG criteria, y e t  appeared to Fass a significant 

number of fish, 

Poplar Grove Creak was solacted far this project because of prior 

atudias conducted there by MacPhae and Watts (1976) during 1973 through 

1975, and by Tack and Fisher (1977) in 1976. Their research compiled. 

axtensive information on the stream's fieheries and hydrology. It was  

here that MacPhse and Watta recorded tho data that waa eventually usad 

tc generate the ADF&G f i s h  paasags critmrin. The highway culv~rt at the 

straam croaning i e  iaaduquate, according to the ADFbG criteria {Travis, 

1985). Nevertheless, many Arctic grayling pass through it durfng the 

upstream spawning migration following spring breakup { W i l l i a m s  and 

Potterville, 1985) . 
The study had four main objectives. 

To develop a proeaduxa far analyzing a culvert's ability to pass 

f i sh .  

To detarmina the succssa rats of Arctic grayling pasaing through a 

highway culvert that is conriderad inadequate for fish passage 

according to ADFfG criteria. 

To determine if additional, more comprahensive studies need to be 

conductad to verify  or modify ADFcG1s criteria. 



4.  To inveetigats what other state highway dspartments and resource 

agencies are doing  to address fish-pasaage problems. 

To moot the fish passage critaria, DOTCPP must  aften design and 

ins ta l l  large diameter culvt tr ts  or even brfdgsr when a small culvert 

might function adequately. Even after these atructurea have been 

pravided, their general effectiveness Par paaring f i s h  is greatly 

debated. As a result ,  soma engineera feel  that ADF~G'B requirements are 

too reatrictivs and add an unjustified expense to highway projects. 

Contrary to th is  opinion, some fish bioloyists fee l  the cr i t e r ia  for 

design are too liberal and do not provide suffioiont pxotsction to the 

resource. Tharefore, hasad on the need for additional d a t a ,  further 

evaluation of existing criteria, and a desirta to optimize cost 

effectiveness and rasource protaction, this project was undertaken. 



CHAPTER I11 

LITERATURE SEARCH 

A literature search on fish passaqe wan conducted. The main scope 

of the search cc~centrated on the swimming performance of Arctic 

grayling through highway drainage structurss because ADF&G uses grayling 

as the  d a d g n  sgsciem for designating maximum culvart outlet valoaitibs 

for interior Alaska. The search also reviewed literature on t h e  

implamantation of firrh passage criteria by regulatery agencies. In 

addition to reviewing the  l i t e r a t u r e ,  letters wsra sent to highway 

department3 and natural raaource agenciea in the United Statan and 

Canada requesting finh passage information from thair areas. T h e i r  

ratagonsas are sutmnsrizad in Chapter IV. 

There have been relatively few field studies performed to detemina 

acceptable pips velocities fox fish pasaage through culverts. Kanc and 

Wellan 11985) noted that " . . . ~ l t h o u q h  numerous roporta are available 

relative to fish awimmfnq performance, a review of these papers reveals 

that  a small core of papers are rtpsatedly cited ...," and that moat of 

the research has been done w i t h  salmon. 

Arctic Grayling Swimming Abilities 

Only two papers were found that addreas t he  awimming performance of 

Arctic grayling (Jonsa at al., 1974; and MacPhee and Watts, 1976). 

Jones et al. studied the  critical velocities that Arctic grayling can 

negotiate, while MaePhae and Watts (1976) analyzad the grayling's 

ab i l i t y  to pass through various culvert lengths at d i f f e r e n t  o u t l e t  

velocities. Thesa studfea ganeratad d i f f e r e n t  results. Kane and Wellen 

(1985) plotted theas results and they are displayed on Figure I. Jones 

e t  a l .  determined t h a t  t h e i r  results can be expressed as an exponential 

function while MacPhee and Watts found their rasults  followed a linear 

relationship. 

Jones et al. (1974) w e d  the following experimental procedure to 

analyze the swimming performance of Arctic gxayling. Between one and 

four fish at a time were introduced i n t o  a 2 5 . 4  cm (10 in) diameter, 152 

cm (60 in) Long piexiglass  tube. The f i s h  were f irst  acalimaterd to 



- 
WATER VROCITV (cm/s) 

MacPhes and Watts 
V 3 . 5 L  for 75% passing for a 30.5 meter culvert 
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L - FORK LENGTH, cm 

X EXPONENT 

FIGURE 1: CQMPARINQ JONES ET A 1  WITH MCPHEE AND WATTS 



their surroundings by being subjected to a constant water vel 

cm/amc (0.33 ft/sec) fo r  one hour with  an electrified grid covering the 

dometroam and to provide ". . . tha stimulus to swim.. . " At: the and of 

this time, the velocity was increased 10 cm/sec ovary 10 minutes until 

the fish wsre carried back to the grid. The f iah  had no reating perioda 

during tha test. 

The grayling tested had fork lengths botuoen 7 em (2.75 in) and 37 

cm (14 .6  in). The t e s t s  wers performed w i t h  water temperatures between 

7OC and 20°C. The grayling that were tested were not migrating upstream 

to agawn. Although Jonea at al. (1974)  did  not specif ical ly  atate  the 

m a x i m u m  water velocitias that the f i a h  could endure, F i g u r e  1 shown khat 

a fish with  a fork length of 24 cm ( 9 .5  in) would have been abh to 

maintain their swFrmning p a s i t i o n  up to a maximum veloaity of about 68 

cm/tsac (2 .2  f p e ) .  Jones et al. could not varify any relationship 

between gmirnming performance and water temperatara, 

MacFhee and Watts (1976) analyzed the percent paasing of Axetic 

grayling through two 24-inch-diameter culverts (60- and 100-feet long) .  

~ h s  grayling ware migrating upstream to spawn. Fish  were nattsd behind 

a weir and then transferred to holding boxsn that were pooitionod bslow 

the out l s t s  of the culverts. Various outlet velouitiea wsre generated 

by t i l t i n g  the culvezts up or down, and by changing the headwater depth 

a t  the culvsrt inlet. The fish remaining in the downatream holding bax 

after 18 hours (1973-1974) or 44 hours (1975) wers deemed as 

unauccesaful attempts. The percent success rate of the grayling 

n q o t i a t i n g  the culusrts was recoxded for various outlat velocities.  

Water valocitier in ths  culverts ranged from 0 . 6  m/a to 1.9 m/s (2.0 fpa 

to 6.2 fgs). The f i s h  studied had fork lengthe between 9.5 em ( 3 .3  in) 

and 36 em (14.2 in). 

MacPhse and Watts (1976) noted that watsr tmpsraturn greatly 

influences the grayling's ability to swim longar and negotiate 

significantly hfghor water velocitiee. The swhmfng psrformanca of 

grayling, c~nducted in circular tanks, inaraased about 802 with an 

incruam in water temporatare from O°C to 14OC. They alao obsenred that  

grayling migrating downatream ware less motivated to swim vigorously 

than thoae migrating upstream. 



It io also inpo.rtmt t-G r.&e that MacPhee and Watts conducted t e s t s  

on the mhmlng performance of Arctic grayling by using a circular 

swimming channel to oktain voluntary cruis ing  speed and sustained speed 

information. Theee s w i m i n g  performance studies were then to be used to 

project culvert  length for design purgones. 

From 1976 to 1984, the Northwest Alaskan Natural Gas Pipelino 

pxoject was being designed to bring natural gas from Prudhoe Bay to the 

Canadian Border and, eventually, to the continental  United States. The 

gas pipeline as proposed waa to appraxfmately parallel the Trans-Alaskan 

oil pipeline from Prudhoe Bay to Delta Junction. Prom Delta Junction, 

t h e  gas l i n e  would have agproximately followed the Alaakan Highway to 

the Canadian Border. Along the proposed gas line route, project 

act iv i t i e s  could potentially affect 388 water bodies by crossing or 

nearly aroesing these araas [LGL Ecological Reaearch Associates, 19811, 

A large majority of t h e s e  water bodies provide f i s h  habitat ,  so the 

project he8 to provide f i s h  passage structures that would allow the 

reeident f i s h  species to continue to utilize these habitats. 

Alaska developed a regulatory agency to oversee the environmental 

concerns which arose from the  gas pipeline project. This agency was 

called the State  Pipeline Coordinatorfa Office (SPCC). During the 

winter  of 1981-1982, SPCO attempted to develop f i s h  passage criteria 

t h a t  would be uned to drmign drainage structures f o r  fish s e n s i t i v e  

streams on the gas line project. 

Arctic Hydrologic Consultants (3985) summarized tha  technique SPCO 

uaad t o  generate the f i s h  passage criteria. Thay developed an equation 

to predict the average aroas-sectional vmlocity a t  which a specified 

percentage of a specified length clam of Arctic grayling w i t h i n  a 

culvert of specified length can paas. Thin equation was derived by 

precessing tho MacPhss and Watts (1976) data through a multiple linear 

stepwise regrssaion Frogram, BMDP-2R (UCIA, 1979). The final equation 

(equation 11 waa expressed as 



v - 0 .541  - 4.97 loq(CL) + 5 . 7  l o g ( F L )  + 0.786 log (T I  I11 

- 1.13 log (P+l) 

where 

V = the maximum average moss-sectional w a t m r  velocity in a 

culvert a t  which gxayling can pass, in feet  per second ( f p a )  

CL - culvart length in feet 

FL a fork Length of grayling clam in millimeters 

T = water temperature in degrsse Celsiue I C )  

P = percentage of grayling in a given Length clans (FL) required 

to pass the culvert. 

Arctic Hydrological Consultants (1985) found that the standard 

error of the estimates (SEE), 

coefficient of determination 

the correlation coefficient (R), and the 
2 

(variation) (R are as follows t 

SEE = 0.700 fpa 

2 
Arctic Hydrological Consultants stated that the SEE and R axe ". . .not  

particularly good. .." and, therefore, "...although the equation provides 

a useful tool ,  it has considerably more variability asmaciared with it 

than one would like...." These invsstigators felt that the m!or source 

of the variability in the ragresaion equation was posafbly duo to the  

variable s w h i n g  abilitiee tha t  MacPhes and Watte (1976) obaervad. 

To simglify tha equation, SFCO (Post ,  1981) adopted a reduced form 

of the equation (spuation 2)  to be uaud where site-specific information 

ia unavailabls . 

This equation was derived by using the following valuom. Ths water 

tempercture (TI was assumed to be 2.78"C. The grayling fork length (FLI 

wab aasumed to be 241 nun, The garcant pamsing (PI was speci f ied ar 75%. 



After consulting w i t h  WF&G personnel, Post (1981) felt t h a t  a 

watox temperature of 2.7S°C (31°F) was a good est imate tf the conditions 

t h a t  grayling would ancountar during a spring discharge, ADFcG (Poet, 

1981) a b o  felt that most grayling that were 241 mm (9.5 in) or larger 

were eexually mature, and that at l s a a t  75Q of t h i s  size group should be 

allowed to pass through a culvert at m y  given time to prevent any harm 

to tha stream'm grayling population. 

Pigurs 2 displays the maximum allowable o u t l e t  veloeitiea for 

varying culvert lengths that were generatod from equation 2,  

ADF&G o f f i c i a l l y  adopted tha SPCO Fiah passage criteria on April 

2 6 ,  1902 (Logan, 1982). A t  t h e  the ,  the mP&G Habitat Division was 

instructed to evaluate a l l  permit applfaations for  drainage etructuren 

in f i s h  stream usinq the f i o h  passage criteria (based on Group 11 

f i s h ) ,  regardless of what fish species was involved (Logan, 19821. The 

adoption and implementation of t h e  criteria occurred without any 

specific investigation of it# applicability in natural systems, and no 

follow-up investigation has occurred to veri fy  or subtatantiate the use 

of the criteria. 

Other Approaches to Fish Passage Criteria 

Dryden and Stein (1975) were contracted by t h e  Canadian Department 

cf Environmenf to develop guidslinms for the protection of fiohery 

rseources during highway construction and operation. They advocated 

using Schultz18 (1974) recommended maximum ve loc i ty  of 3 fps for  the 

design of o u l v e r t ~ .  They advised that t h i s  velocity could only be 

exceeded for three days during the mean annual flood (Q2.33) or seven 

days during a 90-year flood ( Q 5 0 ) .  There was l i t t l e  s c imt i f i c  reaaon 

for thmao reawolendationr. Drydsn and Stein'a study was based on the 

rovimw of othmr investigatora7 research and did not include actual 

sc ient i f ic  msaauremants. The recommandations ware formed from the 

reaulta of t h e i r  review. 

Aahton and Carlson (1984) expanded an Dryden and Stein's (19751 

rsaommandationa and developed multiple linear regzesaian equations that 

d e t e m i n e  the highest cansecutive mean discharge for one-, three-, 

seven- and fifteen-day durations, and the lowest consecutive mean 
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discharge f o r  three-, seven-, fourteen- and thirty-day durations. A log 

normal distribution was used to estimate the recurrence interval5 of 

thaae flow durations f o r  1.25, 2 ,  5,  10 and 20 years. Ashton and 

Carlson concluded that the culvert designex should consider predicted 

peak flow durations in addition to the instantaneous peak flows when 

designing culverts f o r  fish paasage. 

In the fell of 1978, the Canadian Department of Public works IPWC) 

atatad that strict aaharonoe to Dryden and Strin'a criteria was not 

economically viable fox many crossings. PWC requested the Canadian 

nepartment of Fisheries and Oceane (DFOI to provide alternative 

approachsa (McKinmn and Hnytka, 19791, DFO analyzed neveral design 

approaches f o r  apacific stream crossings where f i s h  pasaage wan required 

through culverts. They found t h a t  a more demirable approach to fish 

passage design wae to s h i f t  from deeignated maximum velocitiae to 

culvert design criteria. This new approach wan termed "stream 

simulation" (McKinnon and Hnytka, 1 9 8 5 ) .  Stream simulation i a  defined 

as "...maintaining na tura l  stream properties a t  the crossing ( i . e . ,  

average cross section, width, slope, substrata) for flows up to the f i s h  

migratian discharge, concentrate low flows and pmvidm within the 

culvert a rock substrate, atable at the QS0 flood...." McKinnon and 

Hnytka ( 1979) clef ined the term "f i sh  migration dischargew &a " . . .the 

maximum dfschlrrge that allows f i s h  t6 traverse a stream crossing ..." 
which generally may be taken as the mean annual flood (Q2-33). 

MeKinnon and Hnytka (1979) advoeatmd installing a rock subatxate 

within a culvert such that the stream would cu t  a t h a l w e g  through the 

substrate. During l o w e r  flow conditione, the water would concentrate i n  

the t h a l w e s  and prevent low flow baxriers to f i s h  migration, 

Twa reseaxch projacts recommpded that fish passage criteria should 

take account of the slow veloc i t ias  that are present along t h e  

boundaries of a drainage structure (Morsel1 et al., 1981; and Kane and 

Wellen, 1985). The concept is based on the theory that ffsh s e e k  out 

the path of leaat resiatance. 

These low velocities axe found near the banks and bottoms of 

streams and along culvert boundaries. By altering the roughnees of a 

culvert, tha velocity can be modifisd at or near the vicinity of the 



boundary and thus f 'acf lit ate fish passage. The depth of the boundary 

layer is dencribad in the fol lowing paragxaphp. 

~ o r s s l l  at al. (1981) developed a hydrologic model t h a t  deecribea 

the vslocfcy of a zone closa to the culvert bottom, which is cal led 

V-occupied. Kana and Wellen (1985) analyzed thia  concept and found that 

if this model Fa valid, then V-occupid equals about 0 . 6 2 5  of the 

average croaa-mational ve loc i ty .  

Kane and Wellan (19851 had some reaarvations about t h i s  

relationship, and thay developad a dif ferent  approach to describing the 

V-occupied zone. Thay suggested that the depth of t h e  occupied zons be 

def ined  by the height of the deafgn f i s h  in the atream. Tho velocity of 

t h i s  zons could then be found by using equation 3 .  

where 

v = velocity of V-occupied eons (fpsl 

vave = average velocity i n  cross saction (fps) 

Y depth of V-occupied zone'(ft1 (equal to the height  of design 

f i sh)  

Yo * total depth of flow i n  culvert (ft) 

n - Manning's roughness coefficient 
R - hydraulic radius (area/wattsd gerlmeterl 

2 
g gravitational accmlsration constant  (ft/sac 1 

Kanm and Wellen (1989) used a modified version of this equation to 

pxadict the v a l ~ c i t y  profilaa for 49 culvorts where velocity profile 

measuremsnts were taken. They stated that ,  in 34 cases, the predicted 

valoeity profiles conformed quite well with the measured profi les ,  while 

the compazfson was not  very good in 13 aaass. 

By setting the g equal to 32 ft/mec2, equation 3 airnpltfies to 

v = v 
UVQ 



Tha literature reviaw yielded several reports t h a t  discussed 

reaommendntfons for deelgning and installing roadway culvert8 t h a t  will 

provide adequate fish paanage (Metsker, 19701 McCIallan, 1971; Gabharda 

and Fisher, 1972; Evans and Johnston, 1974r Lowman, 1974t Drydsn and 

S ta in ,  1975; Icatog~dfs, 19771 Dane, 19781 USDA Forest Service, 1979t 

Forsell et al., 1981; hrctic Hydrologiaal Consultantm, 1985). All of 

these papers statbd that the depth of burial, alopo, culvert length and 

hydraulic capacity woxe critlaal parameters in providing fish passage. 

Due to hydraukic mbur, etrsam bed materialrr cftsn arods away from 

culvert outlats and produce elevated culvert inverts. Thia condition is 

tarmad *perchadn and forces fiah migrating upstream to jump into the 

culvert aa they continua to swim upstream. If the culvsrt Fa perched 

higher than the jumping ability of the f i a h ,  it will become a barrier to 

q s t r e a m  migration. To prevent parching from occurring, several authors 

recornend burying tho  culvart  invert below the natural stream bed. 

Evano and Johnston (19741, Dryden and S t e i n  (1975), and USDA Forest 

Service (1979) recommend buryin? the cu lver t  invert a minimum of six 

inches below the natural stream bed elevation. Dane (1978) advised 

depressing the invert at l e m t  I foot .  Moraell et al. (1901) 

recommended at  least one-fifth of the cu lver t ' s  diameter be set below 

the lowest elevation of the natural stream bottom at the place of 

installation. Dryden and s t a i n  (1975) and Dane (1978) also adviaed 

placement of a "saour apron," which ie an artificial subetrate  

conotructed of a nonercdabla material ( i . e . ,  riprap) at t he  culvert 

out le t  to prevent perching. 

As the slop. of the culvert increamam, the v d o a i t y  of the water 

also increams. Tharefors, most rsnsarchers reconaaend fnatal l ing  

culverts at the f l a t t e s t  gradient poaaibla. Evans and Johnston (1974) 

reaommend installing culverts close to zero percent. Gmbhards and 

Fisher (1972), Dryden and Stein (1975), Dane (1978) and Norsell at dl. 

(1981) advocate i n e t a l l i n q  culverts up to a maximum mLope of O.5P. 

USDA Forest Service (1979) recom~aenda placing culverts on a otream 

gradient less than 2*. All the literaturr sources t h a t  we reviewed 

raeom~lend placing the culvert parallel to the natural strsam gradient. 

-18- 



If the natural s l o p  excoeds the maximum allowablm gradient  f o r  fish 

paasage, than the use cf baff les  IY advised. Dana (1978) recommends 

using baff les  up to a maximum slope of 5.0%. 

In moat culverts, f i ~ h  do no t  have reeking areas w h i l e  s w h i n g  

upatream. Zf tha water velocity and culvert length exceed the fish's 

swimming endurarxa, then the culvert w i l l  become a barrier to fish 

movemmnt. Therefore, the shorter tha culvert, the leas likaly it will 

b l o c k  fish migrating upstream. Dryden and Stein (197S), Dane (19781 and 

Arctic Hydrological Consultants (19051 reconrmsnd usinq the ahartert , 

culvert  length possible. 

Almoat ell of the f i s h  passage l iterature trcanrmend designing the 

hydraulic capacity of culvsrtr to pass a 50-year flood tQSO) with an 

inlet hsadwatar depth equal to the culvert diameter. The authors f e l t  

that t h i n  cr i te r ion  ensured the s t a b i l i t y  of the structure and produced 

outlet velocities that would allow upstream passage of fish during 

periods of high flow. The t w o  exceptions to the Q50 criterion w e r e  Dana 

(1978) and USDA Forest Service (1979). They racommonded a hydraulic 

capacity of QIOO and Q Z 5 ,  respectively. 



CHAPTER LV 

FISH PASSAGE SURVEY 

Thio chapter is a synopsia of a fish passage survey which was 

conductod during 1985. Letters were sent to highway departments and 

natural resource agencies in t h ~  United States and Canada xaquearing 

fiah passage information from t h e i r  areas. 

Forty-four sta tes  and all Canadian provinces rsspondmd to the 

lettar of inquiry for fish passage information. Their responaas ara 

summarized in Appendix B. Tha atatea  that d i d  not respond were Alabama, 

Colorado, Now Hampehirnt North Dakota and Wemt Virginia. Twenty states 

reported thay uaually d i d  not h a w  problem8 with f i a h  paeeaqe through 

highway culverts. Except f o r  Hawaii, must of thase staten are in areas 

of flat topography (i.e., Kansas, Iowa, etc.). A number of otates 

including Arizona, Maine, Minnaoota, Nebraska, Ormgon and Washington 

indicated clam coordination batween resource agencies and 

transportation agencies. Alaska and California were the only two states 

reporting use of "fi~h paasags tank forcesn (refer to Appendix B). 

Eighteon highway dapartmentn reportad havfng a goad working relationship 

w i t h  resource agencies when addreomfng f i s h  passage problems. Thoas 18 

departments commonly suggested that; (1) early coordination should 

eccur between highway and resource agencies during the des ign phaaet (21 

culvert inver t s  should be depressed approximately 1 to 2 feat  below the 

natural stroam bed; ( 3 )  culvert8 having s lopae  greater than 1% should 

have a baffling system$ and (4)  the remaining culvert voluma (after 

suppression and the addition of baff les)  should be able to handle 

agproxinsately a Q50 discharge. 

Several highway dspartmsnte have a policy cf establishing either a 

formal or informal fish passage task fore.. The teama are composed of 

peraonnel from various disciplines including design and hydraulic 

~nginoers, environmental apeclaliets and peraonnel Pram raaource 

agencies. Early in the development of a project, the highway 

depaxtmanb procodurally contacted pertinent resource.agencfee to 

determfnet (1) whether an impoxtant fishery utilizes the e trev  in 

question; ( 2 )  if there 1s currently a fish paseaga problmmt and (3 )  if 

there is suf f ic ient  spawning and rearing habitat sbove the culvert to  



warrant the costs involved in establishing, maintaining or 

reestablishing fish pasaaqe. Based on t h a s ~  d s t e r m i n a t i o r . ~ ,  f i s h  

passage either becomes a design criterion f o r  the pro jec t ,  or it is not 

considered further. The final f i s h  pasaage design is coordinated wi th  

the reaourca ageneims and then is f i n q l l y  admitted to tho district's 

hydraulic engineer f o r  approval. 

Responding sgencier recommanded positioning the culverts parallel  

to the natural stream gradient. The culverts are depressd 

approximately I to 2 feet below tha stream bed to prevent perching and 

than are allowed to f i l l  in naturally. If the culvert's alopa 1s 

greater than I%, either riprap or a baffling ayetern is employed. 

Baffl ing ccnaists  of either a shph concrete weir, removable plates  on 

hangers far simplified maintenance cperations or a variety of cmglexad 

channeling techniques. Regardless of which syatem is used, the culvert 

is usually somewhat oversized to retain its hydraulic capacity fo r  a Q50 

discharge. 

Three s ta te  reaource agencies (Arizona Dapartmant of Fish and Game, 

Mlnneeota Department of Natural Resources and Wisconsin Department of 

Natural Resour~an) reported that they work with highway departments to 

craatm blocks to f i s h  migration, Thi s  is dona to prevent the - 
dootruction of prima upstream fisheries f r c ~  tho invasion of undesirable 

f i s h  epeefes (i.e., carp, lamprey, etc.). 



CHAPTER V 

METHODOLCEY 

This chapter deeeribes t h e  f i e l d  inveatigntion at Poplar Grove 

Creek. It includes an overview of the atudy area, tagging procedures, 

observations of upatream migration, water quality measuresntsnta, and 

measurarnents of discharge and water velocity. The trchaiquae used to 

analyze fish a w m n g  perfomanca and conduct the c r m d  census are a1uo 

presented. 

Project Si te  - - - Description 

The field investigation took place between May 15 and June 1, 1985, 

along Poplar Grove Creek, which is locntod  approximately 23.1 miles 

north of Glennallon, Alaska (Figure 3). The crook's width varies from 5 

t~ 15 feet along itii five-mile length. It flows through a culvert on 

the Richardson Highway at Milepost 138.1 ond then discharges into the 

Gulkana River, which is about 1.8 miles below the highway croraing. 

Poplar Grove Creek drains m estimated 12 square m i l e s  above tho 

highway culvart. Additional dxainaga is located on tho dbwnstr~m oido 

of the culvert. The uppar portion of the drainaqe bas in  is relatively 

f l a t ,  w i t h  scatterad tundra bogs and ponde. After flying over the 

drainaga basin in a fixed-wing aircraft an2 studying arta maps, it was 

estimated that approximately 20% of the drainage basin serves as 

hydraulic stcrage (Travis, 1 9 8 5 ) .  The cxsek's first  three miles follows 

a mcderato gradient of about 0 . 5 % .  However, shortly after crossing the 

highway, the creek's gradient steepens to about 1.2% as the etream flows 

toward tha Gulkana River valley. The stream's caleulutad magnitude and 

frequency of pak diachargea ware estimated by using Lamke's linear 

regraasion method (&suke, 19791, and they are displayad in Figure 4. 

The ~sadieted flow rates are f o r  the 12 square flilss of drainage above 

the highway. 

Poplar Grove Creek experiences long, cold winterfa and short, warm 

s u m m a .  The average January a i r  tamperaturo is -12OF, and the average 

July temperature is 58°F. The drainage basin receives an average yearly 

~recipitation of 15 inches. Daring the f f a l d  irswstigation, the 







temperature ranged from 27OF to 73"F, and a t o t a l  o f  0.09 inches of 

precipitation fell (Gulkana FAA Flight Service S t a t i o n ,  1985), 

Upatream from t h e  highway crossing, Poplar Grove Cxeck is a typical 

tundra braized stream w i t h  r e l a t i v e l y  slow water vefocitieg. Below the 

crossing, the channel becomes more confined, and tha water velocity 

bscomes more rnp5d. The water is humia stainad which is typioal of 

Alaskan tundra streams. The spawning habitat far the Arctic grayling is 

locatad In the headwaters about three milma upatream of t h e  road 

crossing. The shallow lakca and ponds w i t h  connecting streams provide 

excel lent  spawning and rearing habitat .  The AI)F&G Sport Pisherfen 

Division in Glannallsn frequently takes advantage of this habitat and 

stocks the headwaters of Poplar Grove Creek with Axctic grayling fry 

(Williams and Potterville, 1985). The fry grow rapidly during the 

summer and migrate dmst l roam in the fall to ovexwintsr in the Gulkana 

River and Cappsr River drainage systems, 

The Poplar Grove Creek culvert is 110-feet long (skewad to the road 

crossing at about 45 degrees), f ive  feet in diameter and constructed of 

corrugated m e t a l .  It has been in place sfnoc 1953. The o u t l e t  1s 

prched a p p r o x h t e l y  one foot a h v e  the Stream bad. In t h e  middle of 

the culvert, subsiding road materials and traffic load have depressed 

the top of the pipe (Figure 5 ) .  The culvert is positioned on about a 

0.5s slope, and no stream-bed material was present along the culvert's 

bottom durinq the f i e l d  study. A 60-foot by 120-foot s c ~ u x  pool exists 

at the culve-t outlet. The pool depth ranges from about 2 to 5 feet  and 

is a ~opular fishing spot for local reaidants. The ADF&G fish paaeage 

cr i tcr im rqufree a aiexfmum average o u t l e t  veloci ty  of 1.8 fps  during a 

'2.33 
for aaulvert of this length (Figure 2) for Arctic grayling 

~ h s  Mhardson Highway is planned to be reconatruetad w i t h  minor 

raalignmens between Mile 129 and 148 during the 39E7 construation 

egason. Je highway crosaing on Poplar Grove Creak will be rsaligned 

approxfma=ly 300 feet upetream. ADFCG har utigulated as a part of 

their parit process the reutoval of the exist ing culvert and the 

inmtallaton of a drainage structure at the new crossing that  will meet 

their f i n  passage criteria ( L h p i t z ,  1985). The deaign and cost of the 

new strqture is addressed in Chapter V I I .  





The prcject team had originally planned to arrive at Poplar Grove 

Creek on May 1, 1985, which historically was t h e  time of spring thawinq 

and breakup. Howevar, the ~ r o j e c t  area experienced an unusually l a t e  

spring thaw, and tha creak d i d  not s ta r t  flowing until May 12. The 

Glennallsn ADFG Sport Fieheries  Division kept t h e  project tsam in 

Fairbacks informed on s i te  conditions. Finally, the team l e f t  Fairbanks 

and arrived at the  pxojaet site on May 15. 

When the team arrived at the areek, ice.waa still present on the 

atream bottom and inside the oulvert.  Appraxlmately 12 cis was flowing 

over the ice, and the water appeared l o w  in turb id i ty  and color. The 

water temperatuxe was about O°C. 

General Methodology 

The fish paasage project required initiating ~everal procedures, 

It included the capturing of Arctic qrayling downstream of tho culvert, 

tagging the fish according to length, and observing t h e  grayling 

awiming throuqh t h e  culvert at  masuxed water ve loc i t ioo  and water 

quality 1.ramsters. A creel census was patformad at the  scour pool. 

One of the ffret tasks the pro jec t  team had to complete was the 

aelacrion of a dlita far  t h e  eubbesquent capture and tagging of the fish. 

After walking downatream of the highway crossing to the mouth, three 

possitle smpl ing  aites were dincovarad~ a pool about 1/4 mile 

downstream of the highway crossingr the MacPhee and Watts study site 

which is located about 1.2 m i h a  Bownntream from the highway or about 

0.6 mile from tha mouth of Poplar Grove Creekt and the mouth of Poplar 

Grove Creek. With a minimum of al tsrat ion,  a l l  three eites would have 

been ~ u i t a b l s  for n e t t i n g  f i sh .  It was felt that the pool would ba the 

most advantageous place to tag and relsasa migrating grayling becauae 

the f i s h  would haw s u f f i c i a n t  dimtancm to aoclimate to t h e  tag, but 

still would not have to travel a long distance to the culvert. In this 

way, tag lossas would be minimized. The dose proximity o f  the pdnd to 

the Richardson Highway would also facilitate the work of the research 



group. However, an the stream's flow r a t e  began to incxease, the o n l y  
s i t e  whars beach seining would be feasible was at tha mouth, Therefore, 

t h e  capturing and tagging operations ware performed st the creek'e 

mouth. This resulted in'eome inconvenience to the investigators, some 

p t e n t i a l  108s of tags from f i s h  attempting to negotiate the craek to 

the highway croaaing, acd aroma f i s h  ratuxning to the Gulkana River and 

migrating el~lawhsra. 

Aratic grayling wmre captured near the mouth of Poplar Grove Creak 

at the beginning of t h e i r  apawninq migration between May 20 and 2 2 ,  

1985. A sample ~iza of approximately 1,000 to 1,500 tagged fish was 

desired. Some 1,252 f i s h  wore aatually tagged. I t  ahould also ha noted 

that the final population of tagged f i s h  was akowod toward larger e k e s  

because smaller fish ware unable to s w i m  with tho tag. It is assumed 

that a lesssr numbsr of f i s h  continuad to migrate i n t o  the creek after 

May 22. F i s h  were aaptured by dip netting along the creek bank8 with a 

m a l l  landing n e t  from 50 to 200 feet ugrtream of the mouth, Beach 

seming wan poogible but inhib i ted  by high flow and debria along the 

banks. 

The predicted tota l  migrating population of about 4,000 f i s h  was 

derived from prior studies (MacPhae and Watts, 1976; and Tack and 

Fisher, 1977). MaaPhee and Wat ts  (1976) counted 2,254 grayling from May 

10 to June 5 ,  19731 4,146 grayling from May 10 to June 4 ,  1974; and 

4,237 grayling from May 10 to June 3 ,  1975. Tack and Fioher (19771 

counted 3,722 grayling form Hay 5 to May 30, 1977. However, tho actual 

t o t a i  ~iigrsting population in 1985 may have bsmn much higher than 4,000 

as derexmined from a creel csnaus and observations. Migration is 

discussed later  in t h i s  report. 

Fish were nattsd between lor00 a.q. and 6100 p.m., and immediately 

transferred to holding psna in a side channel of the creek near the 

mouth (Figures 6 and 7 ) .  The holding pens weze two 30-gallon Rubbemaid 

trash cane perforated with 3/8-inch holes. These "lfve boxesM were 

weighted to the stroam bottom w i t h  rockn and sandbags. To minimize 

mortality, only a f e w  f i s h  were maintained in the gma, Fish were 

indhidual ly  fransferrad from the pens usinq wool glovaa to a measuring 

cradle which consisted of a two-foot plywead box lined w i t h  foam rubber 

and a measuring s t i c k  along its bottom. Fork length was quickly 



Figure 6 .  V i e w  of t.e~i(porary weir and compLing site. 

Figure 7. V i e w  of tagging opcrat4on. 
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measured to the nearest quarter of tl11 inch. The fish were then tagged 

through the base of the  dorsal f i n  and relnaaed. To prevent the 

downstream movement of tagged fish, a temporary weir wae construated 

from nar.dbaqa and wire mesh, approximately 20 feet downstream of the 

sampling area in the s i d e  channol. Fish were released upatreum of the 

w e i r .  W,ce a fish entered the ma5n chnrcel ,  it aocld either ~roceed  

~zpst,rearn or move aownatrcm i n to  t he  Gulkana River. Due to high 

velocft iea,  L t  is thought that some smaller fish were unable to gwim 

upstream initially. T h i s  was subsoguently corifirmed by observing 

out-migxcting tagged f b h .  

The tago for this study were 3-3/4-inch, t h i n  ylaetic streamers 
appro xi mat el^ 1/8--hch in width (Flay Tag and Manufacturing, Ine., 1984~ 

Model FTSL-73) (Figure 8) . While originally designed f o r  use on shrimp, 

t he  tag was nelected because of its conf igura t ion  and light weight. 

Fiyur-e 6, Floy stream tag Model FTSL-73. 

-31- 



Tags were c o l o r d  t o  differentiate group sizes: orange, six to nine 

ir~ehsr } and yellow and b lue ,  greater than nine i n c h e s .  Tag colors  w e r e  

selected ta enhancm v i s i b i l i t y  in colored, turbid water. Although the 

color  selection was Limited, better choices might be possible. Fish  

smaller than s ix  inches ware originally going to be tagged w i t h  the 

yellow str@amera. Several small f i s h  wexe tagged but they were having 

ccnsiderable difficulty ir! swimming with thb tag in high-velocity water. 

Thus, the tagging of small f Ash (la=. than s i x  inch..) was suspended. 

The tags were net consecutively numberad because it was anticipated 

that recapture was not necessary and the a o i e n t i f i c  sampling permit did 

not allow recapture. 

The subject of recapturn became an important issue later in the 

project. In planning for the study, it uae attempted to devise a visual 

observatian process whexe'recapture of the fish would not be necessary. 

This was done for two reaeonsr (1) a simple observation process was 

desirad, and (2) AtSFCG felt recapture could place ucdue stress on the 

f i s h  and advised against it. Therefore, based on the advice and 

reccmendaticn of hDFSG, recapture was not proposed in the permit 

a~~licatfon, exaspt sa a cantfngency (Tilsworth, 1985a and 198Sb), 

The tag was inserted i n t o  t h e  base of the doraal fin via a needle 

which detached from the taq once it wao in place, A few (10-20) f i s h  

wera tagged in the adipose f i n ,  but t h i s  method proved to be inefficient 

and damaging to the fish, and so th i s  mathod was discuntinued. However, 

several f i s h  arrived u~straarn a t  the culvert with taqa in the adipose 

i n  Instructions ware imprinted onto the tag requesting anglers to 

return the xeaovered tagm to the Glennallan Sport Fish Diviaidn of 

ADFGG. Because of ths substantial distance between the tagging area and 

the culvert (1.8 miles), it waa assumed that  the fish had racovaxed 

adequately from handling and tagging to become acclimated to swimming 

with the tag bsfarm faaching the highway crossing. 

Observing Syimminy Parformancs - . -  _ _ * - *  * . - -__- 

Observation~ cf tagged grayling were facilitated by us ing  

"flaohboards" positioned cn the stream bottom at the i n l e t  and outlet of 

the culvert .  The flashboards were fou r  by e i g h t  feet and wera 



constructed from 5/8-inch, all-weather plywood which was painted light 

gray. Fish swimming over the boards i n t o  and out of the culvert  were 

more easily observed against t h e  light background. There was some prior 

concern t h a t  the turbid and humic-stained water woule interfere with 

observations. Howaver, tho flashboards d i d  enhance visibility, and the 

f i s h  and tags were claarly v i s ib l e  xo they passed over the flaahboards. 

Fish were counted as they swam over the flashboard i n t o  the 

culvert. Fish that swam into the culvert were recorded as attempts, 

Fish  t h a t  swam back out of the culvert were recorded aa failures. 

Counts w e r e  mada from 2:00 p.m. to 8100 p.m. from May 31 to Juno I. 

This tima period generally corresponded to warmer daily water 

temperatures and the time when most of the migrating fish atte~ptsd to 

paas through the culvert. 

Individual tagged f f r h  antering the culvert were recorded swimming 

through the  pipe by observars located at each end of the pipe. These 

obacrvers uaad two-way radio8 and a stop watch. !Phi$ procedure 

permittad timing of a fish as it negotiated ths culvert. 

Water Quality Maasurements - * .  - 

Water quality parameters were m n i t o r a d  daily from tho scour pool. 

Dissolved oxygen and apparont color were determined with a Hach DR-EL/4 

water te s t ing  kit, Turbidity was monitorsd w i t h  a Hach Model 1680C 

portable  turbidity kit. Tbnlperature in degrses Celsius was mtsnsured 

using a pocket thermometer. 

Water Valocfty and Discharge Maaauremsnts . - - -  -. . - " - -  --.*,---- 

A staff  gauqa was i n s t a l l e d  about 20 feet upgtwaam of the i n l e t  an6 

read daily. Water velocity profiles were taken at the culvert o u t l e t  a t  

least once d a i l y ,  depending on the fluctuating vatar levels on the staff 

gauge. VeLocities were measured to thc nearest tenth  of a foot per 

second ( fps )  with a Gurley meter attached to a wading rod. Several 

attempta wera made to measure va loo i t ias  with a Maroh McBirnsy 

electrornagr.etic current meter. However, the Marsh McBirney correlated 

poorly with the Gurley meter reeults when sub-jected to velocities 



greater than 4 fpr, so its use was discontinued. wellan and Kane (1983) 

desaribsd similar discrepancies at f l o w  rates above 4 fgs. 

The average velocity waa found by taking an average of the 

centerline v e l w i t y  profile. The vs loc i ty  pro f i l e  was generated by 

meaeuring the velocity of tha water column at t h e  following increments: 

surface, 0.2 depth, 0.4 depth, 0.6 depth, 0 . 8  depth and the bottom of 

the culvert. 

Periodfa "chipn teats were performed at the culvart and along the 

stream. A chip test is a method of s s t a a t i n g  the w a t e r  velocity by 

notinq the  ti- it takas an object (i.e., an orange) to f loat  through a 

predetermined distance. The estimated water velocity is derived by 

dividing the distance by the t h e  zequired to travel the distance. 
Observaticns indicated that t h i s  test d i d  not produaa reliable reaults 

when performed during high flowa. The orange waa obnsrvad to be trapped 

along the top of the culvert for a period of time before exiting the 

pipe. Therefore, i t a  use f o r  e a t h a t i n g  flaw in the culvart wa8 

diacontinued. 

The dincharge rates through t h e  culvert and atream were found by 

multiplying the average asntsxlfne water velocity (derived from Gurley 

meter readings) by the cross-sectianal area of t h m  pips or channel that 

wae occupied by water. The discharge rates for the culvert ware 

recorded d a i l y  . 
Velocities ware o f t e n  d i f f i c u l t  to obtain w i t h  the Gurley meter 

when t he  averagm outlet valoaitiea excasdd 9.5 fps. During these 

eases, when the depth of flow in tha pigs ranged from 3.0 to 3.5 feet ,  

the average o u t l e t  velocities were entimated by t h e  following equation. 

v average outlet velocity (£pa) 

X - depth of flow at the culvert outlet  (ft) 



The equatian waa derived by correlating previously messurad average 

outlet velocities to corxerponding depth of flow. The correlation 

coefficient ( r )  was 0.99 which indica~es-  a gcod l inear r e l a t i u r - sh ip .  

Creel Census 

A creel census was performed by the investigating team to datemine 

the number of fish removed from the scour pool by local fishermen. Fish 

were measured fo r  apprcximate fork lengths and noted for any tags.  

Rnglers were given an infonniational pamphlet that explained the  project 

and requested their coc-pration (Appendix C). More datailed in format ion  

is provided in Chapter V f .  



CHAPTER V I  

RESULTS 

Taqging Operation 

~ r c t i c  grayling were first observed antering the mouth of Poplar 

Grove Creek on May 20,  1985 at 3 t 3 0  p.m., &an the water temperature had 

r iaen  to approximately lac. Observations, fishing, dipnet t ing  and beach 

se in ing  yielded no fieh in Poplar Grove Creek prior to th i s  time. The 

craakre mouth and the banks of the Gulkana Rivar s t i l l  had ice that w a s  

3 to 4 feet thick. Fish were dignetted from the banks of the creek near 

its mouth fcr tagging, which cornmeed on May 20 as diseusasd in Chapter 

v. 
Table 1 presents da i ly  totals  of f i sh  that were tagged. R t o t a l  of 

1,232 fish were tagged during tho three days of samgling. me early 

migration began with grayling general ly  lcrger than nine inchee and was 

fclloued gradually by amaller f i s h ,  The d a i l y  migration appared to 

peak about 4:00 p.m. from May 21 to May 30 and, in general, coxreapondad 

to peak daily water temperatures which occurred in mid- to Late 

a f t~ rncc~r .  

TABLE 1. Daily tagged grayling in Poplar Grove Creek. 
- +.+ -- - - - - - - - - -. - 

Color 
tags Blue Yellow Orange . Y e l l o w *  Daily 

TOTALS 499 293 460 6 1 , 2 5 2  

* Them fish wera omittad from the sample population afnce the tag 
hampared their e w ~ n g .  



On May 21, at about 5:00 p.m., an ice d m  broke on the Gulkana 
River, soma diratanee u,pstream of t h e  sampling s i t o .  This resulted in 

the release of a large volume of water and ice flowing rapidly down the 

river, forcing the  project team to quickly seek higher ground. The 

flash flood lasted about l / 2  hour until tha river had receded back to 

its original state.  The sampling area h&d h e n  completely inundated. 

Almost 400 grayling had bmmn tagged and releaood upstram of the 

temporary w e i r  in the aids cbannol. Thr wair was destroyed during tho 

flood and it ia unknown if the tagged fish were flumhad b a ~ k  into the 

Gulkana Rivar or continued to migrate up the creek.  

I Observations of Upstream Migration 

Grayling were observed migrating up the creek between May 20 and 

2 2 .  Chip t e s t s ,  correlated later to Guxley velocity measursmernts, 

revealed that the stream surface velocitia averaged bittween 10 to 12 

fpa, and water temperatures at the t i m e  of the velocity rneaaurnments 

ranged between 0.3" to 3.0°C, 

A large number of f i s h  swam near the water surface close to tha 

bank in ordax to exploit thm slower water (Figure 9). A t  timea fish 

were observed wiggling thxough the grasses along the banka as t h e  creek 

began flowing over Lts concise channel. The grayling competed far the  

slower velocity areas along the banks. The larger fish would force the 

smaller f i s h  out of the way and i n t o  tha strean's mFn current, and then 

they continued swimming forward. Most of the f i s h  ware lethargic, and 

the atream temperatures ranged from 0.3 to 3.0°C. Cn several occasions, 

observers wars e a s i l y  able to catch fish with their hander alcrnp the 

banks. 

Tha grayling were first obsented at the highway culvert on May 23 

at 3r40  p.m. It is sotimated that the larger f i s h  took abaut three days 

to swim the 1.8 milso to the highway crossing when thr stream velocities 

were high. During this movement, the  fish proqxessed fonvard at an 

average rate of 0,031 fpm, well below their cruising speed which ranges 

from 1.7 to 3.0 fpa (MacPhae and Watts, 1976). Smaller fish presumably 

took substantially longer to negotiate the high velocities. The first 

arrival9 at the c u l v e r t  were held in the scour pa01 f o r  eight days due 



Figure 9. Grayling along Poplar Grove Creek bank&.  

to excessive culvert out le t  velocities. Figure 10 displays the daily 

diechatge ratsb throuqh t h e  culvert .  The flow peaked at 139 cubic 

feet/second (cfs) on May 21,  at which time the velocity w a s  estimated to 

be about 11 f p ~  (see Figure 1 2 ) .  Therefore, the i n i t i a l  fish ar r iv ing  

at t h e  culvert: c:orresponded to t h e  decrease of the flow rate as the 

hydrograph declined beglnninij Kay 21. 

Figare 4 shows the calculated magnitude and frequency of peak 

diachaxgas fox Poplar Grove Creek including on1.y the 1 2  E q U n X e  milee of 

drainage Srwe t,he hiyhway. In comparinq the  pcak discharye that 

~ a c u ~ r e d  during the study period w i t 1 1  the graph (Figure 4) , 139.1 CER 
should occux about every 20 yearu (Q, 1. Therefore., the study took 

LO 
place during an unusonl ly  high  peak discharya. MacPhee and Watts (1974) 

rttcorr?ed discharge rateir for Poplar Grove Creek at the concrete abutmr31lt 

f a c i l i t y  which was l~cated approximately nna mile downstream of the 



I T h e ,  D a y s  

FIGURE 10 

I 9 8 5  D A I L Y  D I S C H A R G E  RATES ( c f s l  
A T  P O P L A R  G R O V E  C R E E K  H I G H W A Y  
C R O S S I N G  



highway crossing. They recorded peak spring discharges of 67 cfa on May 

8, 19731 196 cfs On May 10, 19741 and 7 4 . 3  cfa on May 14, 1975. Tack 

and Fiaher (1977) recorded an sstirnated peak spring dimchargo of 156 a f s  

on May 7 ,  1977, at the same location. The techniques, procedures, and 

precision and accuracy of theae studien axe unknown. 

Thir raaearch team found a tributaxy flowing into Poplar Grove 

C r ~ a k  about 100 yards upstream of the MacPhse and Watts (1976) and Tack 

and Fisher (1977) work s i te .  Further investigation revealed that t h i s  

tributary crossed the Richardson Highway about 0.7 miles ~outh of the 

Poplar Grove Creek crossing. Due to high flows in both streams, water 

valocitiea could not be measured at their confluence, so respective 

discharge rates could not be determined. Howevar, flow determinations 

a t  the MaaPhee and Watts s i te  along with meaeurements at the Poplar 

Orova Creek culvert indicated t h a t  the tributary was contributing about 

2 5 1  to 30% of the total discharge at the MacPhee and Watts site. In 

addit ion,  map interpretatioc of t he  area revealed that Poplar Grove 

Creak draine an additional t w o  square miles of surrounding terrain as it 

flows downstream of the highway crossing to the MacPhaa and Watts site. 

Tha aontributione of these two sources indicate that the MacPhss and 

Watts site experiences a somewhat hiqhsr flow rate than at the highway 

croabsfng, Thin being the case, it i n  estimated that a peak discharge of 

about 180 afa would havs occurred at the MaaPhes and Watts site on May 

21 of the 1985 atudy. 

Water Quality 

Figure 11 is a graph depicting the water quality va time for the 

acour p o l  during the study period May 23 to June 1, 1985. The maximum 

daily water t m x a t u r e s  ranged from 6.6"C to 12.0QC, and apparent color 

flaatuatmd from 40 to 320 units, Turbidity ranged f r o m  3 N~phelometrfc 

Turbidity U n i t s  (NTU) to 32 NTU. Dissolved oxygen varied from 9.0 mg/l 

at s water temperature of 3.C t o  11.2 mq/l st a water temperature of 

6 . S ° C .  
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S w i ~ n g  Performance 

Fish wmre prmsent in the scour pool when the d a i l y  average cu lver t  

velocities ranged fxom 6.9 fps  to 10.3 fpa from m y  23 to June 1 (Figure 

12.). During most of tha tine, the fish appsared highly motivated to 

swim through the culvert, On occasion, the grayling were obaerved 

hurling themselves i n t o  the aulvezt from aa far back as 5 to 20 feat ,  

with leaps ranging from 2 to 5 feat high. On several  occasion^, the 

number of laaping attempts par five minutes was reoorded. Tha number of 

leaping attempts rangsd from about two per mlnute to a peak of 45 per 

micute, which was recorded at 6120 p.m. on May 2 5 .  The water 

temperature rangad from 8.S°C to ll.O°C. Review of the data indicated 

that leaping act ivity  cornancad w i t h  the arrival of the fish at ths 

scour p o l  on May 23, and the act iv i ty  stoppod on May 30, with a 

substantial decline i n  a i r  temperature and water temperature. However, 

observsd a w i d n g  attempt8 to pas6 the culvert bagan on May 30 when the 

average centerline pipe outlet valecity aubsidad to bmlow 8 fps. In 

sumary,  very l i t t l e  leaping occurred when the water temparature warn 

lea8 than O°C, or before noon or after 0t00 p.m. Activity was most 

granounced when the watsx temperature wae above 10QC and between the 

hours of 3r00 and 7 : O O  p.m. 

The only technique available to the project team to monitor 

succ8saful attempts waa visual observations due to permit limitations. 

In retrospect, recapturu should have been requested as a part of the 

scientific sampling permit.  This would have allowed c o n f i m k i o n  of 

fish passags through tha culvert of fish that were unobserved using the 

visual procedure. On May 25,  a beach seine wa8 wed to attempt to 

capture f i sh  that may have nagatiatod the culvert. NO f i a h  were caught. 

The valocitias and depth of w a t e r  were too excoseive f o r  affsat ive  

seining, This tnffort was supervised by Butch Pottervflle of the 

Glennallen ADF&G Sport Fisheries Diviafon. 

A t  1:35 p.m. on May 26, one grayling approxiorately nine i n e h s t  in 

length was ob8arv.d exiting tho upatream and of the culvext. Ths water 

temperature was near 10.3OC, and the outlat valocity waa 9.2 fpe. Due 

to abnormally high flows, tho investigating crew was unable to determine 

how many f i s h  nrsqotiatod the culvert during these high f l o w  and high 

velocity aonditions. 



Rro fish with ymllow taqo were sLghtad swimming above the culvert 

i n l a t  on May 27, at S t 2 0  p.m. On. of thssa tagged fish was caught by an 

invmatigator uminq a wet fly. The f i s h  m@ad~red 15 inches in fork 

length. 'The water temperature w a s  approximately 12.0°C, and the pigo 

outlet velocity was 8.4  fps. On the same day a t  10:OO p.m. three 16- to 

19-inch longnose auckers (Catoatomus catostomus) were oaen svbmfng near 

the surfaas upstream of the culvert. 

On May 28, 29 and 30, the oulvert: waa closely monitored. However, 

no f i s h  were obasrved succassfully nsgotiating the pipe. The average 

outlet velocitiee were 8.6 fps ,  8 .2  fps and 7 , 6  Fpza, raopsctively. The 

maximum daily water ttmperaturaa were Il°C, 9°C and 8.SeC, respectively. 

A t  approximately 3120 p .m.  on May 31, the first significant number 

of f i s h  were obasrved migrating thrcugh the culver t .  Prior to th i s  

time, the only known f i s h  to auccsasfully nsgotiata the culvert ware 

thoae mantionad on Hay 26 and May 27, 1985. Eighty-two attempts were 

recorded w i t h  only 18 failures (those exiting the outlet). This 

represents a 782 suceese rate f o r  those entering the culvert at the 

outlet a d  e x i t i n g  at tha inlet .  The water temperature wan 

approximately 7.7*C,  and the avoragm outlet centerline velocity wa5 

about 7 . 3  fpa. No tagged f i s h  ware ohserved swlmfng through the 

culvert. All succesaful  fish passing the culvert were observed awimming 

vary close to the bottom of the culvert on entering the pipa, The ADF&G 

Habitat Division does n o t  agree with  th i s  procedure for identifyiny 

auccneaful and unsucceesful attempts. This controversy is discuosmd 

further in Chapter V I f .  

On June 1, the f i s h  began attempting the culvert about 4100 p.m 

Some 1,090 attempts ware aountsd w i t h  5 2  failures. This  was a 95% 

sucaran rate. Tha water temperature use approximately 9.S°C, and t h e  

average outlet velocity was 6 . 8  fps. Again, successful fish were 

observed m-ng at the bottom of the culvert as they antersd the pipe 

a t  the outlet. Once through the aulvart ,  the fish tended to rise from 

the bottcm of the pipe and dart to slower velocity water along the 

banks. Table 2 displays the time required, by tagged f i a h  only, to swim 

through tho culvert. Larger tagged fiah (greater than 9 inches) took an 

average t i m e  of 20.5 mfnutsa to swlm through the culvert,  whila smaller 

tagged fish (loss than 9 inchem) took 28.8 minutes. The time 



TABLE 2. Tim duratione of tagged f i s h  swimming through culvert. 

Number Mean time Range 
Tag color of fish minutes minutea 

-- 
Yellow >9" 4 20.5  11.9 to 27.7 

Blue r9" 3 19.9 11.5 to 27.5 

Orange 9">X>bU 11 28.8  10.8 to 43.0 

ranga for f i s h  successfully negotiating the culvert ranged from 10.8 to 

43.0 minutas. A total  of 18 fish were timed. 

Creel Census 

The creel census was performed by members of the reseaxah team from 

May 23 to May 29 (Table 3 ) .  On asveral occasionm anglers continurd 

fishing in the scour pool late in t h e  evsning (beyond midnight) after 

the invastigativa team left the project s i te .  Therefore, the total 

number of f i s h  removed from the p o l  is estimated to be I O I  mare than 

what wae determined by the creel census, or approximately 2,600 f i s h .  

About 4,180 f i s h  were hooked and landed with nome 1,580 released 

(usually the smaller f i s h ) .  Rough handling of fish war obasrved on 

numerous occasions. By May 26, moat f i s h  larger than eight inches were 

dropping eggs or milt when they were lifted from the wafer by anglera, 

It is a lao  noted that, although the creel census toxminated on May 

1 9 ,  investigators at the sits on May 30 and June 1, noted fewer 

f i shaman and, generally, smaller and fewer numberr of f f s h  in the scour 

pool, On May 30, six anglers were fishing during the time inveatigatora 

werm preaont at the site,  11 f i s h  wsxe caught including one rainbow, and 

on May 31, thrm* anglera kept 24 f i sh .  The record8 for  May 30 and May 

31 are not complota am ragards the creel census, because investigators 

were busy w i t h  othar aoaignments. It i s  also worth noting that May 2 7 ,  

1985, was a Monday (Msmorial Day) and a holiday for many people. This  

may have contributed to increased fishing pressure a t  the scour pool. 

The following day, May 2 8 ,  f i shing a c t i v i t y  was subatantially reduced. 
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CHAPTER Vf I 

DrSCUSSf ON' 

The following chapter discusses the suitability of the otudy's 

techniques for analyzing f i s h  pasaage. 'Pha studyla results are then 

analyzed and compared with thm ADFCG f i s h  paaaago miteria. Tho ADF&G 

fish passage cr i t e r i a  and their development are commented on and 

compared with the approaches of other state  agancies. Finally, the 

economic ramifications of installing hydrologically oversized culverts  

for f i a h  passage are discussed. 

The simple techniques used to observe the percent paooing of f i a h  

during varying o u t l e t  veloc i t ias  appaarsd to work adequately. It 

provided a cost-effective method tha t  did not rsqufrs soghiacicated, 

expenaiva monitoring equigmant. The flashboards materially enhanaad 

viewing at culvar t  out le t  water depths of 2 .2  to 3.2 ft and when 

variable water quality pararnatara ( 3  NTU to 32 NTU, and 40 t o  320 

apparent color units: were experienced during the study. However, if an 

outlet depth of 3 . 5  feet,  high turbidity and high color had been 

oncountexad when t h e  fish were migrating through the culvert ,  soma 

d i f f i c u l t i e s  in obsetving f i s h  and taga would be anticipated. For 

example, on May 26 a grayling war observed exi t ing the upstream end of 

the culvert ( i n l e t ) .  A t  this tine the water turbidity was about 16 NTU, 

and the watar color was about 200 color units. Comparatively, this 

water wae relativaly clear and the depth flow wae 2.6 feet, which d i d  

not  interfere w i t h  our observations. However, as the depth of flow 

increassd bmyond thrms f m m t ,  the a b i l i t y  to observo fiah wan severely 

hindered. During t h e e  of high flow with high turbid i t i es ,  we recommend 

that a small, portable, sidescunning sonar countar be used at the  

culvert inlet to augment the use of flashboards to count f i a h  and 

confirm passaga. 

The tags did not appear to hamper the  swimming abilities of fish 

larger than six inches in length. If studying amaller f h h ,  a smaller, 

alillllnsr tag i a  suggested. The tags were eas i ly  seen as the fish swm 



war the flashboards. Although the colors used were easily 

distinguishable, other colors may provide better viewing (such as white ,  

international orange and red) .  

The study should have been designed to recapture f i s h  upstream of 

tha culvert. This would have allowed the  inveatigativa team to further 

atudy the condition, sexual matuxity and size of fish that successfully 

passed the culvert at various velocititas. Howavmr, the scientific 

sampling permit requested by the inv~atigators and issued by the ADFEG 

Sport Fisheries Division did not allow recapture. If recapturing is 

incorporated i n t o  a study plan,  then the tags should be individually 

numbered. In this way, the awlmning performance, delay time, sexual 

maturity and condition of individual fioh can be monitorad. 

The ADPtG Habitat Division disagrees with tha procedure used i n  

this study to de~ignate successful and unsuccessful attempts (Cohen, 

1985). ADFhG feels that the numbmr of fish in the scour pool must be 

taken into account when calculating the percent passing at a given 

outlet velocity. For example, if after monitoring a d a i l y  migration run 

100 f i s h  successfully passad the culvert w i t h  20 failures, and 1,000 

f i s h  s t i l l  remuin in the scour pool that never attempted to s w i m  through 

tha culvert, thmn the to ta l  prcsnt passing vould be: 100 + (20 + 
1,000) x 100% = 9.8%.  However, based on t h i s  1985 atudy procedure, the 

total percent passing would bat 100 + 120 = 83%. Solas evidence 

suggests "..,a behavorial tendency of fish to approach and f l a s h  t he i r  

lateral line across an adverse gressurr gradiant in order to sense the  

optimal point of entry, if any..," (Qtt, 1986). This might be 

interprated to mean that f i s h  may not entar extreme, adverse vo loe i ty  

conditions. Further atudy is needed. This project technique calculated 

the percent panning by dividing the number af succeserful a t t m p t s  by the 

total  numbar of f i a h  attempting tha culvext, resulting in a passage rate 

of 838. 

ADF&G f a d s  that MacPhes and Watts (1976) methodology supports 

their  opinion (Cohen, 1985). MaaPhee and Watts plaaad fish in a holding 

box that  was located at the experimental culvert outlet, Fiah were then 

allowed about 18 hours (1973-74) or 44 hours (1975) to s w i m  through the 

culvert and into a holding box that waa located at the  culvert inlet. 

After t h i a  period of t h o ,  the  number of f i s h  in the ugatxeam box 



represented succmataful attempts. ADFLG maintains that the outlet 

holding box is analogous to the Poplar Grove Creek scour pool and that 

HacPhee and Wattr knew exactly how many f i s h  were attempting t h e i r  

culvert during each experiment. 

After analyzing MacFhes and Watts (1976) mathodology, aeveral 

deficiencies axe notod. Once a fish 8wam through the culvert i n t o  the 

upatroam holding box, there was no mohaniam to prevent f i a h  from 

s w i d n q  back downstream t o  the lower holding box, Since continual 

observations ware not performed, MacPhoe and Watts had no way of knovfng 

if this had occurred. Therefore, MaoPhsa and Watts may have generatad 

lower panning rates than what the fish actually attained. Sacondly, the 

study fish ware netted and placed direc t ly  into the out le t  holding box. 

Although the fish vers held overnight in the holding box to recover from 

net t ing  effects, handling and confinement of the f i s h  may have 

detr imnta l ly  affected the fish's s w h i n q  parfonaance. 

This etudy's in n i t u  methodology is favored because the f i s h  have 

not been recently hafidlsd, and It allows fish to naturally approach and 

attempt to swim through the culvert on their own accord, The technique 

m~nitoru the swimking gerformanca of fish in an actual highury culvert 

situation. 

Several papera racomnd constructing a' resting pool for f i r h  at 

the culvsrt*~ outlet (Metaker, 19701 Evans and Johnston, 1974; Dam, 

1978; and USDA Forest Servica, 1979). Thm pool offers tho  f i s h  a quiet  

place to rest before attempting tho culvert .  The Poplax Grove Creek 

scour pool allows fish to r w t  after negotiating the stsop grades 

downarraarn. Therefore, f i s h  may naturally delay in the pool before 

attempting the highway culvert, regardless of what the culvert outlet 

velocitfas are. 
The culvert warn observed from 10100 a.m. to 4100 p.m. on Juno 2 ,  

1985, and no fish wars obsexved trying to negotiate it. It Fa assumed 

that most of the fish had either migrated or been caught by aport 

f i s h e m n .  This aseumption was supported by the f a c t  that the sport 

fisrhermrn around the scour pool caught only a Pew Piah throughout t h e  

day, Thsrefora, the June 1 observation of 1,038 fish successfully 

negotiating t h e  culvert should have included most of the fish t h a t  were 



residing in the scour pool. However, there wore no further obsentations 

beyond June 2,  1983, so this assumption cannot be verif ied.  

ADFEG's criteria for  a 110-foot culvert (maxFmum outlet  velocity - 
1.8 fps) should allow 75% of 9.5 inch Arctic grayling to pass at 2 . B ° C .  

Yet we obsowad a 784 success rate by various (unknown) size fish at an 

outlet velocity of 7 . 3  fgs and a water tempexature of 7 .7"C.  This is a 

large discrepancy. some successful attsmpts were made by f i s h  less than 

9.5 inches in length. There may be several reasons why f i s h  were able 

to nagotiate euch a high veloci ty .  

ADFsrG f i s h  passaga criteria have fixed, maximum values f o r  average 

cross-aactional outlet velocit ies  for given culvert lengths. We 

observed the f i s h  awinrmhg very clone to the  c u l v e r t  bottom and not 

utilizing the entire watar column. If the Morsel1 et al. (1981) 

V-occupied concept is valid, then the water veloeitias along the culvert 

bottom where the f i s h  were observed swimming were 62.5% of the  average 

croaa-sectional velocity (Xane and Wellen, 19851. This velocity would 

equal about 4.6  fpm when the average veloci ty  wne 7 . 3  fgs. 

A 9 . 5  inch grayling fs'matimated to occupy approximately three 

inehea of tha watar column while swimming through a culvert. If the 

grayling ware assumed to be swimming along the culvart bottom, then 

aquation 4 can be uaed to estimate the average water velocity t h a t  the 

grayling encountered. 

where 

V = velocity of V-occupied ( fps)  a t  depths of 1, 2 and 3 i n c h e s  

from the culvert bottom 

'we 
= 7 . 3  fgs 

Yo - 2.5 feet 



which aquala r 

3.5 fpr at 1 inch depth from bottom 

4.7 Pps at 2 inch depth from bottom 

5.3  fps at 3 i nch  depth from bottom. 

The average of t h e m  generated velocities equals about 4.5 fps.  This 

value compwes w e l l  with t h e  4.6 fps velocity occupied from the Morsrll 

et al. (1981) model. 

The extrapolated maximum outlet velocit ies  for the ADPLG criteria 

were generated from studies of Arctic grayling swimming through 

two-foot-diameter culverr~1. These smaller pipes ~ossess a much smaller 

wottod primtor  than the Poplar Grove Creek culvert and, thun, would 

generate a small V-occupiad zone which the fish may not have been able 

to utilize. 

Drydon and Jessop (19741 observed the V-occupied concept also. 

Thoy monitorsd the auceaom rate of northarn pika (Esox lucius) 

attempting to negotiate a 232-foot culvert, Pike are considered poor 

twhorm, y e t  aoma were observed succtmsfuLly passing the aulvert at 

velocities of 6.0 and 7.1 fps. Dryden and Jsrsop noted that the pike 

ware m e n  swiming along the bottom, and they f e l t  that t he  fish 

utilizad the elower current that exists there to succesmfully complete 

passage. 

The watar temperature probably influenced the swimming ab i l i t y  of 

the pika. MacPhee and Watts (1976) noted that water temgcraturas 

greatly i nf luencad the gxay ling ' s awinrming gsrf ormnnce , which is t h e  

ability to swim longer and negotiate higher veloeitfos.  The swifming 

perfommar of grayling In their study increased about 80% w i t h  an 

incream in tmparatnra f r o m  O* to 14°C. P D F S  criteria are basad on 

passing 758 of 9.5 inch f i a h  at 2.8OC. Fish are poikilothermic, moaning 

that the ir  matsbolfam io dirsc t ly  related to the d i t n t  water 

temperature. A t  2.8'C, fish mmtabolism would be at a lowar rate than 

the study fish, uo tho sxpscted swimming performance would be lower. 

when 789 of the attempts were observed passing through the culvert, the 

water temperature waa 7 .7*C.  



Ths long transit tfmes (Tabla 2 )  exhibited by the tagged f i sh  

sw-g through the culvert sluggcat that resting areas may have been 

available along the bottom. However, t h i s  seams unlikely because of t h e  

high flow rate (65 cfsl and water velocity ( 7 . 3  fpsl when 78% of t h e  

f i a h  passed. Upstream flow conditions suggested the poaaibility of a 

hydraulic jump downstraam of the culvert i n l e t  due to sugercritical 

upatzeam flow. Additionally, tho pipe war an a slight slope 10.5%) and 

was depresasd near the center of the crossing, This would have resulted 

in an elevated volocity f o r  a short section of tho gige. Further, the 

center section of the culvert wan constricted (Figure 5) which under 

selectad flow conditions caused surging i n  the pips and elover 

valocit ieo within the constrioted section of the culvert. The jump and 

surging were confirmed by obaarvationa and use of the chip t e a t .  This 

hdicated nonuniform flow conditions (constant discharge with varying 

veloeftfms) in the pips. It is hypothesized that the f i a h  w e r e  at tho 

extreme limits of their s w h i n g  a b i l i t i e s  with a slow, net forward 

speed, so they used a darting action as they encountered variations in 

velocirima through this pipa. The high m a n  rssidsncs times f o r  the 

f i s h  in the pipe wars cartafnly not expected, and it i a  unknown if other 

inventigators have found mimilar occurrences. 

No correlations were found among the water qual i ty  p a r a t f i r s  that 

were monitored (other than vatsr temperature) and the obaemed s w W n g  

performance of the f i s h .  The frequency of leaping attempts i n t o  t h e  

culvert a~peared to ba related to water temperature and t i m e  of day, and 

may aleo have been influancad by spawning motivation and other  factors. 

During the eight days that the fish were downstream of the culvert, 

about 50% of tha axptctod grayling population was removed by sport 

fimhmnnon: 4,180 finh were caught and 2,341 f i s h  were kept. Of the 

romaindmr, almoet a l l  had h e n  hooked at least once. Bacaufae of thie 

and tha vulnerability of the f i s h  to fiahing preasure under these 

conditions, it is recommendad that RDF&G cnnaider emergency closuro to 

sport fishing in areas such as Poplar Grove Creak during unuaually high 

flows. 

Pryden and Stein (1975) mggeet f i s h  migrating upstream should n o t  

be h e l d  below a culvert fo r  more than three days. This project for the 

moot part supports this conclusion. The study f i s h  appeared viable and 



energetic for the untira eight days of delay despite the rough handling 

they endured by sport fishemen. However, by my 26 -- only thxee days 

after their arrival at the culvert -- moat of the  larger fish that wora 

caught were dropping eggs or milt when handlad by fishermen. Another 

five days lapaad before significant numbers of fish were able to swim 

through the a d v e r t  and continue their journey almost 3.5 milea to their 

spawning habitat. Tho effects  on egawning ara unknown. 

If the number of recaptured tags is any indication of the total  

population of Arctic grayling i n  Poplar Grove Creek t h a t  migrated 

upstream during the study period, then the  estimated population was 

about 19,156. This number was found by the following xs lat ionship .  

where 

T a e s t h t a d  tota l  ppulat ion  

M = total tagged f i s h  (1,252) 

C total f i s h  retained by sport fiahing (2,341) 

R - total tagged f i e h  retained by sport fishing (153). 

By comparing the estimated population with population counts Prom 

past etudies IMacPhea and Watts, 1976; and Tack and Fisher, 19771, this 

seems unusually h i g h . -  This high estimate was problbly due to tha loas 

of tags or tagged fish from tho atream. Thera are several poesible 

rmasons for the high tag losses. When the sampling site was flooded a t  

tho craskts nmuth, ravaxel hundred tagged fish had been relsaeed just  

uprtraam of the weir. The flood could have f l u r h ~ d  than back i n t o  the 

Gulkana Rivmr. The tagged f i eh  also had to awim 1-8 miles upstream to 

the highway crosnfng, and the tags could have f a l l e n  off while 

negotiating the high etraam valocitiea, An abnormally l o w  number of 

orange tags was rocovered and observed. Thaaa orange tags wora for 

emallex fish that were betwasn 6 and 9 inches long. If a progortionate 

number of orange tags had been recovered that were comparable to the 

blue and yellow tags, t h i n  would have been about 117 tags as opposed to 



17 tags. The estimated t o t a l  gopulation would have been 11,585. Thie 

is still a relatively high population estimate. 

An a3ternativs method for estimating Poplar Grove Creek's 

populations ia proposed. By adding the t o t a l  number of fish that was 

estimated to ba removed from the scour pool by fishermen (2,600) to the 

total number of fiah ob~erved migrating thrauqb the culvert (1,120), a 

rough estimate of 3,702 indivicluala is derived. This  sstirnata 

corrslateg wall with past atudies. 

~pproaches to Fish - - Passage Criteria 

After analyzing the development of the SPCO (State P i p e l i n e  

Coordinator's Office) fimh passage formula (equation I ) ,  it is felt that 

the dependent and indrpendsnt values may n o t  have been designated 

correctly. The dependent variable (y-value) was designated to be the  

average cross-sectional outlet veloci ty  (v) . The independent variables 

(x-values) were designated to be culvert length,  fork length, water 

tomgerature and percent passing of a spscffied length clam. The 

~acPhee and Watts (1976) data showed that percent passing was dagsndent 

on velocity, culvert length, fork length and temperature. Tharefore, 

percent passing should have been the y-value and the  outlet veloci ty  

ehould have bran the x-value. The multiple linear stepwise regression 

program should have been run differently to reflect Ehia change. This  

interchanq~ cf variables may explain some of the large variability t h a t  

Arctic Hydrologic Coneultants (1985) found to be present in the SPCO 

fish passage formula. The data analysiu ahould bo raoxaminad 

accordingly. 

The SPCO f i a h  passage formula ha8 a l imi ted  data base. The formula 

was gmnorated from only one study (MacPhee and Watts, 1976). This study 

analyzed the succaas rate of grayling uwfmming through only one diameter 

culvert ( 2  feet) .  The handling and confinement of the grayling during 

the MacRhea and Watts study may have adversely affected the fish's 

s w i m l n g  performance, 

If the SPCO f i s h  paeslaqe formula (equation 1) was usad to determine 

the size of f i s h  (for length) that could attain 78% paesage through a 

210-foot culvert at 7,3 fpa w i t h  a water temperature of 7.7OC, the 



resulting fork length would be abaut 60.7 inchss -- a phyaical 

improbability for Arctic graylirrg. Correspondingly, f o r  7 .Y°C,  110-foot 

culvmrt, and a fork length of 9.5 inches, the velocity nacessary to paas 

78% of t h e  fish ghould have been 2 . 5  f p s .  If the  following values are 

wed -- 7,7'C, 110-foot culvert, a fork length of 9.5 inches and a 

velocity of 7.3 fps -- the darived p r c e n t  pasring should have bean 

0.995%. This indicates or predicts that Isas  than one p x c m n t  of t h e  

f i sh  were expected to pass the culvert  under tho notad conditions 

whereas 7 8 1  actually passed. Obvioualy, this is evidence that the ADFCG 

fish passage formula nards further rafinement vith bourdary conditions 

establiahad for limiting valuoa of the equation. 

Figure 13 displays the affects of varying water temgmrature (T) an 

the derived average culvert outlet veloeitiea by ueinq equation I and 

setting the culvert length (CL) equal to 100 ft, the fork length (FL) 

equal to 241 nma ( 9 . 5  in), and the percent passing (PI equal to 752.  The 

graph shows that the dorived ve loc i t ies  range from about 0.5 fps to 2.0 

fps with a chanqa of water tamperatura from 0°C to 20°C. 

Figure 14 diaplays the effects of varying P on the derived average 

outlet velocitias by usfng equation 1 and setting the CL = 100 ft, FL 

241 m, and T - 2,70°C. The graph shows that the derived valocit iea 

range from about 4 . 0  fpa to 1.7 fps with a change of P from 0% to 100%. 

AccorZing to this  formula, no 9.5 in fish are expected tc pars a 100 ft 

culvert when the water velocity exceeds 4 ,O fps and the water 

temperature is 2.7S°C. 

Figure 15 displays t h e  effects of varying FL on t h e  derived average 

outlet velocitiss if equation 1 is used and CL 100 ft, T. - 2.78OC md 

P - 75%.  Tha graph mhaus that the darlved velocities range from about 

-22.6 fpu to 4.7 fps, w i t h  a change of FL from 0 m to 600 mm (24 .6  in). 

According t o  thia formula, f i s h  leas than 91 nm (3.6 in) would noed the 

assistance of forward moving current (negative velocity) in order for  

75k of this size range to paam. Obviounly, a negative velocity would 

not b. nsceesary far a 91 m f i s h  to paas thxough a culvert. Again, 

this illustrates the need f o r  a boundary aondition fo r  the equation. It 

ahould be noted that MacPhae and Watts (1976) included a group of 

grayling in the size range of 81 to 100 mm, whereaa tha smalleat fish 



CL 100' 

FL 241 mm 
P 7 5 %  

V = 1.5175+0.786 log (T) 

FlQURE 13: AVERAGE CULVERT CENTERLINE OUTLET 

VELOCITIES GENERATED FROM EQUATION I 

WlTH VARIABLE TEMPERATURES 





Fork Length (mm) 

FIGURE 13: AVERAGE CULVERT CENTERLINE 0 UTLET 
VELOCITIES QENERATED FROM EQUATION 1 

WITH VARIABLE FORK LENGTH 



used by Axctic Hydrologia Consultants (1985) in developing the SPCO 

equation wan 96 m. 

Although outlet vslocitias are ADF&G1s primary c r i t e r ion  fo r  

issuing or denying a construction permit to place a drainage structure 

in a stream that provides f i s h  habitat, other factoru can be taken i n t o  

consideration. Thoso include deprmsrinq the culvert invert below the 

stream bed (presently required by ADPLG), installing the culvert  along 

the natural stream gradient, timing and type of instal lat ion.  

Thr l i teratufa march found that in areas where development and 

resource agencies agreed on fish passage criteria, critical autlot 

velooitieo were a secondary factor in approving a culvert design. The 

design and funation of a proposed structure were considered the c r i t i c a l  

aspects of culvert design. For example, inatead of stipulating that a 

structure must not axcard an outlet velocity of 3.0 fps, many states 

dictate that the structure have a hydraulia capacity dmsignmd fo r  a Q50 

discharge. Tha.cu1ver.t muat also be installed along the natural atream 

gradient with a depressed culvert invert of about 1.5 feet below the 

rtream bed, For stxeama with gradienta fn excoos of 15, cost-affective 

baffling systems arm recomnded. Many agencies recognize the 

variability and the large number of environmental factore that affect 

the swimming performance of f i sh .  By daaigninq culverts that provide 

uniform flow w i t h i n  correctly poslitionetd structures, fish are able to 

negotiate a wide range of outlet velocit iea.  

After analyzing th is  study's resullt~,  a prominent question that 

needs to be addreseed is whether the exist ing Poplar Grove Creek culvert 

is inadequate for f i s h  passage. Baaed on ADF&G1n specification that 758 

of 9.5 inch f i s h  p e a  at a Q2,33, then the Poplar Grove Creek aulvart FB 

accmptable because it passed 782 of the population entering and exiting 

tha culvart at appxoximatdy 65 cfs, which is about a Q diacharga. 
3 . 3  

However, this ignores the eight day delay in tho scour wal caused by 

high velocitiea. Further, the existing culvert ham structural flown 

which can only be corrected by replacing tha culvert with a new p i p  and 

pruperly positioning tht culvert along the atream bad. This would 

probably improve flow conditions within the p i p  and may allow even a 

greater percentage cf attempt8 to paoa. However, tho changing 



velocities with the present pipa might also provide for  res t ing sections 

along the length of t he  pipe. 

Tho Poplar Grove Creek culvert was designed to handle a Q 2 0 
discharge with a headwater depth to culvert diameter ratio tHW/D) of 

about 7.5/5 or 1.5. These specifications were the highway design 

etandarda when the culvert warn installed in 1953. The investigation 

noted the headwater peaking about 3 feet above the top of t h e  culvert, 

which results in a W/D = 1.6 at the eot imatd  discharge of 

approximately a Q flood. 
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The existing 5-foot-diameter culvert is estimated to produce an 

average aulvert velocity of about 5.0 fps fo r  a Q 
2.33 

(45  afas) (Baxber, 

1986). To correatly d z s  a culvert for a Q diseharge (205  ,cfs) w i t h  a so 
HW/D r 1, the required dimetar is estimated to be about 7 feat (Travis, 

1985). Thfa culvert diamater would generate a culvert velocity of about 
4.8 fps for a Q2.33 (Barbr, 19861, based on the existing elope. The 

ADFCG criteria, however, provide for a maximum velocity of 4 .52  f p  at 

Effects of Increasfy-the Culvert Diameter 

A common approach to solving anticipated high culvert outlet 

velocities is to prescribe a larger d i m t s r  culvert. However, as a 

culvert diameter inarsaans, the effect on reducing the outlet velocity 

decreases. Figura 16 i l lu s t ra te s  t h e  relationship between culvert  

diameter and culvert  outlet velocity when encountering the Q ~ . ~ ~  for 

Poplar Grove Creak (45 cfs). 

According to Figure 16, the culvert outlat velocities dacrnaee 

quickly to 4.1 fpa aa the culvsrt diameter incresses to about 3.8 feet ,  

and then the veloci ty  sharply lncraaeas to 5 fpe. This is due to the 

culvert baing mubjmctmd to discharges greater than i t o  hydraulic 

capacity when the diameter is leas than 3 . 8  feat. Therefore, c u l v a r t ~  

w i t h  these small diameters develop a hydrostatic head o f  water at the 

inlet whioh creates aacaleratad valocitiee at the out le t .  A t  a diameter 

of 3 . 8  feet, the culvert is completely full with a HW/D = I. A t  this 

time, the volume of water moving thxough the pipe is subjected to drag 

forces from the entire circumference of the culvert. Therefore, the 





' culvert is exhibiting i t s  maximum watted perimeter and drag force 

against the flow of water, which slaws the outlet v e l o c i t y .  

The 5-foot-diamter culvert generates the highest velocity of about 

5 , O  fps. As the culvart diameter increases to 10 feet,  the outlet 

velocities change very littla. The graph shown a 10-foot-diameter 

culvert will groduco an outlet veloci ty  of about 4 - 7  fps. 

Am t h e  diameter of the aulvert increasaa, the depth of flow in the 

culvert decreases, Figure 17 diaplaya the relationship between t h e  

depth of flow and increasing culvert diameter fo r  a discharge of 4 5  cfs. 

Mthough large diameter culverts may allow for aomewhat slower 

velocities, they may bacoms migration blacks a t  lower flows duo to low 

depth of flow within the culvert which could occur during o u t - ~ g r a t i o n  

pariula. In areas where there is a.wids variation batween peak flows 

and summer baseline flow#, considaration should be given to low flow 

f i s h  paasage nssds. 

In summary, it is not posaible  to achieve the ADF&G maximum 

alZowable velocity for the 5-foot pips  at Poplar Grove Creek for a 

*2.33 
. The lowest velocity attainable is 5.0 f p s  (Figura 161 w i t h  a 

depth of fLw of about 2.3 feet. In order to approximate t h e  ADF&G 

required velocity (Figura 2 ) ,  a 40-foot Ianqth of culvert would be 

necessary and a dimster of 10 f a s t  would be required (Figure 16). 

The rnplacemant coats per l inaal  foot  for various culvert dimsters 

are shown on Figure 18. These values reflect the actual cost In 1985 

dollars for pipe matcxials and installation for highway project8 in the 

interior ragion of Alaska (DOT&PF, 1985). The graph doaa not include 

the cost of cccstructing additional structures that may be associated 

with culverta ( i . 4 . ,  rataining walls, 6cour aprons, e t e . ) .  

Highway construction enginasrs commonly specify one-pfmce, 

coxfugatd metal, p i p  (CMP) culvmrt whmn the raquired diamtar ia 8 feet 

or l m r m .  When the required uulvert diameter fa  greater than 0 f ee t ,  a 

structural steel pipa (SSP) that can be assembled at the project site is 

uaually specified. The reason f o r  t h i s  is to facilitate the 

transportativn of matsrials to the project site w i t h  a minimum cf cost.  

Culverts with diameters of aver 8 f a s t  require special handling and 

large trucks fo r  shipging. 





Source : A1 as ka Department o f  Transporta  t f o n  
and Pub1 f c  Facilities 

krthern Region 
Actual  Bid Tabulat-fons (1982-1985) (Calculated f n 1985 do1 l a r s )  

FIGURE 10: 

COST PER LINEAL FOOT VS CULVERT DIAMETER 



The increaee in coet/lineal f o o t  is most dramatic between diameters 

of 2 feet and 8 feet ($50 to $4551 .  After 10 f ee t ,  the increase of , 

cost/linaal foot hsg ina  to moderate. 

A 7-foot-diameter culvert is the minimum size needed to page a Q50 

discharge with a HW/D = 1. with this fact in mind when compaxing 

Figures 16 through 10, it is evident that the most cost-affective 

culvert diameter fox Poglar Grove Creek is approximately 7 feet.  Tho 

resulting o u t l e t  velocity for a Q2.33 is about 4.8 ips. This is only 

slightly higher than the valocity generated by a 10-foot-diameter pipe 

of 4.7 fpm during a Q 
2.33' 

Finally, a 7-foot-diamatsr culvert costa 

$140/ l insa i  foot ,  which ia about 1/3 the total cost of a 

10-foot-diameter culvert at $455/lfneal foot. Whather a 7-foot-diameter 

or 10-foot-diameter culvert is used, the estimated average outlet 

velocities exceed the ADF&G maximum velocities of 1.0 fgs for a 110-foot 

culvert (F igure  2 ) .  &en f o r  a shorter culvert length of 40 feet, the 

ADF&G maximum velocity of 4.52  fps fs still exceeded. 

 he highway croasing at Poplar Grave Creak is scheduled to be 

realigned approxfmately 300 feet upatream during the 1987 construction 

season. To attempt to comply w i t h  ADFLG fish passage criteria, a 

50-foot-long, 10-foot-diameter culvert with reinforced headwalls has 

bcan designed (Figure 19). The headwalls support the road embankment, 

which allowe for a shorter pipe length and a higher ADPSG maximum 

allowable outlet velocity (4 .04  fps for a Q 2.33 
from Figure 2 )  . Without 

the headwalls, an 80-foot culvert would be needed to span the width of 

the m a &  fill in the streun. The corresponding ADF&G rrdximum allowabls 

outlet  velocity f o r  an 80-foot culvert would be 3.02 fpa far a Q 
2.33' 

Although the SO-foot-long, 10-foot-diameter culvert will still exceed 

the ADFsrG criteria, ADF&G h&s nccapted the proposed structure (Liegitz, 

1985). If ADFPG had mandated that m & P F  strictly adhere to the  

criteria, then POTLPF would have bcan forced to conarruct a bridge 

estimated to a o r t  about $400,000. 

The anticipated cast for the propossd structure (90-foot-long, 

10-foot-diameter) is approximatmly $160,000 (DOTCPF, 19891. The reason 

fo r  tho  high cost of tha propomed structure is the increased cost for a 

larger d i a m e t e r  p i p  and the increased amount of labor that i s  needed to 

construct the reinforced earth headwalls, the scour aprons and the large 
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FIGURE 19: FUTURE POPLAR GROVE CREEK STRUCTURE 



diameter pip.. A n  80-foot-long, 5-foot-diameter culvert similar to the 

original croesing would cost about $8,000. 

In both cases, neither the 10-foot-diameter pipe nor tha 

5-fcct-diameter pipe would be in compliance with the  ADFsG f i a h  passage 

critsria bacauae of excsasive veloci t ien.  A t  a Q ~ . ~ ~  the larger pipe 

would generate a velocity of about 4,7 fpa, whereas the maximum 

allowable value is 4.04 fpa. The smaller pipe would generatm a velocity 

af about 5.0 fps and the meximum allowable value is 3.0 fps .  

Such exmplea amphasize the nerd for ongoing coordination betwean 

transportation and fisheries aganciea. Obviously, t h i s  is a case where 

better technical data cn the ralationohip between the behavior of the  

"doaign" fish spscias and the hydraulic operation of highway structures 

can produce s ignif icant  cost savinqa. 

Initial data gathered from t h i s  study suggest that a 

5-foot-diameter pipe might be adequate in terms of size and velacity 

requirsmenta, and s t i l l  provide good resource protection-but still be 

in vio la t ion  of existing criteria. Caution i ta  emphadzed, howaver, 

because of the preliminary nature of this project and the need to 

confirm the hypothesis through more detai led study, tkwerthalsaa, the 

isaue is an important one because it could influenca the  choicea between 

a 5-foot-diameter or 10-foot-diammter culvert, or a bridge. The 

examples used denote a potential cost  incraasa ranging from 20-fold to 

SO-fold greator than that required for the smallar culvert, In terms of 

a a i n g l s  occurrence or atream cronsing, tha cost incream may not be 

significant. However, basad on the fact that Alaska has a large number 

of f i s h  passage structures in violat ion of sxiating cr i ter ia ,  the cost 

increase could be substantial. It is emphasized tho preliminary nature 

of this study and the nemd for further avaluation. 

In rupmsry, it is impsrativs that  the fisharias resource be 

protactad and that cost effectiveneea be optimizrd. 

Concluding Remarks 

Alaska is stil l  in its developmantal stage of deriving fish passage 

criteria and technique8 that will be coat  effective and protect the 

f i ahar ie s  raaourcea. Alaska can learn from other states how to addreas 



t i ah  passage issues md improve on then. The underlying foundation f o r  

any c r i t e r i on  in adsquate communication between fishery bio log ie t s  and 

mginmrm. On October 12. 1984, Alaska developed s Finh Passage Task 

Fore8 t h a t  is ccmpoaed of representatives from ADFCG and DOT&FF. Its 

primary purpose is to bridge the ccnmnunication gap between tha two 

agencies and to begin working tcqether to solve the problem of f i s h  

pasaaga . 



This project succsssfuUy used simple techniques to observe f i sh  

passage through a highway culvert. The techniqusa provided a 

cost-effective method that did not require sophisticated, expensive 

monitoring equipment. However, the procedures are still experimental 

and need further evaluation on other atream, aulverts  and f i ~ h  species. 

During this study, the drainage area produced a QZ0 discharge which 

generated high pipa velocitiee (10 to 12 fpsl. Some Arctic grayling 

were able to negotiate a 110-foot-long, 5-foot-diameter culvert when 

flows receded to about 9.0 fpo. A larga portion of the population waa 

unable to pass the culvert for  up to sight days during these high 

velocities and, thus, became highly vulnarable to aport fishing. Moet 

of t h e  remaining fish were able to pasa through the drainage structure 

when the velwity  decreased to about 7.0 fpa at a water temperature of 

7.7OC. 

Undsrsized structures can have a devaatatlng impact on the fishery, 

as evidenced by the unusually high flow rates that occurred during this 

study. Oversized culverts may protect  the fiahexy from these impacts, 

but they may create migration blocks during lower ffowe. A 

cost-effective approach to f i s h  passage would ba to develop design 

criteria that are not based mainly an maximum outlmt velocit ies  but on 

the  hydraulic paramatera of the structure itself. Such parameters could 

include matching the natural atream gradient, depressing the culvert 

invert about 1,5 feat below the strem beU and s i z i n g  for a QSO 

dischargr. b w  flow condition. should be aonsidered for some areas. 

Conclusions 

The following conclu8iona are made f r o m  the study. 



I. ~ h s  visual technique was effective fo r  observing f i s h  and tags 

during the etrmm conditions experioncad when the fish began 

migrating through the culvert. 

2. The visual technique could be improved to make it applicable for a 

variety of stream conditions. 

3 .  The Flay tags (Model FTEL-73) d i d  not appear to hamper t h e  swimming 

abilities of Aratic grayling w i t h  fork lengthe grsatet than six 

inches, 

4. The flashhoarda did enhance the v i s i b i l i t y  of f i ~ h  and tags. 

5 .  The experimental design was not complateLy effeutfve because of the 

study team's inabi l i ty  to recapture f i s h  upstream or dounntraam of 

the culvert duo to permit restrictions. 

6. The sport fishlnq at the eulvart scour pool int~rrared with the 

research activities. 

7. Outlat velocities wore difficult to measure with the Gurlay mter 

when the velocities exeeedsd 9.5 Ips, 

8 .  Tha study was parformed during & Q discharge. Therefore, the 
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results should be viewed w i t h  this fact in mind, and additional 

renearch should be implemanted to confirm these results.  

9. The data gatherd by this study suggest that the existing ADFEG 

fish passags criteria may be too restxictive, ard follow-up atudias 

are reoompnended. Additional studies may provide supporting 

information leading to criteria allowing fox more conaervativs pipe 

oiafng and more coat-effeotive use of public funds, whila providing 

a high dagres of protection to fish resourctm. 



Recommsndati ons 

B a s e d  on the f i e l d  ~ t u d y ,  several  recornendations are proposed for  

f u t u r e  implementation of the study techniques. 

1. If small f i s h  (less than six inehee) are to be tagged and 

monitored, a smaller, alimer tag should be uaecl. Other colors 

than those used should be tried. Colors that  might ba highly  

v i s ib le  in water are international orangs, red and white. 

2 .  Recapturing f i a h  after they have negotiated the culvert should be 

canaidered. In this way, tha exact s i z e ,  physical condition and 

o a u a l  maturity of the f i a h  can b. monitored. If recapturicg is 

going to be done, t h e  tags should bo individually numbered to allow 

the researcher t o  otudy eaah f i s h ' s  individual charaateristlcs such 

as fork length, sexual maturity and when it w a s  tagged. 

3.  During high flows associated w i t h  high color and high turbidi ty ,  

v i s i b i l i t y  m y  beaoma impaired and the flashboards may not be 

effeative visual aids. Therefore, a emall portable side-scanning 

sonar or implanted radio tags In the  fish could be used to augment 

the  visual  observations. 

4.  The capturing acd ragging of f iah should occur within one-half m i l e  

of the culvert in order to reduce tag loas. Howwar, the tagging 

ahould not occur SO closr that the fish do not have tima to 

acclimate to the tag before arriving a t  tho culvert. 

5 ,  The rtudy area around the culvert should be closed to sport 

fishing,  This would prevent losing tagged f i s h  from the  t e s t  

population. ADF&G should also conoider the closure of sport 

f ishing in scour pools below highway culvsrta during periods of 

ur,uaually high flow when fish are migrating upstream to spawn. 

6. ADF&G and DOT&PF ehould work cooperatively during future studies to 

develop a working relationship between fishery b i o h g i s t e  and 



highway engineers. Any future cooperative atudiss with the 

Univmrafty of Alaska-Fairbanks should-include the C i v i l  Engineering 

nspartntsnt and the Alaska Cooperative Fisheries Research Unit, 
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APPENDIX A 

ALASKA STATUTES 

16.05.840 - 16.05.900 



The following laws have been photocopid from the Alaska Statutes 

(16.05.840-16.05.900). Sect ion  16.05.840 st ipulates  t h a t  any peroon who 

builds an obstruction acrosa a atrsm frequentad by fiah muat provide a 

durable and efficient fishwey f o r  f i s h  migration. Sec t ion  16.05.860 

sta tes  that a person who faila to Frovide an efficient fiahway is guilty 

of a rnisdameanor and is punishable by a f ine  for each day the 

obstruction is in the stream. 

Section 16.05.870 protect8 anadromous f i s h  habitats from 

construction impacts and mandatms the installation of f ieh passage 

structures. Thim statute also  describes how to apply for a pe rmi t  to 

c o n s t m e  a drainage structure in an anadramus stream. Saction 

16.05.880 states that a person who fails to acquirm a permit before 

conetruetion of a project is guilty of a miadmaanor, The cost of 

restoring a stream to ita original  condit ion# la mandated to be borne by 

t h e  violator. % 

Sections 16.05.895 and -900 s ta te  t h a t  any obst ruct ion to the 

migration of anadromoua firrh is guilty of a misdemaanor. Anyone who 

violates A . S ,  16.05.870-16.05.895 is gui l ty  of a Class A misdemeanor 

guniahable by a maximum fine of $5,000 or by imprisonment for a m k x h u m  

of one year, ox by both. 



Sao. 16.OBJ331. W a s h  of ralmoa. (a) A penon may not waats 
salmon intentionally, knowingly, or with reckless disregard for the 
cou8equanc~. In thi8 !=tion, "waste" means the failure to utilize the 
mqtority of the carcass, exciuding viscera and sex parts, of salmon 
which are to be 
(1) mold to a commsrcial buyer or prmosaor: 
(2) utilized for consumption by humans or domenticatad animals: ot  
(3) utthed for scfentiflc, educational, or display QUrpOSe8. 

(b) T h e  commissioner, upon request, may authorize other ussa of 
salmon that would be consistent with maximum and wise uss of tha 
rmoum. 

(c) A pemn who violates this section or n regulation adopted under 
it is punishable by a flne of not more than $lO,M)(l, or by imprisonment 
for not more than rix month, or by both. In addition, a person who 
violates this aoction in aubjact to a ctvll action by the state for the coat 
of replacing the salmon waeted. (4  3 ch 99 9LA 1976) 

% v l . o r ' m  note* - Thir matbn wma ennoting td+ntiul lulguagr, took off& on 
rnmctbd in o s c h m  3 of both ch. 8g and ch. A u w t  20. tW1. 
89.3U 1978. Chrptrr 89 had rn lmrndi- CoUmtoral rrfrreaam. - 36 Am. Jur. 
atr d d v m  dab (May 30, 1976). so the 2d, Firh and dame, # 51. 
mation war dndy in aETret when ch. 89. 

Sec. 16.05.835. Maximum length of aalmon seine vssrsls. A 
ealmon seine vssml may not be longer than 60 foot, omcid Coast 
Guard register length, and 58 feet overall length except veasela that 
have flahsd For salmon with seines in waters ofthe state before January 
1,1962, an SO-foot, oficial Coast Guard regiater length vessels. (3 1 ch 
262 SLA 1970) 

Sea. 16.06.840. Fishway required. If the commissioner considers 
it necessary, every dam or other obetruction built by any person acroea 
a stream frequented by salmon or other fish shall be provided by that 
person with a dumble and emcient fishway and a device for efficient 
paaaegs for downstream migrants. The fiahway or devica or both shall 
be maintained in a practical and effective manner in the place, form 
and capacity the cornmisaioner approvan, for which plans end speclflca- 
tiono shall be approved by the department upon application to it. The 
fishway or device shall be kept open, unobetructed, and suppliod with 
a gdtleient quantity of watar to admit freely the paasaSe of fish 
through it. (8 30 art I ch 94 SLA 1959) 

NOTES TO DECISIONS 

SUM in 3outhmst Alaska Cansarvn- a662 (Fils No, 68MA P.2d (1883). 
tlon Council, h a ,  v, Stnto. Sup. CL Op, No, 



%a. 16.05.880. Hatchery rwqubd. If a fishway over a darn or 
obetruction is considered impracticable by the commiasionsr k a u s e  of 
coat, the owner o€ the dam or obatruction, in order to compensate for tho 
lm resulting from the dam or obstruction hall .  at the owner's option 
(1) pay a lump aum aceaptable to the cornmiasloner to the state flrh and 
game hnd; I21 convey to the state a sit+ of  a size satisfactory to the 
comirrimioner at a place mutually satisfactory to both partias. and erect 
on it a fiah hatchery, rearing ponda, necesaery buildinp and other 
facilities according to plans and specifications furnished by the corn- 
missioner, and give a good and sufficient bond to furniah water, tighw 
and necaesnry money to operate and maintain the hatchery and 
rearing pond& or 13) enter into an agreement with the commisrionsr, 
secured by good and sfl~cient bond, to pay to the Rah and game tund 
such an initial amount of money and annual paymenu thereafter as 
the commiaaioner considers necessary to expand, maintain, md 

. operate additional facilities at existing hatchsricsa wi thn  r rrrsonable 
distance of the dam or obatmction. (4  30 art I ch 94 SLA 1869) 

Sea. 16,06.880. Penalty for violating Bshway and hatchery 
requiremento, (a) The o m e r  of a dam or obatruction who fails to 
comply with AS lfl.06.840 or 16.08.860 within a reamnablo time apeci- 
fied by written notice from the commissioner is guilty of a mido-  
meenor, and ia punishable by a fine of not more than $1,000. Each day 
the owner faib to comply constitutes a aeparaw offenrs. 
(b) In addition to the fine the dam or other obstruction managed, 

controiled or owned by a person vioIating AS 16.05.840 or 10.06.860 is 
a public nuisance and ia subject to  abatement, (P 30 art I ch 94 SLA 
1959) 

Sec. 16,06,886. Transplanting of musk oxen. Ths board may 
transplant surpius musk oxen from Nunivak Laland to appropriate 
areas on the mainland of the state, when good managemant practices 
dictate the action. The board ellall determine which transplant siterr 
are appropriate and whether a surplus of animals exista. (9  1 ch 220 
SLA 1975) 

9sc, 10.06.868. Fish health Inspections. Fish health inspections 
determined to be necemary by the department shall be performed by a 
profemional fish health apecialist certified by the fish health saction of 
tha American Fisheries Society. (4 3 ch 110 SLA 1980) 

Sea. 16.05.870. Protection of fish and game. (a j  The commis- 
sioner shell, in accordance with the Administrative Procedure Act (AS 
44.621, specify the various rivers, lakes and streams or parb of them 
that are, important for the spawning, rearing or migration of 
anadromoue fiah. 

(b) If a person or governmental agency desires to construct a 
hydraulic project, or use, divert, obstruct, pollute, or change the nat- 



ural flow or bed of a specified river, lake, or atream, or to uae wheeled, 
tracked, or excavating equipment or logdragging equipment in the bed 
of8 rpdfied river, lake, or stream, the person or governmsntai agency 
shall notif) the commissioner of thia intention before the beginning of 
the conatruction or uw. 

(c) The commiaeioner shall ecknowldga receiving the notice by 
return first daae mail. If the cammisaioner determines that the 
following information is required, the tatter of acknowiedgemant shall 
mquke the person or governmental agency to submit to the c o m m b  
sionet: 
(1) Ul plans and specifications of the proposed construction or work; 
(2) complrt. p1.m a d  apeeificationn for the proper protection of fish 

and game in connection with the constmctfon or work, or in connection 
with the uae; and 

(3) the approximate date the conatruction, work, or urn will begin. 
(dl The cornmimioner ahall approve the p r o p o d  construction, w o r t  

or uee in writing unleas the commiaeioner fmda the plum and npscifica- 
tfona lnadlleient for the proper protection of fish and game. Uppn a 
IInding that the plana and ~peciflcationn are imulliciant for the proper 
protection of Ash and game, the commissioner shall notify the person 
or governmental agency which submittud the plam and speciflcationa 
of that flnding by first clam mail. The person or governmental agency 
may, within 90 day8 of receiving the notke, initiats a hearing under 
A 9  44.62.370. The hearing is aubject to AS 44.62.330 - 44.62.630. 
{ J  31 art 1 ch 94 SLA 1959; am 1 1 ch 180 SLA 1880; am 3 1 ch 132 
SLA 1882; am 4 1 ch 89 SLA 1966; am 44 1, 2 ch 84 SLA 1980) 

Rsvlwr's notes. - Formmr aubwctlon to spcciljr indivldunlly by namsornumkr, 
( C J  of this m r h n  warn rsdrdhd and thr puticular r h m ,  lakw, and atmarm or 
rwrganizsd Into pnsmt aubsacttws (c) parts of thorn within the arm olopsrattons 
and td) in 1983. dsscribd in the nutico which am impor. 

E f h t  of mcndmenC. - Tho 1980 
amendment lnsrrtsd 4 mmma bstwsrn 
"(A9 44.62.010 - 44.62.010)," and "am 
iFj" near the beginning of auktIon,,lar, 
inasrtod "rearing" followin$ the 
spawnin( n n r  the and of r u b t i a n  (.I, 
and &rLld thr l o m r  rmnaining provi- 
slonmdrubnotfon tab. which m d :  "Bmfom 
Ihcrrnkr 31, lBOB, the aprclflntion mny 
k m#k by drsi~at ing m u  within 
which dl rivrrr, Imkss, nnd stmains prs 
~~midsrsd Important tot tL spawnin or ! rnigrrtion of anadromous ilah; prow ad, 
that tho mom lie within 80 miles of thm 
coastlim extrnding h m  Dlxon Entrmcs 
through F.1- Pam to Cap. Msnrhikof. 
inc1udin~ all Ialands rut o f  Falu  Pam- A 
p*rson giving nottcr under (bl o f  thia ssp. 
tlon bsfom Docornbar 51, 106B. mmy, if the 
activlty irn ta t.ka plmx within such a 
dnimmkd m a ,  mquwt the eommiasionsr 

tant for the spawntng and migration of 
anadromoua fish. Upon receipt of the 
rqurnt the camrnlrsionrr 3hall promptly 
maka thr daslgnrtlon," mbatltutcd "fnt 
c l a ~ "  Tor "air" praccding "mail" at  the end 
d tho Bnt sanhnee d rubsscriod (el. sub- 
stitutd the h t  four wntencr in subwc- 
tlon IC) [which w e n  rwtitcsn and 
r.ddgnated a8 rubrrction (dl in 1983 by 
the revimrl for the f o m r  mrurial which 
followed "work or uw will b d n "  at ths 
and of tha lormar s m n d  sentsnct. and 
which read: "and &hall ruquiro thr pwmon 
or governmanta1 spncy to obtain writtrn 
approval Itom him to the s u ~ c i a m y  of 
th. plena or ~pcc~flcationo bafore the 
propard conntrucrlon or UM is bmgun." 

Editor's note*, - Ssction l I ,  ch. 84. 
SLA 1900 providra: "A ~psciflcation mads 
under AS 16.05.8701a) bsfors Juna 19. 
l98O oxpima July 31. 1982, unlora the 



commiwionrr of flah md game 
r w a l u a W  the s ~ i f l c a t f o n  and dater- 
minu that the rivw. lake. Jtnam or p u t  
ofa rivor, lake arstnam b which tbr #pro- 
lflaati0n a p p U ~  Is imporunt  for tho 
rprwning, raaring or migration of 
anrdramow MI." 

Opfnlonm of attornay g m r r d  - Tha 
purpow o f  thia -Ion is to protact and 
c o r n m e  fish md gma and ohw natural 
ram-. 1964 Op. AWy Oam, No. LO. 

A l a h  h u  juridiction lo enforce ib 
tlrh rrrd game laws in national forertr. 
1964 Op. Akt'y hn . .  No. 10. 

Aluka's proktiv* fWI md game laws, 
c s p i d l y  t h t  &ion, complem~llt mthrt 
thrn wAict with Toderal govsmmant 
h n e t i o ~  in artiond Corratr mnd should bm 
r n f d  by both Cdml and a t a k  otllctll* 
IW Op, Att'y Qln.. No. 10. 

Tha Ikpartmwnt of Flsh md Game his 
pstmit jwidfction ovw activithr 
effectiry rnadromour a t n u n r ,  over 
actlvitiw In rtrerma "kagurnbd by fish" If 
thoss 1rtt.r nctivltim wil l  tsrult in the 
p h y s i d  obrtntction of that atmm. and 
over dl land w ~ut lv i t in  within the atrtl 
rrhgm ryrtrm. March 1. 1882, Op. Att'y 
Qsn. 

Thia m i o n  dvma the Deputmmt of 
F l l  and Ouar jurisdiction ovmr nonpolnt 
pilutmt murear adjacent tu clawiflad 
anadromw stromr or thrir tributarirs 
which, rksnt auMcisnt rnltlgnting mma- 
sum, wwld crests a d i m  nnd rubrrm- 
rial t h r a ~ t  to pollution of tha anadrornous 
@ream itsrlf. March 4. 1982. Op. Att'y 
C.n. 
The commirioner d the department o f  

ftrh and gome b r  the power to adopt pro- 
durn1  ruler to implamant t h u  wetion 
and to wtabliah by regulation the #tan- 
dardr undmr wtJah permitr will br isrud 
undar this section. March 4. 1982, Op. 

pollcy can and perhaw muJt br codlfld by 
raylat ion March 4. 1982. Op. Att'y Qn. 

Thm hpmrtmant of Natural RoKlurctn, 
undrr tha authority of AS 41.17.9001d), 
cannot prnmpt tha raplatory authority 
of tha tommiuionrr of flah and game 
undrr thir mtion ovsr nonpoint WUKI 
pollution of anadramow stnamr m u d  
by 10- rctivitiar. MaM 4, 1982. Op. 
Att'y Con. 

Thwa ia no mututor). bamh in rithrr AS 
46.03 or AS 41.17 for implying that thr 
D*partrnent of Flrh and Garndr authority 
over %on-point source pollution" undar 
thir mtioa ir Ilmlrsd by thm mc. 208 pro- 
grrm of h a  1972 F d e r d  Wacrr P o h i o n  
Contrwl Act (PL 92-600). March 4, 1982, 
Op. A#'y h a .  

This -ion would m m  b atlow Ihnt 
the applicant rubmit, emnt id ly .  two 
prmit applientioru - the fltlt b dakr- 
minr whrthrr mru detail& Inquiry will 
k madr. and tlu m n d  tQ obtain the 
n d d  ruthoriution. M u e h  1. 1982. Op. 
Att'y Cln. 

Thr p h m  "pollution* in eubmtlon tb) 
mhould k w a w d  u 4 jurisdlctlonal Inch 
dent dictlnct horn  thr other l i a t d  ~ l b  
or activitln in that rubwction and not a8 
a rplciflc enumeration whkh is to k 
conrtmad b rnodifL and llmlt the rrum 
g o n a d  phrosn. Mmmh 4. 1982. Op. Att'y 
h a .  
The Rmdamrntd quratton concerning 

when a prrmlt !I requirud is whrthar the 
nntura of tho c o ~ t w t i o n  or work i4 such 
u to mnrtituu a *de#irq to pollute," and 
not what the individual hops* will or wilt 
not happen. March 1. 1982. Op. Att'y Can. 

Whsn mad bpthet .  thin rmton and A 8  
16.06.880 ars m licensing nutub. March 4, 
1982. Op. A#'y Orn. 

Thrrr ia no connlct bdwren this section 
and AS 16.10.010. March 4. 1982. OD, 

NOTES TO DECISION8 

M u r e  for gmining pembmlon to 
ford aonbolld dvsr or rtmun. - A 
psmn urklng t4 ford a controlkd river or 
rtremm must flrat give noticr LO the mm- 
rniuiomr and includa In him nottcs sum- 
c l m t  "plmr and r ~ i f l o r t i o n "  w that the 
commluloner will know wh8L ha intendl 
to do, when ha lntrndr to do it, what risk 

he fortram from his activtlles lo fish in tht 
vicinity, and what steps he Intanda to 
undrmke far their protection. The com- 
mlraionrr wi l l  then n v h w  thr notiflcmtion 
and eithrr grant the requart, rrjact the 
appllcrtlon. or rrqusat "full" phm and 
s@flcationa rrquiring the retor Lo go into 
p r b r  detail and rnrwer specific quaw 



Seu. 16.06.880. Conrtruction without appravd prohibited. If a 
pemn or governmental agency bagins construction on a work or 
projeict or uae for which notics ia required by AS l6.06.870 without first 
providing plam and specifications subject to the approval of the com- 
missioner for the proper protection of fl ah and game, and without flnt 
having obtained written apprnval of the commisaionsr aa b the 
adequacy of the plann md spaciflcations submitted for the protection of 
£lab and game, the person or agency is guilty of a misdemeanor. If a 
pmon or governmental agency ie convict4 of violating AS 16.05.870 - 18.05.896 or continues a we, work o r  project without fully corn- 
plying with A3 16.06.870 - 26.06.896, thm we,  work, or project ir a 
publia nuisanae and is aubject to abatement. The coet of restoring a 
specifid river, lake, or stream to its original condition shall be borne 
by the violator and shall be in addition to the penalty impoaed by the 
court. ($ 31 art I ch 94 SLA 1959: am 4 1 ch 180 SLA 1960: am 9 1 ch 
132 3f,A 1962; am 9 2 ch 89 SLA 1B86) 

Crorw rdmmwsm. - For d m l n a l  psn- When r a d  tog~tttrr, A8 lU.06.870 and thir 
rltin, m A 9  16.06.900. section us a Ile~nrlng rtltuto. Mnrch 4. 

Opinlom of akbrnsy general. - 1982, Op. Att'y Uen. 

NOTES TO DECIBIONS 

Prwedura lor g r l d n g  psrnJnlon to 
ford controllsd rtvsr or &earn. - A 

-king to ford a mntmllrd river or 
stream must nrat gtvs notica to tho corn. 
rni~ionsr and includa in his notica dl- 
clont "plaru and sp*ciflcation" so that ths 
commiraioner will know what ha lntmdr 
to do, when hm intend8 to do It, what risk 
ha h r m a  h m  hh m a i v i t b  to b h  In the 
vlelnlty, and what ampa ha lntands to 
undertaka for their proteetion. Tha corn. 
miwfonar will then mvtrw tha noriflation 
and &her p n l  th8 rquwt, ra ja t  thr 

applicatlon, or rrquest "Cull" pluu and 
spwincatton8 rwirtng the actor to go Into 
grntsr dohi1 and mnrwrr ~pclf lc  sum- 
tionm. Schnnbsl v. Stat., Ct. App. Op. No. 
250 (File No. 7273, 863 P.2d 960 (19831. 

Rslratlon of a requart to ford nard 
not bv prwded by I request tor full 
plrnr and speoineatlon~ unlew the corn- 
miulonar l w c b  ~umeirnt Inform~tlon to 
make a d&rmination on tha applicatron. 
Schnnbsl v. State. Ct. App. Op. No. 250 
tFHe No. 72731, 683 P.2d g0O (1983). 

Sea. l0.06.880, Exemption for emergency situatioas. In an 
emergency arising from weather or atream flow conditions, the depart. 
mant, through its authorized represclntativas, ahall isms oral permita 
to a riparian owner for removing obstmctiona or for repairing existing 
atructurna without the neceseity of submitting prepared plans and 
spscffieationa a8 required by AS 16.05.870. (3 31 art I ch 94 SLA 1959; 
am 9 1 ch 180 SL4 1960; am ! 1 ch 132 SLA 1962) 



NOTEB TO DECISIONS 

Q w W  in Schnahl v. SMO. Ct. ~ p p .  
Op. No. 260 (Fitr No. 72731, 683 P,2d 989 
( 1983). 

Sea. 16.08.886. Penalty for causing material damage. If a per- 
son or governmenta1 agency fails to notie the commissioner of any 
construction or use that eauaba material damage to the spawning b d a  
or preventa or interferes with the migration of anadromoua flsh, or by 
neglect or noncompliance with plans and specifications required and 
approved by the commijeioner causes material damage to the 
spawning beda or prevenb or interfirer with the migration of 
snrdromous fish, the person or governmontol agency shalt be guilty of 
a misdemeanor. !O 31 art 1 ch 94 S U  1959; am # 1 ch 180 SLA IWO; 
am B 1 ch 132 SLA 1962) 

NOTES TO DECISION3 

Quobd In Schnabd v. State. Ct. App. 
Op. No, 250 (Fils No. 71733, 663 P.2d 960 
t 1983r. 

Sac. 16.06,900. Penalty for violatiom. (a) A person who violatso 
AS 16.06,870 - 16.06.896 or 16.05.920 or any regulation adopted 
under this chapter i~ guilty of a misdemeanor and, upon conviction, is 
puniahabie by a fine of not more than $1,000 or by imprisonment for 
not more than six months. or by both. A person who violates a regu- 
lation adopted under thia chapter for the regulation of commercial 
fisheries ahall be punished as provided in AS 18.05.720. 

(b) The court shall transmit the proceeds of all fines to the proper 
state oficer for deposit In the general fund of the state. ( 4  33 art I ch 
94 SLA 1969; am 9 6 ch 131 SLA 1960; am § 11 ch 208 SLA 1976) 

NOT69 TO DECISIONS 

Bubrrotloa (8)  11 Urnitad by I t a  temr 
to aonammmardal flrhlng. Thoodors v. 
Stab, 8up. Ct. Op. NO. 306 lFilr No. MO), 
407 P.2d 182 (If&%,, cod. denied. 384 U.S. 
sa1,atrs. ct. m o ,  18 t. ECI, 26647 (19681. 

Sentames upbsld. - The dlltrict court 
WM not cleuly mtrtakan In imposing a 
sentuner of 360 dayr imprisonment with 
270 dayr aumpndd and a flnr of 51000 
r h r  dolendant ontored plma of guilty to 
the rspankchnrprr oikilllng n cow rn- 
ouLof~l lson aad unlawhlly miling mooM 
meat. Schurtet v, Stat.. Sup. Ct. Op, No. 
1306 (Fils No. 291 11, 853 P.2d 925 (19781. 

Trial J u d ~ a  w a l  not clearly mistaken in 
impaling rmtsnu of  thrm rnonthr in jail 
and $800 fine, with half the fins nu#- 
p o n d 4  wherm hunlsr. who #hot and k i l l 4  
r ddsr in I C I O ~  m a .  had prior con. 
victbnn for having s loadd gun within the 
city and r w H s ~  driving which rerultrd 
fmm hb app.rmt offorts to run down a dog 
with hlr car, r e v d i n g  an ahtirocial 
nature warranting morr than the mini- 
mum penaltias. Gottardi v. StPts. Sup. Ct. 
Op. No. 2154 lPlls No. 44361,615 P.ld 626 
(lSB0). 

Applied in Graybill v. 3 t . k  Sup. Ct. 



SEC. 16.05.900. Penalty far viola t ions .  

(a) A parson who violates A . 5 .  16.05.870-16.05.895 is g u i l t y  of a 

Clus A misdemeanor. (b) The court shall transmit the proceeds of 

all fines to the proper $tat@ officer fo r  deposit in tha general 

fund of the state.  ( 5  33 art I ch 94 SLA 1959; d m  % 6 ch 131 SLA 

1960~ am 5 11 ch 208 SLA 19751 am B 19 ch 132 S U  1984) 

Effoct of amendments. 

The 1984 amandmiant, effective July 3 ,  1984, rewrote subsection 

(a) . 
NOTES TO DECISIONS 





k 1 RSJ.iWO. Dirchrvge of indigentr i m p r h n s d  for nonpayment 
of fir. [Rspdsd, # 18 ah 53 S U  1973.1 

9aa 1886.038. Finer, (a) Upon matridon of m offenme, a dsfsn- 
drnt may be wntunced ta pny a fl no as authorid in this section or u 
otherwfsa euthorizad by law. In determining the mount  md m e h d  
of payment of a Rna, tha cow shall take into account the financial 
rswuras of the defendant and ths nature of the burden ib payment 
will frnpors. No defendant may be imprieoned solely b u m  of inabil- 
ity h pay a fins. 

(b) Upon conviction of an offense, a defandant who is not an orga- 
nization may tm m t l n d  to pay, unIm 0th- s-rd in the 
pmvtnion of law defining tha offem, r fin* of no mom than 

(1) $76,000 for murder in the flmt or second degrss, somad m u l t  
in tho first dense, kldnappitq, or misconduct involdng a contmlsd 
mabatawe in the first degree; 

(2) &W,000 for a c i m  A, B, or C felony; 
(31 $6,000 for a daas A mfsdemnnor; 
(4) $1,000 for a c l w  B midamsanor: 
(6) $300 for a violation. 
(c) Upon conviction of an offrow, a defendant that is an mgrnieation 

may br eontend to pay a b e  not e x d n g  ths gmster of 
(1) $100,000; or 
(2) aa amount which is thrw tfmsr the pecuniary gaia rsaIizad by 

the dofondant rs a mult of the offenw. 
(d) If a defendant is wnbaced to pay a an+, the owrt may grant 

pendadon for the payment b be mads within a psrid of time 
or inrpsciflsd installments (8 12 ch l6d S W  1978; am O 17 ch 4SSLA 
1982; am 1 26 ch 143 SIA 1982) 



STATE TRANSPORTAT ION AND 

RESOURCE AGENCY RESPONSES 
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APPENDIX C 

INFORMATIONAL HANDOUT 



Oerr Sport F i rher man : 

Thank you for t a k i n g  time t o  read  t h l s  exo lana tory  n o t e  about our  
"Fimh Pasmagh S tudy . "  F i r s t *  h o u e v s r ~  we u o u l d  J ike  t o  a t k  for  your  

cooperat ion w i th  ua i n  t h i m  * + P o r t .  Your ammi8 t a n c b  can be o f  great  h e l p  
and b o a i c 8 l l y  our rsquemt i r  f a i r l y  mimple. 

I ) .  If YOU r h o u l d  ca tch  a t a g g e d  A r c t i c  grayling i n  Poplar 
Grove Creek ( a n d  you intend t o  keeo t h e  fimh or the  fimh im 
m * r i o u r l y  i n ~ u r e d  due t o  c a ~ t u r a ) ,  pleame t u r n  t h e  t a g  l n t o  one 
o f  our permonno1 n e a r  t h e  c u l v e r t  on t h e  Richardmon Highway o r  
naif t h e  t a g  t o  hOFtOt BOX 479 O Ienn8 l len .  

2 )  S h o u l d  YOU c a t c h  an A r c t i c  g r a y l i n g  but do Q i n t e n d  
t o  keep the f i s h  because o f  mire l i m i t a t i o n 8  or whateverr  and 
the Pimh is not  i n ~ u r e d r  p l u s r e d o  NQI remove the t a g .  
C a r e f u l l y  r s l e a ~ e  the  Q i m h  back  t o  t h e  creek. 

3 ) .  The tag. t h a t  we a r e  using a r e  maall p t a m t i c  strip. 
a t t a c h e d  t o  t h e  u p p e r  f i n  0 3  t h e  f iuh.  They a r e  either ye1 lowr 
blue o r  orangs i n  color and are about 1/8 Inch w i d e  and three 
i n c h e s  l o n g .  They a r e  ~ r i n t s d  ADOTf-8SRfN ADFbOBXd7l3LNALLEN" 
uh i c h  stand. f o r  A 1  amka Depar tment  oP T r a n m p a r t a t  i o n  and Pub1 i c  
Facllitieml Hay 198St Return t o  Alaaka Department o f  Fimh and 
Garnet 8 0 x  47,  Q t e n n a l l a n ,  

Now t o  s x o l a i n  t h e  p u r ~ o m e  o f  this s t u d y .  It i s  co-sponsored b y  
ADOTtPF and the  U n i v e r s ~ t y  o f  hfaaka, F s ~ r b a n k s  i n  cooperation uith ADFLO. 
We w i l l  be c a o t u r i n g  and t a g g i n g  morn* 1000-1500 A r c t i c  g r a y l i n g  dur ing  a 
week l o n g  time p e r i o d .  Theme f i m h  w l l l  be  r e l e a r e d  and allousd t o  c o n t i n u a  
t h e i r  migra t ion  up Poplar Drove Crest and t o  pamr through the c u l v e r t  a t  
the Richardmon Hiqhuay. During the i r  m i g r a t i o n  we u i l l  be m o n i t o r i n g  
mtream flow conditionmt v a l o c  i t y ,  t e m p e r a t u r s ~  uatsr c l a r i t y t  and o t h e r  
uater  quality parameterm. A 8  us1 1 1  we will be a t t e r n ~ t ~ n g  t o  obmsrve t h e  
f i m h ~ m '  mwlmminq abil i t y  a t  h i g h  water v ~ l o c i t y  c o n d i t ~ o n r  v ~ t h i n  the 
c u l v e r t  p r o p e r .  Hoo+fullyt the data  g a t h e r e d  from this study n i l 1  asslat 
ADOTtPF and AOFtO in the  o p t i m a l  design oP highway c u l v e r t s  t h a t  a f f o r d  a 
h l q h  degree o f  p r o t e c t i o n  t o  the  migra t ing  Qisherlsw resources o f  t h e  
State .  

Your p a r t r c l p a t j o n ~  cooperat ion and aaristance u i l l  be m o d  h a l p f u l .  
Oood l u c k  and GOO0 FfSHINO. 

T i m  T i 1  sworth and Mike T rav i r  
P ~ i n c i o s l  I n v e s t l g a t o r r  


