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In recent years, South Haven has faced drought conditions that have damaged soil structure. When it does
rain, the hardened soil surface causes more runoff and erosion, rather than being able to absorb or retain
water. At this year’s South Haven Middle School (SHMS) assembly, guest speaker Dr. Ailem Carvajal
discussed ways to build community resilience in similar dry areas, such as composting.

“Compost is a nutrient-rich, dark, crumbly material made from decomposed organic matter like
food scraps, leaves, and yard waste,” said Dr. Carvajal. She explained that compost forms when
nitrogen-rich greens (e.g., vegetable scraps, grass clippings) are mixed with carbon-rich browns
(e.g., dry leaves, straw, paper), along with water and air, to support decomposition.

When added to soil, compost improves water retention and reduces runoff, which are key factors in
preventing erosion. It also acts as a natural fertilizer and diverts organic waste from landfills, cutting down on
methane emissions.
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Solve the Problem

Benicio and Franchesca, SHMS students, realized that there were a lot of food scraps from students’ school
lunches that could provide the green matter (materials) for composting. They also noticed that the dead leaves
and twigs collected from the school grounds could serve as brown matter. The school maintenance crew has
agreed to supply the students with as many black garbage bags of brown matter (materials) that the students
need. Any leftover brown material can be saved from week to week in the bags without spoilage.

“The principal has approved a composting bin in the school yard that can hold 200 gallons of compost, based
on Dr. Carvajal's recommendation,” Benicio shared. “We plan to utilize the hot composting method where the
compost pile is actively turned and managed to maintain a high temperature to facilitate rapid decomposition.
For our first attempt at composting, we'll add green and brown materials to the compost pile for 4 weeks
(turning and monitoring regularly), then just turn and monitor the pile for 8 more weeks without adding any
new materials. If the hot composting method is effectively implemented, the 4-weeks’ worth of combined
material in the compost pile is expected to decrease in volume by % at the end of the 12 week mark.”

. %%  “From Dr. Carvajal, we learned that compost needs a 3:1 ratio of brown to
green matter,” Franchesca added. “The open air netting of the bin allows for
ventilation and pest control, which are crucial for the decomposition process.”
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Benicio and Franchesca collected green matter from the school lunches for one day and measured out a total of
14% pints that day. They assume that they should be able to collect the same amount of green matter for each
of the 5 school days each week. Then they will add green and brown materials to the compost bin in the proper

ratio on a weekly basis for their first composting attempt.

Question: If the students add the brown and green materials in the correct proportion to the compost
pile weekly for 4 weeks, and the hot composting method achieves the anticipated volume decrease
(without adding new materials after week 4), how much empty space (in gallons) would they expect in
the compost bin at the end of 12 weeks? —, OO
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All computations should be done with integers, improper fractions, or mixed numbers;
no decimals or rounding is permitted. Final answers should be written as a mixed
number, in simplest form, not as an improper fraction (e.g. % or 9 % gallons if it is a
mixed number). Note that 1 gallon = 8 pints.
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Although each problem has one correct numeric solution, there are multiple pathways students can take
to arrive at the answer. Students who answered Challenge 1 correctly are invited to enter Challenge 2!

Sample Solution

Solution blueprint: My solution to find the number of empty gallons in the compost bin after combined
materials are added for 4 weeks and the volume decreases by % requires me to:

1.convert the green matter value from pints to gallons.

2.figure out what the green matter fill rate is per week.

3.figure out how much brown matter is needed to keep the ratio of brown matter to green matter 3:1.

4.identify the total amount of matter added to compost bin each week.

5.compute the number of gallons of material added over 4 weeks.

6.figure out the volume reduction after 12 weeks.

7.compute how many gallons are empty in the compost bin after the volume reduction.

Step 1: Convert the green matter value from pints to gallons. | know that 1 gallon = 8 pints, so | will use that
to convert by multiplying.

First, | will convert the mixed number (14 % pints) to So the whole number of 14 can be written as a
an improper fraction. The numerator can be found fraction with a denominator of 3, then combine:
by multiplying the whole part by the denominator: 42 2 44
_ + =
14 x 3 = 42. 3 3 3
To convert, | will multiply the number of pints by the conversion factor.
44 pints X _leallon _ 44 ooions — 11 gallons  The students expect to collect 11/6
8 pints 24 6 gallons of green material per school day.

Step 2: Figure out what the green matter fill rate is per week. Since | know that the students expect to collect
11/6 gallons of green matter per school day and there are 5 school days per week, | can multiply 11/6 by 5 to
get the green matter weekly rate.

11/6 gallons % BEEE =£ % 5 gallons = E gallons Thus, the students expect to collect

1 day 6 6 55/6 gallons of green matter weekly.

Step 3: Figure out how much brown matter would need to be collected each week to keep the ratio of
brown matter to green matter 3:1. The ratio of brown to green material is 3:1, so since | know that 55/6
gallons of green material are collected per week, we need three times that amount of brown material.

55/6gallons o 55,4 _ 165 _, 22 gallons per week  The students expect to collect 55/2
ek 6 6 2 gallons of brown matter weekly.
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(...sample solution continued...)

Step 4: Figure out total amount of matter added to compost bin each week. By adding together the weekly
green matter and brown matter amounts, | can find the total amount of matter that is added to the compost
bin each week.

55 gallons of + 55 gallons of _ 35 gallons of + 165 gallons of 220 N m gallons of

— —F - reen matter ——~— brown matter = —— .
6 green matter 2 brown matter 6 g 6 6 3 total material

The students will add 110/3 gallons of mixed material to the compost bin weekly.

Step 5: Figure out the total number of gallons added over 4 weeks. | can find the total amount of material
added over 4 weeks to the compost bin by multiplying the weekly rate by 4.

110/3 gallons 4 weeks = 110 y 4 - 440 Check: 440/3 is 146% total gallons have been

1 week 3 3 added, which does not exceed the 200 gallon bin.

440/3 total gallons were added to the compost bin over 4 weeks.

Step 6: Figure out the volume reduction of the compost after 12 weeks. | know that it is expected that the
volume of the 4-weeks worth of combined material will be reduced by % after 12 weeks. First | can find what
Y% of 146% gallons (which was 440/3 gallons) is and then subtract from the total gallons in the compost bin.

44
440/3 gallonsx %= 4;'_0 x 1 - TO gallons have been reduced

3
440 440 1,320 440 _ 880

= gallons total - — gallons have beenreduced = —5— - &= = 5

There are now 880/9 gallons in the compost bin at the end of 12 weeks.

Step 7: Compute how many gallons of empty space there are in the compost bin after the volume
reduction at the end of 12 weeks. There is space for 200 gallons in the compost bin. After 12 weeks and a
volume reduction of %, there were 880/9 gallons in the compost bin. | can subtract from 200 to find how
much empty space is left.

200 gallon capacity - 880/9 gallons of compost = 1800 _ 880 _ 920 — 1022/; ST gallonsjn
9 9 9 the compost bin

Final Answer: After 12 weeks, they would expect 1022/9 gallons of empty space in the compost bin.
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