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Appendi x A

Correl ating STP Performance and Operation
to Boston Harbor Water Quality

One of the tasks en route to a cost-benefit analysis is to design and
cost the technical options capable of nodifying, naintaining, or raising the
quality of the environnent in question. The conmplenent to this task is to
coll ect data on the biological, physical, and chemi cal parameters of the
current environment so that the changes to the environnent nade possible by
the different technical options can be quantified. Nei t her of these tasks
was perforned by Meta Systens. I nst ead, technical and environmental data
were collected from existing sources: no new information research (i.e.

engi neering analysis or environnental nonitoring) was undertaken

Correl ating STP operations and performance with the water quality of the
harbor is a conplicated task. The problemis not so nuch that the necessary
data does not exist at all but rather that the available information may not
be collected in forms or manners suited to particular analysis goals. Water
quality data shortcom ngs are the result of |less than optiml sanpling

procedures such as:

o] infrequent nonitoring

o) par amet er sel ections not consistent from one sanpling to
next ;

o same | ocations not repeatedly sanpled; and

o sanmpling not co-ordinated with seasonal, weather-rel ated
tidal, STP, etc. events.
In the available reports the performance information presented for
STP options differs from that presented for CSO options. The
performance of the STPs under the various options is neasured in termns

of effluent constituent concentrations. CSO plans, on the other hand,



estimate the water qualities achievable under various CSO designs as
wel | as reduced | oadi ngs. In order to establish potential water
qualities achievable under the different STP options it was necessary

to describe the dispersion of STP effluents throughout the harbor.

A.1 Influent, Effluent, and Sl udge Characteristics

Periodically, the MDC takes sanples of STP influent and effluent and
conducts tests to determne the conposition of raw and treated nunicipa
wast ewat er s. (See Table A-1.) Using the concentration information fromthis
testing, along with values for total flow volune, the pollutant |oadings to
t he harbor due to the Deer and Nut Islands' STP options, have been
cal cul at ed. The conbi ned | oadings are presented in Section 2, Table 2-1
The know edge of influent conposition enables calculation of the | oadings

fromraw sewage discharges due to STP bypasses.

To cal cul ate annual |oadings frominfluent and effluent concentrations

and fl ow vol ume data

1) mlligrams per liter was converted to pounds per gallon using
(8.4 x 1076) (ny/l) = 1bs/gal

2) the conbined effluent discharge volume of Deer and Nut |slands
was assumed equal to 500 nmillion gallons per day (350 and 150
myd , respectively)

3) concentrations for the individual STPs were weighted by vol unme
of flow for a conbined average concentration equal to
(0.3) x (cont. at Nut Island) + (0.7) x (conc. at Deer I|sland)
4) annual | oading: (365 days) x (500 ngd) x (conbined average
concentration)

Bypass | oadi ngs were cal cul ated from

1) influent (i.e., raw wastewater) conposition: use of this data
probably results in an overstatement of pollutant | oadings



Table A-1.
MDC Treatnent Facilities Current Poll utant

Renpval s for Wastewater Effluents

I NUT | SLAND ! DEER | SLAND
Pol | ut ant : Influent | Effluent | Renoval : Influent . | Effluent | Renoval

- (mg/l) I (mgll) I (Percent) 1 (mg/l) | (nmy/l) | (Percent)
BODg 136. 6 97.0 29.0 150.0 108.0 28.0
TSS 178.3 82.0 54.0 155.5 70.0 55.0
Cadm um 0.0176 0.0119 32. 4 0.021 0.019 9.5
Chrom um 0. 051 0. 041 19.6 0. 147 0.108 26.5
Copper 0.618 0.292 52. 8 0. 246 0. 357 -45.1 &/
Lead 0.104 0.074 28.8 0. 157 0.131 16.6
Mer cury 0. 00199 0. 00120 39.7 0. 00124 0.0011 11.3
Ni ckel 0. 889 0.291 67.3 0.115 0.131 -13.9 a/
Zinc 0.431 0.376 12.8 0.777 0. 488 37.2

| l I I l I

Source:  The BODg and TSS val ues are from Metcal f and Eddy, June 1982. The toxic
netals data are from US EPA (1983) Table 3.2-6 and are for the period Decenber 1975
t hrough Septenber 1977

2/ The negative value of this renmoval percentage may be due to 1) random sanpling
error or 2) a propensity of the Deer Island' s treatnent process to concentrate this
metal in the effluent rather than in the sludge.



since bypasses are often associated with storm events, thereby
diluting the raw wastewater.

2) bypass volune estimates:
ofor Nut Island:&/
Recorded untreated discharges to Boston Harbor

January- August, 1982--2.1 billion gallons over 50 days (0.042
billion gallons/day);

Spills of unknown anpunts January-August, 1982--4 spills
over 8 days estinmated at 0.34 billion gallons (8.0 x 0.042);

Total for January-August, 1982 = 2.44 billion gallons
(0.305 billion gallons/nonth);

Esti mated annual loading = 3.66 billion gallons.

o for Deer Island:a/
Recorded untreated di scharges to Boston Harbor
January- Cctober, 1982--2.2 billion gallons
(0.22 bhillion gallons/nmonth);

No spills of unknown amounts:

Esti mated annual loading = 2.64 billion gallons.

o for Mon Island:b/

Esti mated annual |oading = .258 billion gallons.

Heavy netal |oadings to the harbor from STP sludges were available from

the draft report by Environmental Research and Technol ogy (1978).

A.2 Pollutant Transport from STP Qutfalls

To assess the inpact of STP discharges in Boston Harbor, it is inportant
to know how STP di scharges are dispersed throughout the Harbor. Since
di scharges to the Harbor are subject to diverse and variable conditions, the

wat er quality throughout the harbor is not uniform Variations in quality

2/ cal cul ations based on bypass data from Dumanowski (1982).

B/ More (1980).



may be attributed to bottom topography, currents (directions and nagnitudes),
wi nd, and the | ocation and neans by which pollutants enter the Harbor. STP
di scharge dispersion is not easily correlated with the water quality of the
Har bor . In order to understand the environmental consequences of STP

di scharges, information is needed about:

o transport of STP |oadings via water novenents (current speeds,
volunes of flow, flow patterns, etc.);

o physi cal and chemical interactions of STP effluent and sludge with
the Harbor's waters (decay rates, settling rates, chem cal reactions
which mght neutralize toxics, chemnmical reconbinations how
pol lutants get cycled through the aquatic environnment, rates of
stabilization).

o bi ol ogi cal aspects of |oadings (tolerance of aquatic organisms to
| oadi ngs, pollutant uptake by aquatic organisns).

One form of water quality information available for Boston Harbor can be
called "static data," which refers to nmeasurenents of anbient water quality
at a specific time and location. Water quality information which describes
changes in quality over tinme and the interactions between various el enments of
the harbor (physical, chenical, biological) contributes to a dynanmc
under standi ng of the Harbor's water quality. The problens with the static
data avail able for Boston Harbor could be alleviated with nore regul ar
extensive data collection and water quality neasurement procedures. For
dynanmic information, however, the conplexity of the harbor environnent mekes

it extrenmely difficult to understand all interactions and interrelationships

anmong its elenents.

Static neasurenents ("grab sanples”) of pollutant parameters represent
the contenporary environmental status of the harbor but do not clearly

reflect the inpacts of STP discharges in particular. Not all of the

pol | utant deposits in the Harbor are fromthe Deer and Nut Island' s STPs.



Tests of harbor waters and sedi nents cannot distinguish anong pollutants
whose source is STP di scharges, those deposited prior to STP operations, or
those that were overflowed from a conbi ned sewer. Not enough data has been
collected to nake definitive conclusions regarding discharges and their
ultimate destinations. Such conclusions require a nore rigorous sanpling
endeavor (periodic sanpling, extensive coverage of harbor) and that water
quality sanpling be scheduled in conjunction with sanpling of STP and CSO
effluent to the harbor in order to correlate variations in discharges with

variations in nmeasured qualities throughout the Harbor

Wt hout historical information to denonstrate dispersion phenonenon of
STP di scharges within Boston Harbor, a predictive nodel of dispersion
dynamics is of interest to this case study because it can help to describe
what the future inpacts of a nunber of STP options m ght be. Model s of
di spersion dynanics are perhaps the best neans of determining what will
happen to the effluent once it is discharged from an STP since avail able
enpirical information is insufficient for this task. A few nodel s have been
devel oped to quantitatively explain some aspect of the Harbor which, due to
physi cal or econom c constraints, cannot be adequately analyzed with static
nmeasur enent s. (ne nodel designed specifically to quantify the dispersion of
STP di scharges into Boston Harbor is the DI SPER nodel, devel oped at MT. It
largely relies on water novenent (currents) information to describe
di spersi on. DI SPER itself is based on CAFE, another M T-devel oped program
whi ch nodel s these water novenents. DI SPER has several positive qualities
whi ch suggest that it be used as a reference. Most inmportant is that it was
desi gned specially for Boston Harbor. Its output also seens to correlate
with the relative pollution concentrations neasured throughout the Harbor.
However, this may only nean that the devel opers of the nodel fit it to the

existing situation, and thus it is descriptive but not necessarily predictive



DI SPER s greatest strength lies in its ability to predict volunetric

inflows and outflows fromthe harbor area (across a specified, but inmaginary,

boundary). The npdel's next strongest capacity is its ability to predict
wat er novenent patterns (directions and nagnitudes of flow). CAFE is largely
responsi bl e for these phases of the nodeling effort. Bow STP effl uent

di sperses through the harbor is the task addressed by DI SPER.  \Whet her
pol | utant | oadi ngs nove exactly as does the water is unknown because
settl enent and deconposition in transport, propensities of nmarine organisns

to assinilate was&es, etc., are not precisely understood

The inpact of, for exanple, the ocean outfall diffuser is assessed using
a conservative solute and BOD, a substance which decays at a first order
rate. For the conservative substance, decay and settling rates and
concentrations along the ocean boundary are assuned to be zero. The source
| oading is input continuously and steady-state concentrations are conput ed.
No ot her sources or sinks are nodel ed. The results of this nodeling effort
i ncl uded contour lines of constant dilution and concentrations of ultimate

BOD as increnental additions fromthe treatnment option bei ng nodel ed.

Model results available to Meta Systens for review were run by Metcalf
and Eddy. (A sanple of Metcalf and Eddy's DI SPER out put is shown in Figure
A-1). Met cal f and Eddy suggest that their assunptions tend to be

conservative (i.e., decay rate = zero, settling rate = zero).

The predicted water quality inpacts due to the various STP treatnent
options presented in Section 4 of the main report were made through
conmparisons of the following types of information, often in the form of

mappi ngs:



Exanpl e of DI SPER Qut put

Figure A-1.
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o) ef fluent pollutant concentrations;
o di spersi on nodel output (DI SPER); and
o water quality at various receptors (beaches, recreational
areas, shellfish beds).
The receptor site, Brewsters Islands, is provided as an exanple of the

way the cal cul ations of percentage pollution reduction in Tables 4-2 and 4-3

of the main report were done.

(1)

Current Anbient Water Quality at Brewsters |slands

Fecal coliform (MPN 100 m) 10
BODs (ny/ 1) 1
TSS (ng/ 1) 10- 20
Sour ce: Maps from Region |, EPA, Boston Harbor Data Managenent

System December 1983.

Exi sting Concentration of Effluent

Deer Island Nut Island

Fecal ~coliform 1500 1500
BODg 127.6 105
TSS 121 110

Sour ce: See Table 4-1, Section 4 of mamin report

Exi sting Qutfall Dilution Ratio 500 500 (at Brewsters Island)

Sour ce: See Table 4-1, Section 4 of main report

Exi sting STP Increnental Contribution (Deer and Nut conbi ned)
at Brewster I|slands

Fecal coliform 6
BODg .47
TSS .46

Sour ce: Ef fl uent concentrations (2) divided by dilution ratios (3)
sumred for both Deer and Nut |slands.

Porti on of Anmbient Water Quality not Due to Existing STP

Fecal coliform 4
BODg .53
TSS 9.5-19.5

Sour ce: Current ambient water quality (1) mnus STP contribution (4).



(6)

(7)

(8)

(9)

A-10

Ef fl uent concentrations

Ocean CQutfall Secondary Treat nent
Fecal coliform 1500 1500
BODg 115 30
TSS 86 30

Source: See Table 4-1, Section 4 of mmin report.

Dilution Patio at Brewsters |slands

200 500

Sour ce: See Table 4-1, Section 4 of main report. bt ai ned from
DI SPER cont our maps.

Increnental Contribution from Treatnment Option (at Brewsters |slands)

Fecal coliform 7.5 3
BODg .57 .06
TSS .43 .06

Sour ce: Ef fl uent concentration (6) divided by dilution ratio (7).

Ambi ent Water Quality with Treatnment Option (at Brewsters |slands)

Fecal coliform 11.5 7
BODg 1.11 .6
TSS 10- 20 9.6-19.6

Sour ce: Portion of anbient quality not due to existing STP (5) plus
i ncrenental contribution (8).

(10) Percentage Change in Water Quality (+ inmprovenent/ - degradation)

Fecal coliform -15 +30
BODg - 11 +40
TSS 0 +2 to +4

Sour ce: Current ambient quality (1) minus anbient quality with
treatment option (9) divided by (1).
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Appendi x B

Recreation Benefit Conputations

B.1 Seasonal Swimm ng-Increased Participation

Increased participation in swiming due to pollution abatenment control was

cal cul ated from current sw nmming participation and estinmted unmet denand.
The exanple below is for one pollution control option (CSO controls) for the

swi mmi ng beaches in the study area.

| ncrease in (A (B)

Partici pation % Pol | ution | ncreased

from Pol | ution = Abat enent X Denmand
Beach Contr ol (CSO) (User _days)
Constitution 113, 750 70 162, 500
Dor chest er 236, 000 80 295, 000
Wl | ast on 1, 100, 000 80 1, 375, 000
Qui ncy 63, 560 80 79, 450
Weynout h 0 0 52,910
Hi ngham 0 0 11,100
Hul | 0 0 33, 000

(A) Source: Section 4 of main report.

(1) (2)

(B) I ncrease Demand = Proportion of entire SMSA X Unnet Demand in
Beach (User days) swi mm ng usage supplied by beach User Days
Constitution 146, 250- 178, 750 . 034 4, 258, 801-5, 199, 090

avg = 162, 500

Dor chest er 265, 500- 324, 500 . 062 4,258, 801-5, 199, 090
avg = 295, 000

Wl | aston 1, 237,500-1, 512, 500 . 291 4,253, 801-5, 199, 090
avg = 1,375,000

Qui ncy 71, 505- 87, 395 . 017 4,253, 801-5, 199, 090
avg = 79, 450

Weynout h 47,619-58, 201 .011 4,253, 801-5, 199, 090
avg = 52, 910

Hi ngham 9,990-12, 210 . 002 4,253, 801-5, 199, 090
avg = 11,100

Hul | 29, 700- 36, 300 . 007 4,253, 801-5, 199, 090
avg = 33,000
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(1) Calculation of Proportion of Entire SMSA Swi mming Usage Supplied by Beach

Constitution Beach is used as an exanple. Figures for all other beaches
calculated in identical fashion.

(a) (h)
Proportion of . Tot al
SMSA Swi mming Use = Beach - Seasonal SMSA
Suppl i ed by Beach

At t endance

At t endance
Constitution

. 034 =

325, 000 9, 452, 892
(a) Source: Metropolitan District Conmi ssion and nunicipalities.
(b) Source: See 2b bel ow
(2) Unnet Demand in User Days
(a) . (b o
Unmet user = Percent unnmet x participation In sw mm ng
days demand for days per year
swiming in SMSA

4,253, 801-5, 199, 090 45- 55 9, 454, 892
(a) Source: Departnment of Environnental, Mnagenent, Massachusetts Qutdoors (SCORP),
1976 and di scussions with cities and towns.

(b)

Swi mmi ng = poélu)l ation x (”)proporti on X ave(;;;])e # day
Partici pants SMSA participating in sw mmng trips
9, 452, 892 2,763, 357 .32 10. 69
(i) Source: 1980 Census
(ii) Source: Departnent of Interior, April 1984 (figure is for all US.).
(iii) Source: Abt

Associ ates, New Yor k- New Engl and Study, 1979.
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B. 2 Seasonal Beach Capacity and Current Attendance

The cal cul ati ons above, show estinmated increased nunber of user days due
to pollution control. It is necessary to conpare the predicted increased use
with the overall beach capacity so that the estimates doe not exceed the
known capacity. The exanpl e beach capacity calculation is given for
Constitution Beach. Table 6-1, Section 6 of the main report, presents the
capacity figures for the beaches in the study area.

(A) (B) (©) (D)
seasonal square
beach = feet of __ square feet of persons per day x peak days
Constitution capaci ty beach beach per person turnover rate per season
Beach: 468, 064 264, 000 50 3 29.6

(A) Source: Metropolitan District Commission, Boston, NA.

(B), (O Source: Departnment of Interior, Qutdoor Recreation Standards, 1970.

(D) Source: Department of Environnental Management, Massachusetts CQutdoors
(SCORP) , 1976.

Capacities for all other beaches were calculated in a simlar manner except for
Wl | ast on Beach. The different assunptions used for Wl | aston Beach were 40 square feet
of beach per person and four persons per day turnover rate.

The predicted increased use is added to the current attendance figures before
conparison with seasonal capacity. Table B-1 shows the current seasonal figures for the
study area.
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Table B-1.

Current Seasonal Attendance Figures

| MXC and | MXC and | Bi nkl ey/ | |
I Municipal | Minicipal I Hanemann | ]
| Estinmates | Estimates | Estimate- I | Best
Beaches | 1982 ] 1974 | Logit Model | Range | Guess
Constitution 150, 000 500, 000 1, 258, 571 150,000 - 1, 258,571 325, 00
Dor chester Bay
Castle Island 15,000 15, 000 15, 00
Pl easure Bay 175, 000 175, 000 175, 00
Car son 100, 000 100, 000 100, 00
Mal i bu 150, 000 150, 000 150, 000
Tenean 150, 000 150, 000 150, 000
Wbl | ast on 2,000,000 - 2,000, 000 - 3,500, 000
3, 500, 000 750, 000 2,325,714 2,750, 000
Qui ncy 140, 194 - 140,194 - 177,600 158, 82
177, 600
Weynout h 103,600 - 103, 600 - 108, 040 105, 82
108, 040
Hi ngham 17,650 -
26, 640 17,760 - 26, 640 22,20

Hul | 66, 000 66, 000 66, 00
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B.3 Lower Bound Estimate for |ncreased Participation

Not all the projected increased participation mght occur because of
relatively cold air tenperatures at the beach, which night discourage
i ncreased beach visits even with inproved water quality. The predicted
i ncrease in beach visits is reduced by a factor to take into account air
tenperature. It is derived as follows in order to obtain a | ower bound

estimates of increased participation.

(a) Each day of the summer season is categorized as
o poor (air tenperature & 75° Farenheit)
o good (air tenperature >75° and < 79°)
o excellent (air tenperature 2 79

Air tenperature data is available for sanpled days during the
nmont hs of June, July and August, 1982 and 1983.

Sour ce: Approach suggested and data supplied by Dr. Richard
Burns, Region 1, Environnental Protection Agency, Boston, MA
Cat egori es based on "Wat her Conditions that Lure People to the
Beach" by P. Rosenson and J. Havens in Maritines, University of
Rhode Island, Graduate School of Oceanography, August 1977. Air
tenperature for Boston Harbor area from NOAA, National Ocean

Survey data file.

(b) The percentage of days in each category is cal cul ated based on a
total of 85 days sanpled during the summers of 1982 and 1983.

(¢c) For each category of day a proportion of the predicted increased
participation due to inproved water quality is assuned to take
pl ace. For excellent days all the predicted increase is
i ncl uded. However, the assunption is nade that on good and poor
days only two-thirds and one-third (respectively) of the
predicted increase is retained because the cooler air
tenperatures would tend to linmt the increase predicted from
i nproved water quality.

Sour ce: Based on graph of attendance versus daytine tenperature
for a Rhode |sland beach in "Wather Conditions that Lure People
to the Beach" by P. Rosenson and J. Havens in Maritines,

Uni versity of Rhode Island, Graduate School of Oceanography,
August 1977

(d) Mul tiplying the proportion of days in each category (b) by the
proportion of the predicted increased participation (c) gives
the factor by which the upper bound estimate is reduced in order
to obtain a | ower bound estinmate which takes into account air
tenmperature
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The followi ng table presents these cal cul ations:

Poor CGood Excel | ent Tot al
£75° > 75° and < 79° 2 79°

(a) No. of sanpled days
June, July, August,

1982 and 1983 36 12 37 8.5

(b) Proportion of
days in 1982
and 1983 . 424 . 141 . 435 1.00

(c) Proportion of
projected increase
in participation not
limted by air
tenperature .33 . 67 1.00 -

(d) "Reduction factor" for

| ower bound : (b) x (c) . 140 . 094 . 435 . 669
The total predicted increased participation is nulitiplied by the sum of the reduction
factors to obtain the |ower bound estimate of increased participation. For examnple, the

upper bound predicted increase in participation for Constitution Beach is 113, 750.

The | ower bound estimate is, therefore, .669 x 113,750 = 76, 099.
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B.4 The Conditional Miultinonmi al Logit Moddel, in Brief

This section describes the conditional nultinomal |ogit nodel of
mul tiple site demand. The nmodel works fromthe indirect utility function
for an individual. The utility uij i ndividual i receives fromvisiting

beach j is

Y13 = £(d34055,14) (B.1)
wher e

dij = travel cost (perhaps tinme and distance) for individual
to reach beach |

Sj = characteristics of beach j (perhaps a vector of
characteristics).

I3 = characteristics of individual i (perhaps a vector of
characteristics).

I ndividual i will choose beach j if and only if

Ui > ujx kA (B.2)

Suppose we recognize that the choice process is not perfect, either
because the individual has inperfect information, makes "m stakes” in beach
choi ce, or perhaps we do not recognize all the relevant factors in her

utility function. Then we m ght nodel the indirect utility functions as

Uij—vij+ej (B.3)

wher e ey is an error term capturing the error in the choice process and
Vij represents the neasurable, nonstochastic part of the indirect utility

function.
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Now the probability of individual i choosing beach j is

Piy = prob g uig > “ik) = prob Yvij + ey vig + ek}

= prob ivij - Vik > €5 - ek} k £ 3 (B.4)

McFadden (1973) proved that if ej and egx are independent with a

Wei bul | distribution, then

Pij = eXP(Vij)/fkeXP(Vik) (B.5)

If the nonstochastic part of the utility function, v, is specified to be

linear in paraneters then (B.5) can be estimted using mexi mum |ikeli hood

nmet hods and hypot heses can be tested in that framework as well.

Qur nodel predicts the total number of visits by individual i to site j,

n..
ijr as

wher e n; = the total number of visits by individual i.

In essence (B.6) factors a joint probability nodel into a conditiona
probability nodel. The underlying joint probability nodel predicts the
probability of making a beach visit (instead of, say, going to a novie) and
the probability of visiting a specific beach. Ben-Akiva (1973) showed the
joint nodel can be factored with the inclusion of a particular termin the
total visit nodel. The so-called "inclusive price" (IP) termreflects the

service characteristics of the set of beaches:

Then the total visit nodel can be specified as

ny = g(IPy,Iy). (B. 8)
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Together (B.6), (B.5) and (B.8) pernmit one to nodel how changes in site
characteristics Sj will effect the total quantity of visits and the split
of visits anpbng the various beaches. That is, we estimate the paraneters of
these equations by using the data described above. To sinulate the effect of
a change in the characteristic of one or nore of the sites, use (B.8) to find
the total nunber of visits, (B.5) to find the fraction of the visits which
will be made to each site and (B.6) to deternmine the nunber of visits nmade to

each site

The benefits of the sinulated change in water quality atone or nore
sites can be estimated using a nodification of a procedure devel oped by Small
and Rosen (1982) and adapted to this problem by Feenberg and MIls (1980).
The outline of this procedure is as foll ows. I ncl ude the mnimum | evel of
expenditure necessary to achieve a given utility level in v. Differentiate v
wWith respect to expenditures to obtain an expression for the change in
expenditures as a function of a change in site characteristics. This is a
conpensat ed demand function for the site characteristic. Then integrate this
expression over a change in site characteristics to obtain an estinate of the
wel fare change associated with the change in site characteristics. The
foll owi ng nmakes this argunent nore specific.

Viy = v(d;4,89,11,E) (B.9)
where E is the mninmm expenditure for individual i to obtain utility level v
given all the other paraneters.

Then
B o= . 1 Yv = - 1 IV
S. bV/BEi bsj A bEj (B. 10)

J

wher e )i is the marginal utility of incone.

From Roy's identity A= dV_ /n;. Then, in expectation,
pXe!
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W know Pij from (B.5). Further, specify (B.8) in power function form

so t hat

5 %2

Substituting into (3.11) gives

ot__1
S5 j K > d

To find the wel fare change associated with a change in site

©

3 to S% where the characteristics mght change in

characteristics S
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Table B-2.
Sites Included in Logit Model a/

Site | Site
Nurmber | Site Nane/Location Owner ship
1. Kings Beach (Swanpscott) MDC
2. Lynn Beach (Lynn) MDC
3. Nahant Beach (Nahant) MDC
4, Revere Beach (Revere) MDC
5. Short Beach (Revere) MDC
6. W nt hrop Beach (W nt hrop) MDC
7. Constitution Beach/ Orient Heights (Boston) MDC
8. Castle Island (Boston) MDC
9. Pl easure Bay (Boston) MDC
10. Gty Point (Boston) MDC
11. L & M Street Beaches (Boston) Bost on
12. Carson Beach (Boston) MDC
13. Mali bu Beach/Savin H Il (Boston) MDC
14. Tenean Beach (Boston) MDC
15. Wl | ast on Beach (Qui ncy) MDC
16. Nant asket Beach (Hull) VDC
17. W ngaersheek Beach (d oucester) G oucester
18. Crane's Beach (I pswich) Private
19. Plum Island Newbury Private
20. Duxbury Beach (Duxbury) Private
21. Wiite Horse Beach (Pl ynouth) MDC
22. Breakheart Reservation (Saugus) MDC
23. Sandy Beach/ Upper Mystic Lake (W nchester) MDC
24, Houghton's Pond/Blue Hills Reservation (MIlton) MDC
25. Wight's Pond (Medford) DNR
26. Wal den Pond (Concord) DNR
27. St earns Pond/ Harol d Parker State Forest (Andover) DNR
28. Cochituate State Park (Natick) DNR
29. Hopki nton State Park (Hopkinton) DNR
|
a/

= Based on Data collected by Binkley and Hanemann, 1975.
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B.5 Beach d osings

Beach cl osings were cal cul ated using seasonal attendance and water
qual ity data. They were calculated for water quality levels greater than
200 and 500 MPN/ 100 m fecal coliformand, in certain cases, for 700
MPN 100 m total coliform

Tenean Beach, at water quality level > 500 MPN 100 ml and for the CSO
control option is used as an exanple. Beach closings for all other
af fected beaches were sinilarly calcul ated.

(1) (2)
Nurmber of Beach
Nunmber of Beach Cl osi ngs Under
Cl osings Averted = Present Conditions x 9% Pollution Abatenent
Beach (Visitor Days) (Visitor Days) From Control Options
Tenean 19, 286 = 24,107 80
(1) Current Beach d osings
(a) (b)
Nunber Beach % of Season Seasonal
Cl osi ngs = Water Quality X At t endance
(Visitor Days) > 500 MPN
24,107 = . 1607 150, 000

(a) Source: Meta Systens calcul ations based on data from Metropolitan
Di strict Comm ssion and towns of Quincy, Weynouth, Hingham
and Hul | .

(b) Source: See Table B-1 (above).

(2) Source: See Table 4-3, Section 4 of the main report.
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B.6 User Day Values

Many of the recreation benefit estimation approaches cal culate the val ue
of benefits accruing from changes in the use of a resource by applying a
specific dollar value to an incremental change in quantity of recreation
These user day values (also called unit day val ues) have been cal cul ated
using a variety of techniques including cost of travel and survey-derived
estimates of willingness to pay. Generally an average figure is given which
may not reflect the effects of increnental changes in environnental quality.
They should be applied with care especially when user day val ues derived in
one area of the country are applied to a different region. Table B-3
presents the (wide) range of values to be found in the literature and which

are potentially applicable to this case study.
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Tabl e B-3. User Day Values

Sour ce User Day Val ue User Day Va lued/ Val ues Chosen
in Study in 1982 $ for use in
Bost on Har bor Study

General Recreation or Sw nm ng

Heintz et al. 2.67 (1973%) 5.80 Har bor (noder at e)
DPRA 2.54 (19759%) 4.56
Bi nkl ey Logit
Model & 5.65 (1974%) 11. 06 Har bor  (hi gh)
Feder al
Regi st er 1.60 to 4.80 (19829%) 1.60 to 4.80 Har bor (1 ow)
Boat i ng
Heintz et al. 8.96 (19739%) 19. 46
DPRA 5.17 (19759%) 9.27 Charles River (| ow)
Char bonneau
and Hay</ 22.80 (1975%) 40. 89 Har bor (hi gh)
NPA 12.26 (1978%) 18. 14 Charl es River (high),
Har bor (Il ow)
Fi shing
Heintz et al. 8.74 (19739%) 18. 98
DPRA 5.15 (1975%) 9.24
Char bonneau and Hay
Tr out 21.00 (1975%) 37. 66
Bass 19. 00 (19759%) 34.08 Har bor  (hi gh)
Catfish 15.00 (19759%) 26. 90
Russel | and vaughan®/
Tr out 11.10-24.10 (1979%) 14.76-32.05
Bass 9.70-21.40 (19799%) 12. 90- 28. 46
Catfish 7.00-16.00 (1979%) 9.31-21.28
Survey of
Fi shi ng 11. 00 (1980%) 12.89 Har bor (1 ow)
Feder al
Regi ster
Gener al 2.30-4.80 (19829%) 2.30-4.80
Specialized 11.20-19.00 (19829%) 11. 20-19. 00

a/ Updat ed using Consuner Price Index, U S. City Average,
Al'l Urban Consuners, average for 1982 (CPI-U=289.1).

b/ As presented in Appendix B.3 and Section 6 of main report.

¢/ Assuni ng a ratio of boating to fishing (bass) of 1:2.

4/ Lower figure assunes fees reflect real resource costs and val ue of
travel time is zero (net consumer surplus). Hi gher figure assunes fees
are pure transfers and value of travel tinme is average wage rate (total
willingness to pay).



B- 15

Ref erences for Table B-3.

Char bonneau, J. and J. Hay, 1978, "Determinants and Econom ¢ Val ues of
Hunting and Fishing," Paper presented at the 43rd North
Anerican Wldlife and Natural Resource Conference, Phoenix,

Arizona.

Devel opment Pl anni ng and Research Associates, Inc. (DPRA), 1976, Nati onal
Benefits of Achieving the 1977, 1983 and 1985 Water Quality
Goal s, Environnental Protection Agency, Ofice of Research
and Devel opnent, Washi ngton, DC.

Federal Register, Volune 48, Nunber 48, March 10, 1983, "Econom ¢ and
Envi ronmental Principles and Cuidelines for Water and Rel at ed
Land Resources | nplenentation Studies", U S. Water Resources
Counci |, Washi ngton, DC.

Heintz, H T., A Hershaft and G C. Horak, 1976, National Danmmges of Air and
Water Pollution, Environmental Protection Agency, Ofice of
Research and Devel opnment, Washi ngton, DC.

National Planning Association (NPA) , 1975, \Water-Related Recreation
Benefits Resulting from Public Law 92-500, Nati onal

Commi ssion on Water Quality, Washington, DC.

Russell, C.S. and WT. Vaughan, 1982, "The National Fishing Benefits of
Water Pollution Control," Journal of Environnental Econonics
and Managenent, 9:328-353.

U S. Departnment of the Interior, 1982, 1980 Survey of Fishing, Hunting and
Wldlife Associated Recreation, Fish and WIldlife Service and
U. S. Departnent of Commerce, Bureau of the Census,
Washi ngt on, DC.




B- 16

B.7 Sources of Recreation Data

Information pertaining to recreation participation and the correspondi ng
econom ¢ val ues were drawn from a nunber of existing reports. Not all of the
information is specific to Boston Harbor, nor does each address exactly what
is needed for the case study at hand. However, it is information that can be
used to define ranges of values for both participation rates in and econom c
val ues derived fromthe water resources of Boston Harbor. In order to
ascertain how the figures proposed by each source relates to this case study,
the nethod of their derivation and the populations from which they were
derived nust be examined and conmpared to the objectives of this study and to
t he popul ation using (or potentially using) Boston Harbor's water resources.

1. Abt Associates, 1979. New Yor k- New Engl and Recreati onal Denand Study,
Vol. | and |l. Canbridge, MA

The focal point of this study was a survey designed to (1) quantify
current recreational demands in the New York-New England region and, then
(2) to use that denmand to devel op a nodel of supply/demand interactions of
recreational resource availability and needs of forecasting recreational

demands.

The current demand figures fromthis study can be applied to the Boston
Har bor case study because the statistical techniques used were thorough

(i ncluding the breakdown of information by useful characteristics) and

because the sanmple size was | arge. The forecasted recreational data is not
applicable to Boston Harbor. One of the criticisnms of the study is that
demand forecasts are a dependent variable of supply. To accurately assess

the particular effects of increasing the water quality of Boston Harbor, it
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woul d be preferable to use Boston Harbor-specific supply information in the
nodel . The results forecasted by this study's nodel are based upon much
| arger geographic areas of recreational resources and thus do not directly

help in pin-pointing the benefits accrued (real or potential) from inproved

harbor water quality.

2. U.S. Departnment of the Interior, Novenber 1982. 1980 National Survey of
Fi shing, Hunting, and WIldlife Associated Recreation, Fish and Wldlife

Service and U.S. Departnent of Comrerce, Bureau of the Census,
Washi ngt on, DC.

Every five years, since 1955, the Fish and Wldlife Service (in
cooperation with the Bureau of Census) has conducted a nati onwi de survey of
U.S. fishing and hunting activities. For the 1980 survey, questions about
non- consunptive wildlife associated recreation (e.g., bird watching) were
asked for the first time. Mch of the information is of use to the Boston
Har bor case study, including participation rates, |evel of participation
intensity, and expenditures per activity. Unfortunately, there are no

willingness to pay or |atent demand anal yses.

The survey's strongest recommendation is its large sanple size, which
| ends confidence to statistical analyses derived fromits data base. Over
116, 000 househol ds were sanpl ed nationwi de to deternine participation rates
in various wildlife-related activities. O particular interest and
application to the Boston Harbor case study are the statistics obtained for
saltwater fishing. Fishing participants identified in the screening phase of
the survey were re-interviewed, with attention to nore details about:

o their intensities of participation (nunber of trips and days per
year);

o | ocation of activity (fresh or saltwater, in-state or out-of-
state);

o node of participation (boat, surf, shore, pier, etc.);
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© expenditures for participating in the activity; and

o denogr aphic characteristics of the participants.

For this second phase of data collection, "sanple sizes were designed to
provide statistically reliable results at the state level for fishing and
hunting and at the Census geographic division level for non-consunptive
activities".d/ In Massachusetts, 700 fishernen and wormen were

interviewed. O those interviewed, 272 participated in saltwater fishing
only (39 percent of Massachusetts anglers), and 219 engaged in both fresh and

saltwater fishing (31 percent).

Since the statistics above are for Massachusetts overall, it is necessary
to consider how Boston area anglers differ fromthe "average" Massachusetts
angl ers. G ven fishing as an activity of participation, participation rate
di f ferences between Massachusetts residents state-w de and Boston SMSA
residents are considered. The proxinmity of saltwater resources to Boston
suggests that the salt and freshwater fishing participation ratio m ght be
even higher for the Boston area. Assuming that the greatest use of Boston
Harbor is nade by the local population, this is an inportant consideration
and it suggests that the survey's results are a |ower bound estinmate of
saltwater fishing participation. \What night cause the survey's estimates to
be overstatenments for the Boston SMSA are the characteristics of Cape Cod and
the shoreline comunities to the north and south of Boston. These three
areas are apt to have higher than average fishing participation rates
assum ng that individuals who like to engage is this activity are prone to
reside in these areas. A statistically equivalent sanpling of these areas

could skew state-wi de participation rates upward.

a/page viii of the survey.
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The survey also presents participation rates by geographic area and pl ace
of residence. For New England, the saltwater fishing geographic/denographic
distinctions are made for big cities, small cities and rural areas. Boston,
however, is rather uniquely situated with respect to nost other cities of New
Engl and because it is on the Atlantic Coast. Again, if proximty of the
resource does have bearing on participation, then the study estinates are
probably underesti mates of Boston SMSA fishing rates. The days of
participation figures generated by the survey are consistent with the sane
measure from other studies. A final recommendation of this survey is that it
was conpleted quite recently (1980-1982).

3. McConnell, K.E., Smth, T.P., and Farrell, J.F., 1981. Mari ne

Sportfishing in Rhode Island 1978. NOAA/ Sea Grant, University of Rhode
I sl and Technical Report 83, Narragansett, Rhode Island.

This study is recomended for a nunber of reasons, including:

o The data was collected recently, from February 1978 to
January 1979

o The sanple size is large, inplying statistical confidence
(5,000 interviews were conducted at the sites of the fishing
experiences and 9,000 phone interviews were conducted
st at e-wi de) ;

o The information collected pertains specifically to saltwater
fishing:

o The geographic proximty of Rhode |Island to Boston Harbor
makes for similar fishing experiences in terns of the types
of fish caught and the general environnmental experience
(weat her, topography, vegetation, seasons); and

o The nearness of Rhode |Island to the case study area captures

simlar population characteristics such as attitudes,
lifestyles, economic activities, etc.

There are a few obvious differences between the two study areas. One
difference is that the vast mpjority of fishing in Rhode Island does not take

pl ace near urbani zed areas. Anot her is that public transportation is used



B- 20

less often in Rhode Island than in the Boston SMSA, suggesting that trave
nmode arguments are not identical for the areas. Travel tinme is conparable
however, because of Rhode Island's small size. For instance, the travel tine
from Rhode Island's population centers in the northern part of the state
(including Providence, the capitol) to the southern shores (popular fishing
spots) is usually an hour or less by car; using Boston public transportation
to visit a fishing site in and around the Harbor requires a conparabl e anpunt

of tine.

In addition to participation rate and intensity infornmation, estinmates of
econom ¢ expenditures for participation are also available fromthis study.
Aver age expenditures are based on "out-of-pocket" costs per trip which may or
may not include some travel costs (for instance, if gas was bought on the
trip, then it would partially account for travel costs). An exam nation of
costs per trip and one-way mleage figures suggests that travel costs are not
extensively covered by the "out-of-pocket" cost data; even at the
conservative cost of $.10 per mle, the expenditure data barely accounts for

travel costs.

By using the expenditure information available for the various nodes of
fishing (shore, fixed structure, boat) together with travel cost information
specific to Boston Harbor, a range of plausible current trip expenditures for
fishing in the Harbor can be cal cul ated. Such a range represents
denonstrated econonic worth of the fishing resources but does not indicate

consumer (participant) surplus of fishing activity.

The interview questionnaire used for this study did include wllingness
to pay questions, but that data has not yet been tabul ated and anal yzed. I'n

the absence of willingness-to-pay neasures, the denonstrated expenditures
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will be taken as | ower bound estimates of the econom c val ue of Boston

Har bor's fishing resources.

4, Metcalf and Eddy, 1975. Eastern Massachusetts Metropolitan Area Study
(EMVA) . Technical Data (Volunme 13B). Soci o- Econonic | nmpact Analysis.

The area of study for the EMVA series of reports roughly corresponds to the
area of this case study, so the information presented is directly relevant to
the case study at hand. The soci-economc inpact analysis includes a section
on recreation in the area. It exami nes actual and potential recreationa
activity there. Actual, or current, activity is defined as demand; potentia
activity, or un-net demand, is defined as need. (Need is translated as |atent

dermand for application to this case study.)

Much of the information presented in EMVA regarding recreationa
opportunities is drawn from the Eastern Massachusetts supplenent to the 1972
Massachusetts Qutdoor Recreation Plan. Based on information drawn fromthe
Qut door Recreation and Open-Space |Inventory and from census data, the
suppl enent provides a data baseline on recreational opportunity in the area.
Al t hough the inventory and census were conducted in 1970, the recreationa
opportunity and activity calculations arestill valid since the current
popul ati on and recreational resources of the area are not much changed from

that tinme, if recreational habits are also alike

The assessnents of demand and | atent demand were performed according to
popul ati on density groups within the MAPC area. The highest density groups.
had the lowest ratios of recreation and open space acreage to popul ation. It
appears that the analyses for |atent demand were perforned within each
density group; that is, if the recreational resources within a density group

area were not sufficient to neet the total potential demand for the
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popul ation within that group, the availability of such resources in other
areas was not considered for satisfaction of those recreation needs. The
hi gh density areas exhibit |atent demand of water-based recreationa
activities, even though the majority of nunicipal recreational sites is
within the very dense and dense categori es. Still, the extrenely dense
category has five percent of the recreational areas and 35 percent of the

popul ation within the study area.

The quality of the available recreational sites was not a factor in

cal cul ating recreational opportunity.

5. Metropolitan Area Planning Council, OCctober, 1972. Bost on _Har bor |sl ands

Conpr ehensive Plan, for Massachusetts Departnent of Natural Resources.

This report describes a plan for all phases and aspects of maintaining
and devel oping the islands of Boston Harbor , which are considered a unique
natural resource of significance to the New England Region. The islands are
predom nantly open, natural areas; some have historic sites or limted public
facilities. The Plan contains descriptions of the islands and the current
and planned activities for them Many of the islands do not yet have the
facilities or the water quality necessary for sone of the activities:
therefore, activity days figures nost nearly reflect potential use of the

| sl ands.

The islands offer a range of activities: sw nmng, boating, fishing,
hi ki ng, picnicking, group and primtive canping, play, and historic fort
visitation. Only the first three activities nmentioned are of concern to this
case study because they are nost directly affected by water quality.
(However, water quality can affect the experiences of other activities such

as canpi ng and hiking.) This report is particularly useful because it
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provi des data on the recreational potential (activity days) of the Harbor

| sl ands.

The econom c values per day for each Boston Harbor Island activity day
were based upon the Federal Water Resources Council's "Standards for Pl anning
Wat er and Land Resources” (July 1970). These val ues are nationw de
estimtes. Because the values in the Harbor Plan are in 1970 dollars it was
necessary to inflate themto 1980 dollars using the Consuner Price |Index for
ur ban consumers. Furthernore, the round trip ferry fee to CGeorge's Island of
$3.00 has been added to the value in order to account for a portion of the
travel costs incurred in visiting the islands. The Department of Environ-
ment al Managenent provides a free taxi service to reach other islands from
CGeorge's Island. The travel costs incurred by private boaters to the islands
are probably at |east $3.00 considering the costs of gas and/or costs of
upkeep.

6. Bureau of Qutdoor Recreation, Septenber, 1977. Nat i onal Urban Recreation

St udy: Bost on/ Lowel | / Lawr ence/ Haverhill, Northeast Regional Ofice:
Nati onal Park Service and Forest Service

This particular study offers qualitative insights into and justifications
for recreational resource preservation in its study area. (Some of the ideas
are presented here.) A basic prem se of the study is that open space which
is close to home is desirable. At present, Boston has only 5.4 acres of open
space per thousand popul ation, whereas the recomended m ni nrum by the
Nati onal Recreation and Park Association and the Urban Land Institute is 10
acres per thousand popul ation. Mst of Boston's land is already devel oped

Once it has been developed, it is economically and physically difficult to
recl aimas open space. O the open spaces that do renmmin, there is

consi derabl e conpetition for their use.
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Only about one-sixth of New England's coastline is accessible to the
general public. The recreational potential that Boston Harbor offers is
substantial by conparison since approxinately 40 percent of the harbor
shoreline remains relatively undevel oped; portions of this undevel oped area
are used for recreational activities. In addition, the islands are within a

25 mle radius of 2.7 nmillion people. The 1977 Coastal Zone Managenent Pl an

lists three types of recreational facilities as being in greatest denmand for
Bost on Har bor. They are: (1) large scal e beaches and waterfront parks;

(2) snaller scale beaches and parks for local use; (3) wal kways. Certainly,
water quality is critical to swmring activity and can enhance the enjoynent

of parks and wal kways.

VWereas the waterfront was once largely an area of warehousing and
i ndustrial activity, new devel opnent and redevel opment styles are leading to
different interactions with the Harbor, particularly in the downtown areas
along the Inner Harbor. More people are living, shopping, and staying in
hotels near the water--their relationship to the Harbor is beconmng nore
intimte so the aesthetic quality and sense of open space it can offer is
becom ng nore inportant. Furthermore, as nmore white-collar businesses nove
into the waterfront commercial spaces, perceptions and expectations of the
wor ki ng environment change (visits by clientele, visual appearances of
surroundi ngs, etc.).

7.  Massachusetts Departnment of Environnental Managenment, Decenber 1976
Massachusetts Qutdoors: Statew de Conprehensive Qutdoor Recreation Plan (SCDRP).

The information on recreation participation rates and |latent demand in
this report is of interest to the Boston Harbor case study. However, the
nmet hodol ogy enployed to obtain that information has a nunmber of limtations.

The primary problemis the sanple size of the data collection effort.
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A tel ephone survey was conducted of 400 househol ds/ persons throughout
Massachusetts and this survey is the data source for all subsequent anal yses.
The Boston SMSA is contained within a region extending west to Wrcester,
north to the state border, and south to Bridgewater. This region is one of
seven equal ly sanpled areas within the state, neaning that the Boston SMSA

recreational demand is calculated fromonly 57 (or fewer) interviews.

Sone of the results of the data analysis are counter-intuitive. One such
result suggests that power boating participation rates are nore strongly
associated with [ow incone groups than with higher incone groups, although
power boat operation and naintenance can be quite expensive. I nf ormati on
fromthe "Boston Marinas and Live-Aboards Study" indicates a high proportion
of large boats in the Boston area, thus countering the explanation that the
power boat population is donminated by snmall boats with outboard nmotors (i.e.,

| ess expensive power boats, affordable to low income groups).

The results of the SCORP study are nore neaningful if they are
interpreted qualitatively, rather than quantitatively. The shortconi ngs of
the empirical findings are often nentioned by the authors throughout the
study, suggesting that SCORP results should be applied with caution.

8. Departnment of Interior, April 1984. The 1982-1983 Nationwi de Recreation
Survey, National Park Service, Washington, DC.

The npbst recent nationw de survey of recreation activities was designed
for conparability with certain portions of the national recreation surveys
conducted in 1960 and 1965. It includes data on participation rates,

expenditures, reasons for recreating, and reasons for constraints on
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recreating. At the time of this report only nationw de figures were
avai |l abl e. Regi onal (but not as detailed as the SMSA |level) figures are

expected to be published later.
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Appendix C

Swi mmi ng Heal th Benefit Cal cul ations

Heal th benefits for

functions and beach attendance data.
I evel s t hroughout the swi nming season for
for estimating the exposure of the swi nming popul ation.
this appendi x shows how the nunber
was cal cul ated for each water quality level at each beach.

water quality level 7 (60 MPN fecal coliforns per 100 m),

representative exanple.

cal cul ati ons of reduced nunber of cases of illnesses for

option for each beach.

C.1 Nunber of Cases of

recreationa

Gastrointestinal 111 ness

(Tenean Beach

Nunmber of Cases
of Highly Credible
Gastroenteritis
At Water Quality
Level 7

190

(A) Number of cases
per 1000

18. 09

Source:  Cabelli et.

wat er

al ,

quality level 7)

(A)
Nunmber of Cases
= of HC gastroenteritis x
per 1000

= 18. 09

(1)

= 0.2 + 12.2 log Enterococc

0.2 + 12.2 x 1.47

1982

The distribution of water

quality

each beach was used as the basis

swimm ng are derived using dose-response

The first section of

Tenean beach,

is used as a

The second section of this appendi x shows the

each treatnment

of highly credible gastroenteritis cases

(8)
Popul ati on at
Ri sk, up to Water
Quality Level 7
10, 500
r? = 0.75

-

1000



(a) )
0.825 log Fecal coliform R™ = 0.82

(1) Lag _Enterococci

1.47

0.825 x | o0g(60)

Sour ce: Meta derived statistical relationship using averaged MDC and
ot her municipal water quality data, 1974-1982.

(a) When total coliform concentrations were neasured instead of fecal
coliform concentrations, total coliform concentrations were substituted
using the follow ng relationship

log Fecal coliform = 0.65 log total coliform R? = 0. 89

Sour ce: Meta derived function, based on averaged MDC and nuni ci pa
water quality data, 1974-1982.

(1) (2)
(B) Popul ati on
at Risk at Per cent age of Season
Water Quality = Seasonal Beach x Water Quality
Level 7 At t endance At Level 7
10, 500 = 150, 000 .07

(1)  Source: MDC, Towns of Quincy, Weynouth, H ngham and Hul |

(2) The frequency, per season, of thirteen water quality levels was neasured
for fecal coliformconcentrations, MPN per 100 ml (see Table C1).

C.2 Reduced Cases of Gastrointestinal IlI]ness

The above cal cul ations are done for each water quality level to
establish the base case for each beach. This gives the estimted number of
cases of illness occurring under current conditions. Simlarly, the
cal cul ations can be carried out assunming a certain percentage of pollution
reduction. This is done by reducing the average fecal coliform count for the
water quality level by the percentage pollutant reduction. For exanple, in

the base case water quality level 7 has a fecal coliform count of

60 MPN 100 mi.



Table C-1 Water Quality Fecal Coliform Levels

Wat er Medi an
Quality Range Val ue Fecal % During Season
Level | Fecal Coliform | Col i form Used I f or Tenean Beach
1 0 0 0
2 1-5 3 10
3 6- 10 8 13
4 11- 20 15 9
5 21-30 25 1
6 31-50 40 12
7 51-70 60 7
8 71-130 100 9
9 131-170 150 7
10 171- 330 250 9
11 331-470 400 6
12 471- 730 600 9

13 > 731 731 10




Under the CSO control option with 80 percent reduction the same water quality
I evel 7 would be assigned a fecal coliformcount of 12 MPN 100 m . Then, the
string of calculations listed in Section C.1 above are repeated to estinmate
the number of cases of illness under these new water quality conditions. The
nunber of cases for each of the water quality levels are sumred to give a
total incidence of illness at that beach. revels for which the fecal
coliform counts exceed 500 MPN 100 mli, however, are not included because we
assunme the beach is closed to swimm ng at counts above 500 MPN 100 m . These

cal cul ations are shown for Tenean Beach in Table C 2.

C.3 Population at Risk

The studies of swimrers and related health effects divide the popul ation
of visitors to a. beach into swi mers and non-sw nmmers. Two avail abl e studies

have this information for Boston area beaches. Their results are shown bel ow.

St udy Total $ of Visitors % of Swimmers who go swi nmi ng

43 Boston area beaches
(Hanemann, 1978) 2507 32 %

2 Boston area beaches
(Cabel i et al., 1980) 4153 49 8

6 Coastal beaches in US.

(Cabell'i et al., 1980) 16182 63 %

In this study we use the figure of 4.4 for a | ower bound estimate of the
popul ation at risk. In addition, a reduction factor tied to the distribution
of air and water tenperature during the sunmer season is used. This factor

is calculated by first categorizing the sunmer days as follows:



Table C~-2. Calculation of Number of Highly Credible Gastroenteritis
Cases for Tenean Beach
Fecal % of With 10% With 80% With 90%
Coliform Season % of Reduction Reduction Reduction
Count Water Quality Base f.c. # of f.c. # of f.c. 4 of
Level (average)—/ at Given Levelé/ CasesE/ Pnuntg/ Casesg/ Pﬁuntg/ Casecg/ Countg/ Casesg/
1 0 0] 0 0 0 0 0 0 0
2 3 10 73 2.7 66 0.6 0 0.3 0
3 8 13 181 7.2 172 1.6 41 0.8 0
4 15 9 163 13.5 157 3 66 1.5 24
5 25 1 22 22.5 21 5 11 2.5 6
6 40 12 296 36 288 g8 167 4 111
7 60 7 192 54 187 12 116 6 84
8 100 9 277 90 271 20 180 10 137
9 150 7 235 135 230 30 159 15 127
10 250 9 332 225 326 50 235 25 194
11 400 6 240 360 236 80 i76 40 148
12 600 9 385 540 379 120 288 60 246
13 731 10 441 657.9 434 146.2 333 73.1 287
Total Cases 2837 2767 1772 1364
Total Cases below 2011 1954 1772 1364
500 MPN/100 ml (a) (b) (c (d)
Calculations for Each Treatment Option

a/From Table C-1.
b/calculated using Cabelli

Number of
Reduced Cases

Calculation

Option Reduction of Illness Method
CSO only 80 239 {a) - (c)
Ocean Outfall 10 57 (a) -~ (b)
Secondary

Treatment 10 57 (a) - (b)
CSO and Ocean

Outfall 90 647 (a) - (d)
CS0 and Secondary

Treatment 90 647 (a) - (4)

t al. (1982) equation.
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o Poor (air tenperature £75° Fahrenheit and/or water
tenperature < 63° Fahrenheit)
o good (air tenperature >75° and < 79° and water tenperature 2 65°)

o excellent (air tenperature 2> 79° and water tenperature > 65°)

Then, the distribution of days in each category is estimated from data on
air and surface water tenperature for the months of June, July and August for
the years 1982 and 1983. For "poor"™ days it is assumed that only one-third of
the predicted increased population at risk will actually go sw mm ng. For
"good" days it is assuned that two-thirds of the predicted increase due to
i nproved water quality will go swinmng but not all of the predicted increase
because of the relatively lower air and water tenperatures. For "excellent"
days, all of the predicted increased population at risk is assumed to go

SW nmi ng.

Thus, the |ower bound estimate of increased population at risk is 49% of
the predicted increased beach visitors tinmes the reduction factor (.551) for
the air and water tenperature constraints. W used 100% of beach visitors as
an upper bound estimate because the question in the studies is often phrased
"what is your primary beach activity" rather than "did you go sw nm ng".
Thus, visitors may go swinmng even for a linited anount of tine where their

primary beach activity was sonething el se.



The following table presents the calculations for the |ower bound "reduction factor": a/
Poor Good Excel | ent
Air £75° and/or Air > 75° and < 79° Air > 79° and
Water <65° and water 2z 65° Water = 65° Tot al
(a) No. of _sanpled days
June, July and August,
1982 and 1983 55 4 26 85
(b) Proportion of days in
1982 and 1983 . 647 . 047 . 306 1.00
(c) Proportion of predicted
i ncrease in population at
risk not limted by air
and water tenperatures .33 .67 1.00 -
(d) "Reduction factor” for
| ower bound estinmate:
(b) x (c) .214 . 031 . 306 .551

a/ Approach suggested and data supplied by Dr. Richard Burns, Region 1,

Envi ronnmental Protection Agency, Boston, MA. Cat egori es and proportions used

in (c) based on "Wather Conditions that Lure People to the Beach" by P.
Rosenson and J. Havens in Maritines, University of Rhode Island, G aduate

School of Cceanography, August 1977, and "Adapted Aquatics" by The Anerican
Nati onal Red Cross, 1977, Washi ngton, DC. Air and surface water tenperature

for Boston Harbor Area from NOAA, National Ocean Survey data file.
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Appendi x D

Conmer ci al Fisheries Benefit Conputations

D.1 Denand Function Estimation

O her than the one in the study done in Maryland to predict future
fisheries’ Supply,é/ whi ch was di scussed in the main body of the report, no
ot her soft shelled clam demand functions were found in the literature. At
present, research is being conducted at the University of Rhode Island
Department of Resource Economi cs on devel opi ng such information about various
fisheries based on National Marine Fisheries Service data. Dr. Stephen
Crutchfield ran sonme regressions using this data to produce a range of soft

shel |l ed cl am demand functions for us.?/

One of these will be described
bel ow for illustrative purposes. Because of the lack of information
available to calibrate these functions properly for Mssachusetts, and

because these functions do not represent consuner demand in a particular

mar ket area (as discussed in the main report concerning the Miryl and dermand

function), it was not possible to use themto conpute the inpacts of
pol | uti on abatenment in Boston Harbor. However, since this information may be
useful to others, one of these demand functions will be presented here.

The best six variable logarithmc |inear nodel, as indicated by the
maxi mum i nprovenent in the R-squared statistic, found using the stepw se
regression technique is as follows:

P 1.876 - .076Q + .450W+ .117C + .7511 + .087S + .029F
( =

R2 = . 96)

a/ Mar asco, 1975.
b/ Qutchfield, 1983.



wher e
dependent  vari abl e: P = exvessel soft shelled clam prices
(Maryl and)
i ndependent variables: Q = soft shelled clam | andi ngs (Mine)
W = whol esal e prices of soft shelled clans
(New Yor k)
C = exvessel prices of quahogs (Rhode Island)
| = per capita inconme
S, F = seasonal dummy variables, summer and fall.

The stepwi se regressions were run using nmonthly data from 1960 through
1982, where available. The regressions were set up so that Q was al ways
i ncl uded as an independent vari abl e. Price data from Maryl and and | andi ngs
(harvest) data from Maine had to be used because of insufficient tine series
data el sewhere; extensive price and |andings data were not available for
Massachusetts nor did the data base used have both price and |andings data

for the same state. The whol esale price in New York was included as a demand

shifter since New York is a |large market for soft shelled clans. Quahog
prices were added to represent demand for a conpetitive product. Per capita
incone is used to reflect derived demand. Seasonal dummy variabl es were

i ncluded to account for the w de seasonal variations in denmand caused by the
summer tourist season. This equation produces extrenmely high price and
incone elasticities of demand. For this and the reasons nentioned above and

in the nmain report, it was not used to conpute pollution abatenent benefits.

D.2 Demand Function Conputations

Conputations to determine the constants for the demand functions for

alternative price elasticities were carried out as shown below. The
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foll owi ng demand function was used:

Q = axp”

where, Q = consunption (bu.)
A = constant
P = oprice (9)
< = price elasticity

and transformed to log form

log Q = log A +xx log P.

For the Boston market for 1981, Q was set at 625,000 bu. and P at
$28.45. Alternative price elasticities were selected: -.5, -1, -2 and -3.

Using -1 as an exanple the cal cul ations were done as foll ows:

625,000 = A x (28.45) ~1

log (625,0000 = log A - 1 x log (28.45)
5.7959 = log A - 1 x 1.4541

5.7959 = log A - 1.4541

7.2500 = log A

To conpute the new price for each price elasticity assuned and for each
pol | uti on abatenent option, log A, calculated as shown above, was substituted
into the demand function along with Q + AQ, as shown bel ow. For instance,
for AQ = 29,603 bu., associated with the STP pollution abatenent option, the
conputations to deternmine the new price were as follows (price elasticity

assuned to be -1):

log (Q+ A Q = 1log A-1 xlog (P- &P)
5.8160 = 7.2500 -1 x log (P - AP)

1 xlog (P- &AP) = 1.4340
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log (P - 4AP) = 1.4340
Pp-ALP = 27.16
P - 27.16 = AP

AP = 28.45 - 27.16 = 1.29.

Total benefits for each abatenent option were cal cul ated as shown bel ow.

The change in consumer surplus is equal to the following:éf

ACS = AP - Q+ /2 (AP xAaQ)
where, & CS = change in consuner surplus ($)

AP = change in price ($§)
Q = initial consunption (bu.)
A Q = change in consunption (bu.).

Referring back to Figure 7-2 in the main body of the report, it can be seen
thatAPxQ conputes the area B + C and 1/2( AP x40), the area E, and that their

sum in the above equation represents LCS equal to area B+ C + E

As an exanple, using the &L P and &Q associated with the STP option from
t he above cal cul ati ons, and using 16,000 bu. as a reasonable estimte of the
initial consunption from Boston Harbor shellfish areas, total benefits (equa

to change in consuner surplus) were estimated as foll ows:

ACS = AP x Q + 1/2(AP xAD)

(1.29) (16,000) + 1/2[(1.29) (29, 603)]

(20,.40) + 1/2(38,188)

(20, 640) + (19, 094)

$39, 734.

2/ Note that sinple geonetric calculations are used here rather than
i ntegration under the curve. Even though the latter nethod is nore accurate and
correctly assunmes a non-straight-line demand curve, the fornmer is sinpler, and
given the nagnitude of the possible error in the assunptions already made, wl|
not adversely affect the outcomne.
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D.3 Supply Cost Data and Conputations and Producer Surplus Conputati on Exanple

No estimates concerning producer surplus changes due to pollution
abatenment in Boston Harbor could be made due to | ack of data. Attenpts were
made to devel op a supply curve but were unsuccessful; these will be described
below. As nentioned in the main body of the report, it is likely that change
in producer surplus due to pollution abatement would be zero because the
fishery is unregulated and there are no linits to prevent new firns from
eventual ly entering and bidding away any short-run excess profits: i.e., the
supply curve is probably flat in the area of interest. Despite an extensive
search, no supply curves for the fishery were found in the literature. There
is general agreenent that is would be very hard to produce such a curve due
to the extreme difficulty of nodeling the biological processes affecting
shellfish supply. Thus, supply for a fishery like the soft shelled clam
industry is usually held to be exogenously det er i ned .2/ Thi s approach was

taken here

As discussed in the main report, the Boston area nmarket for clans is
supplied by Maine and Maryl and as well as Massachusetts fisheries.
Harvesting cost data is available for Maine (Townsend and Briggs, 1980).
Costs for the typical Massachusetts digger are very simlar to those for
Mai ne. 2/ Costs to diggers in restricted areas in Massachusetts, however,
are higher than to others because of the special |icensing requirenents,

depuration costs and additional transportation necessary to get the clams to

2/ From discussions with individuals at the Maryl and Depart ment of
Nat ural Resources, the Miine Departnent of Marine Resources, and the
Universities of Miine, Mryland and Rhode Isl and.

b/ Massachusetts Division of Fisheries and Wldlife estinates.
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the purification plant. Prices to Maine diggers are |lower than prices to
Massachusetts diggers.é/ From this information, it was assunmed that the
supply curve for the Boston area soft shelled clam market could be
represented by the curve displayed in Figure D-1. This is a stepw se supply
curve in which the quantity Ql' and price Py, represent the quantity

supplied by Maine diggers at their |ower cost |evel. Simlarly, the quantity
fron1Ql to Q, represents the amount supplied by Massachusetts diggers
fromunrestricted areas and fron1Q2 to Q3 that supplied from Boston

Har bor restricted areas at a higher cost. The dashed line at Q4 and P,

shows the decreased costs and increased quantity to the diggers that operate
in Boston Harbor as a result of pollution abatenent. Maryl and quantities and
costs are not included because the fishery there is highly nechanized and has

a totally different cost structure.

Initially, it was thought that, given the avail able Miine cost data,
costs for Massachusetts firms could be devel oped for both restricted and
unrestricted areas. However, with the linmts on tine and resources and the
lack of data, it was not possible to solve two main problens. The first was
to account for the fact that the firns that operate in the restricted areas
are conposed of a naster digger and subordi nate diggers unlike typical other
Massachusetts and Maine firnms which are single-person operations.

Informati on was not readily avail able on wages and nunbers of enployees. The
second problem the really major one, was to determ ne what inpact pollution
abat enent and the potential increased supply available in Boston Harbor would
have on the harvest costs. Reasonabl e assunptions could be nmade concerning

non- | abor costs such as assum ng decreased per unit transportation costs

2/ Maine Department of Natural Resources and Massachusetts Division of
Fisheries and WIldlife data
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Figure D 1.

Assumed Shape of Supply Curve for
Boston Area Soft Shelled C am Market.

Price
($/bu.)

Ql 2 QB Q4 Quantity of
Shel | fish (bu.)
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since nore clanms could be hauled per daily trip to the purification plant.
However, it was very difficult to estimate the inpacts on return to the
mast er di gger or on nunbers of subordinates that would be hired. Theref ore,
it was not possible to conplete this representation of the supply curve for

t he Boston Harbor market so that it could be conmbined with the previously
estimted demand curves to conmpute changes in producer surplus. It was
thought, however, that the prelimnary conputations that were conpleted m ght
be useful to others and should be presented in an appendi x. The foll ow ng
tabl es and di scussion show the data used and conputations that were nade in
order to estimate soft shelled clam harvest costs for both unrestricted areas

in Maine and restricted and unrestricted areas in Massachusetts.

Table D1 shows annual 1978 costs for a typical Mine clamdigging firm
a one-person operation, developed by Townsend and Briggs (1980). In Table
D-2, these costs are updated to 1980 dollars for Massachusetts di ggers who
operate in unrestricted areas, Updat ed costs for Maine firns are al so shown

at the bottomof this table.

Tables D-3 through D-6 show the conputation of nonlabor costs for
Massachusetts shellfishing firms operating in Boston Harbor restricted
areas. Because it was not possible to develop costs for a typical firm
operating in Boston Harbor restricted areas due to the lack of information
regardi ng nunbers of subordi nate di ggers enployed and their wage rates, it
was decided that costs should be devel oped on a per bushel basis. Table D3
shows per bushel costs divided into four categories for conputation
pur poses. Nonspeci alized itenms are those for restricted firms that
correspond to the items included in the single-person unrestricted firns

shown in Table D-2. Specialized items are those that are required by either



Table D 1. Cost Data for a Typical Maine Clam Digging Firm 1978 $

Capital Costs:

1978 Annual
I tens Cost Life Depr eci ati on
Car 2500 4 625

(1/2 cost of new car)

Boat 1200 10 120
Trailer 600 10 60
Out board Mot or 1000 4 250
SUBTOTAL: 1055
Direct Expenses:

1978 No. of
[tens Unit Cost Units Annual __ Cost
Fuel, Car . 80/ gal 55.6 44
Fuel , Boat . 80/ gal 7.5 6
Aut o Mai nt enance 200
Boat Mai nt enance 200
Li cense 10
| nsurance 100
Boots & doves 28
Hods 12 2 24
Cd am Hoe 1 15
SUBTOTAL.: 627
TOTAL: 1682
Owner Operator |ncone: 2234

Sour ce: Townsend and Briggs, 1980

Not es:
Vol unes: 210 bushel s/year @ $18.65
G oss Revenue: $3916. 50.

Enpl oyment : one.

Oper at es: 5 nonths per year



D- 10

Table D 2. Costs for a Typical Massachusetts Shellfishing Firm
Qperating in Unrestricted Areas, 1980%
Capital Costs:
1978 Adj ust nment 1980 Annual
-ltems Cost Facton—a/ Cost Life Depr eci ation 5/
Vehi cl e 2500 1.31 3275 4 818. 75
(1/2 cost of new car;
50% devoted to clanm ng)
Boat 1200 1.31 1572 10 157.2
Trailer 600 1.31 786 10 78.6
Cut board Mbt or 1000 1.31 1310 4 327.5
SUBTOTAL: 1382. 05
Direct Expenses:
1978 Adj ust ment 1980
Items Price Factoré/ Price Quantity Tot al
Fuel , Car . 80/ gal 1.31 1.05 55.6 58.4
(1,000 m/yr
@ 18 m/gal)
Fuel , Boat . 80/ gal 1.31 1.05 7.5 7.9
(300 m/yr
@ 40 m/gal)
Auto Mint. 200 1.31 262 1 262
Boat Maint. 200 1.31 262 1 262
Li cense 30 1 30
| nsur ance 100 1.31 131 1 131
Boots & Cl oves 28 1.31 36. 68 1 36.68
Hods 12 1.31 15.72 2 31. 44
Cd am Hoe 15 1.31 19. 65 1 19. 65
SUBTOTAL: 839. 07
ANNUAL CAPI TAL COSTS PLUS DI RECT EXPENSES: 2221.12

[Simlarly Updated Annual Costs for

Maine Firms (1980 $) = 2203.05]

Sour ce:
(no date).

2/ cPl Bost on.

Meta Systens estimates based on Townsend and Bri ggs,

b/ Assunmes strai ght-1ine depreciation.

Not es:

210 bushel s/yr.;
Qperates 5 no./yr.;
120 tides per

aver age harvest.
100 days/yr.;

year; 1.75

5 days/ wk.
bu./tide/ di gger.

1980 and W I i ans,
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Table D 3. Per Bushel Nonl abor Harvest Costs for Boston
Har bor Restricted Areas
Cost Cat egori es Cost/Bushel 1980 $
Nonspeci al i zed Itens 5.01
Specialized Itenms - Subordinate Diggers 3.47
Speci alized Items - Master Diggers 6.18
Depuration Costs 2.00
TOTAL: 16. 66
Not es:
Depuration Costs: $1.00/rack; 2 rack/bu.; $2/bu.



Table D-4.
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Per Bushel Costs for Nonspecialized Items2/

Capital Costs:

1978 Adj ust nent 1980 Annual
Itens Cost Fact or 12/ Cost Life Depreciatiorrg/
Boat 1200 1.31 1572 10 157. 2
Trailer 600 1.31 786 10 78.6
Qut board Mot or 1000 1.31 1310 4 327.5
TOTAL: 563. 3
Di rect Expenses:
1978 Adj ust nent 1980
Itens Price Facto:é/ Price Quantity Tot al
Fuel , Boat . 80/ gal 1.31 1.05 7.5 7.9
(300 nmi/yr
@ 40 m/gal)
Boat Maint. 200 1.31 262 1 262
I nsurance 100 1.31 131 1 131
Boots & d oves 28 1.31 36. 68 1 36. 68
Hods 12 1.31 15.72 2 31. 44
d am Hoe 15 1.31 19. 65 1 19. 65
TOTAL: 488. 67
ANNUAL CAPI TAL COSTS PLUS DI RECT EXPENSES: 1051. 97

= $5. 01/ bu.

@ 210 bu./yr.

(from Mai ne cost data)

2/ Based on costs estimated for Maine di ggers for 1978, Townsend and Bri ggs,

1980.

b/ CPl Bost on.

¢/ strai ght-1ine depreciation assuned.
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Table D-5. Per Bushel Specialized Costs for Subordinate Diggers

Capital Costs:

1978 Adj ust ment 1980 Annual
| tens Cost Factord/ Cost Life Depr eci ati on
Car (50% 2500 1.31 3275 4 818. 75
Direct Expenses:

1978 Adj ust ment 1980
[ tens Price Factor 2/ Price Quantity Tot al
Fuel , Car . 80/ gal 1.31 1.05 55. 6 58.4
Auto Maint. 200 1.31 262 1 262
Li cense -- - 30 1 30
TOTAL: 350. 4
ANNUAL CAPI TAL COSTS PLUS DI RECT EXPENSES: 1169. 15

= $1169. 15/ subordi nate di gger x 49 diggersé/ + 16,500 bu. = $3.47/bu.

a/ CPl Boston

b/ Estimated average annual nunber of subordinate diggers = 16,500
bu./yr. total harvest + 210 bu./digger/yr. = 79 diggers ¥ 30 master diggers =
49 subordinate diggers. Thi s nunmber may be an overestimate because
restricted flats may tend to have nore clans/acre and therefore the harvest
may be greater per person than indicated in the Mine data. However,
personnel nust be used to transport clans to the purification plant which
woul d increase the enpl oyee/ bushel ratio.
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Table D 6. Per Bushel Specialized Costs for Mster Diggers
Capital Costs
1978 Adj ust nment 1980 Annual
| tens Cost Fact or Cost Life Depreci ati on
Truck 5500 1.31 7205 4 1801. 25
Packs $10 x 33 = 330 3 110
Sur ety Bond 500 20 93.58/
SUBTOTAL: 2004. 75
Direct Expenses:
1978 Adj ust nment 1980
| tens Price Fact or Price Quantity Tota
Fuel , Truck . 80/ gal 1.31 1.05 611.2b/ 641. 76
Truck Maint. 500 1.31 655 1 655
Li cense 100 1 100
SUBTOTAL: 1396. 76
ANNUAL CAPI TAL COSTS PLUS DI RECT EXPENSES: 3401. 51
= $3401.51/ master digger x 30 master diggers + 16,500 bu. = $6.18/bu.
a/ Used capital recovery factor = ,187 (20 yr. life, 8% interest).

b/ 611.2 = 55.6 (1000 m/yr @18 mi/gal) + 555.6(10,000 nmi/yr @18 mi/gal).

NOTES

5 days/week; 100 days/yr.
depurated from Boston Harbor
550 bushel s/ master digger/yr.;

Qperates 5 mo./yr.;
Approxi mately 16,500 bu./yr.
operate in Boston Harbor;

mast er di gger.
2 racks/bushel ; 11 racks/day x 3 days = 33 racks/naster
from harvest area to depuration plant;
10,000 m . /yr.

Approxi mately 50 mi .
100 mi./day x 100 days/yr. =

30 master
5.5 bushel s/ day/

di ggers

di gger.

to depuration plant.
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the master or subordinate digger because they operate in restricted areas.
Depuration costs are the per bushel costs for the clams to be handl ed by the
purification plant. The devel opnent of nonspecialized costs is shown in
Table D-4. Speci ali zed costs are conmputed for subordinate diggers in Table
D-5 and for master diggers in Table D-6. These conputati ons assume that the
annual harvest from Boston Harbor restricted areas is 16, 500 bushels?/

that there are 30 naster diggersé/ operating in the harbor and that each

di gger harvests approxinmately 210 bushels annually.é/

Changes in per bushel costs due to pollution abatenment are shown in Table
D-7. It is assuned, for illustration purposes, that the fishery is
restricted and therefore no additional firms (master diggers) can enter
Mor e subordi nate diggers would be hired, however. The additional yield from
the restricted areas was a prelininary figure later changed in the main body
of the report (see Table 7-2). To conmpute total nunber of diggers, the sane
annual harvest rate was assumed as for Table D- 3. The main inpact of the
pol l uti on abatenment was assuned to be an increased annual harvest which would
allow master diggers to transport approximtely four times as many bushels
per daily trip to the purification plant as w thout abatenent. The
purification plant is currently undergoi ng expansion which will allow it to

handl e | arger nunbers of shellfish per day.

Tabl e D-8 conpares available price data with the nonl abor cost data

computed for Miine and Massachusetts. Theoretically, the difference between

the price and the nonl abor cost should reflect the incone to the firm owner

a/ Di vi sion of Marine Fisheries estinates. The 16,500 was | ater revised
to 16,000 in the main report.

b/ Townsend and Briggs, 1980.
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Table D 7. Changes in Per Bushel Nonlabor Costs for Boston Harbor
Restricted Areas Due to Pollution Abatenent

Cost Per Bushel, 1980 $

Cost Categories W t hout Abat enent Wt h Abatenent
Nonspeci al i zed Itens 5.01 5.01
Speci alized Itens - Subordi nate Diggers 3.47 5.03

- Master Diggers 6.18 1.69
Depuration Costs 2. 00 2.00
TOTALS 16. 66 13.73
Change in Per Bushel Cost -2.93
Not es:

Annual yield: 16,500 + 49,928 2/ = 66,428 bu./yr.

66,428 bu./yr. = 30 master diggers E-/ = 2,214 bu./master digger/yr.;
22.1 bu./day (4 times as many as
bef ore abat enent)

66,428 bu./yr. + 210 bu./digger e/ - 316 diggers

30 master diggers = 286 subordi nate diggers

Costs for nonspecialized items - no change.

Speci al i zed costs - subordinate diggers
$1169. 15/ subordi nate di gger x 286 diggers & 66,428 bu. = $5.03/bu.

Speci al i zed costs - master diggers:
Racks: 2 racks/bu.; 44.2 racks/day x 3 days = 132.6 racks/master digger;
132.6 racks x $10 = $1326 + 3 yr. life = $442.
Cost per master digger = $3733.51 x 30 master diggers < 66,428 bu

= 1.69/ bu.
Depuration costs - no change.

2/ Assuming additional yield of 49,928 bu./yr., revised in main report.
b/ Assuming restricted fishery - no change in number of naster diggers.

¢/ Townsend and Briggs, 1980.
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Table D-8. Compari son of Nonl abor Costs and Prices

Lnflated a/
Location and Year Nonl abor  Cost/ Bu. Price/Bu.~ Pri ce/ Bu.
Mai ne, 1978 $ 8.01b/ n. a. 18.65b/
Mai ne, 1980 $ 10. 49 24. 43 22.65¢/
Massachusetts, 1980 $
Unrestricted Areas 10. 57 24. 43 28.004/
Restricted Areas
Bef ore Abat ement 16. 66 n. a. 28.008/
After Abat enment 13.73 n. a. 28.008/

2/ cPl used to inflate 1978 Maine price to 1980 $.

B/ Townsend and Briggs, 1980.
</ Maine Depart nent of Marine Resources, Cl am Production and Val ue,

1887-1982.
g Resources for Cape Ann, 1982.

n.a. = Not applicable.
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and enpl oyees. However, there is not enough cost and price information

available to address this question adequately.

If the cost conputations di scussed above fornmed a reasonable basis on
which to estimate shifts in the supply curve, then they could be used to
cal cul ate change in producer surplus due to pollution abatenent. This is
sinmply not the case because of data inadequacies. For illustration purposes,
however, we could assune that they are acceptable and that the change in per
bushel cost shown in Table D7 is a reasonable estinmate of per unit supply
cost changes due Co pollution abatenent. Change in producer surplus would

then be conputed as foll ows:

APS = Profitsy - Profitsg

(P1Q1 - C1Q1) - (PgQp - CpQp)

= Q1 (P; - C1) = Qp (Pyg—=Cp)
wher e,
Profitsg = initialprofits = PgQg - CgQq
Profitsy = new profits = P1Q; - C101
APS = change in producer surplus (%)
Pg = initial price (%)
Py = new price ($)
Qo0 = initial quantity harvested (bu.)
1931 = new quantity harvested (bu.)
Cop = initial cost ($)
Cy = new cost (%)

As an exanple, if the prelimnary change in yield and initial quantity
harvested (later revised) used in Table D-7 and the initial price of
$28. 00/ bu. (also revised) and cost of $16.66/bu. used in Table D-8 were
assumed and if a price change of -$1.99 was al so assuned (this is also a
prelimnary estinmate that was nmade using the prelimnary change in yield and
one of the initial demand functions considered, later revised in the main

report), then the change in producer surplus would be conmputed as foll ows:
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APS = Pr:ofitsl - Pr:ofits0
= Ql (Pl - Cl) - QO (PO—CO)
= (66,428) (26.01 - 13.73) - (16,500) (28.00 - 16.66)
= (66,428) (12.28) - (16,500) (11.34)
= 815,736 - 187,110
= $628, 626.
It should be enphasized that this nunber is only hypothetical. As di scussed
earlier, it was thought best to omt conputation of producer surplus changes

in the main report because of lack of infornmation to specify supply curve
shifts and because of the |ikelihood that these changes would be zero due to

the lack of regulation of the fishery.
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Appendi x E

Charles River Boating Benefits

Addi ti onal Boating Days per Year on the Charles River

(1) (2)
Current
Boating Days = & X Boating Days
52, 810 = 0.03142 1, 680, 800 Hi gh
5, 750 = 0.03142 183,000 Low
(a) (h)
(1) BP = 0.38485 (AW) + 0.03142 ( AFES)
0. 03142 = (0.3845) (0) + 0.03142 (1)

Sour ce: Davidson P., G Warns and J. Seneca, 1966. The Soci al Val ue of
Water Recreational Facilities from an |Inprovenent in Water Quality:
the Del aware Estuary. \Water Research, Allen Kneese and Stephen C
Snmith, eds. Baltinore: Johns Hopki ns University Press for Resources
for the Future.

(a) AW = acreage of recreational water available per capita.

0, because currently all 675 acres of the Charles River in the
Basi n planning area are boatabl e.

change in recreational facility rating.

(h) AFPS

1 (assumned).

(2) Current Boating Days

. (a) (h) (c)
Boating = Portion of Population x No. days x Boati ng
Days Boating on Charles per Boater Popul ati on
High = 1,680,800 = .40 5.5 764, 000

() , (b) Source: Recreation studies (see Appendix B).



(c) Boating popul ation equal s popul ati on of towns bordering or
very near to the Charles River in the planning area.

Canbri dge 95, 000
VWAt ert own 34, 000
Newt on 83, 000
Br ookl i ne 55, 000
3/4 Boston 420, 000
Sonerville 77,000

Tot al 764, 000

Sour ce: 1980 U. S. Census.

(1) (i)

Low = Boating = Fanmly visitor X Fam |y
Days days per nunber
season
Low = 183,000 = 68,000 X 2.69
(i) Source: Cal cul ations based on information in Binkley and Hanemann

1975, The Recreation Benefits of Water Quality |nprovenent,
prepared for Environmental Protection Agency, Wshi ngton, DC
5.6 percent of all reported 850 visits for the sumer season
were boating-related activities, Sanple was statistically
representative of 0.07 percent of the SMSA popul ation.

Therefore 850 = 1,214,286 famly visits, of which 5.6 percent,
or 68,000 are famly visitor days.

(i) Source: 1980 U.S. Census.






